



Physicochemical and Bacteriological Analysis of Wastewater from the Atakpamé Regional Hospital Center (TOGO)

Abstract:
This study was carried out on the analysis of certain chemical, physical and bacteriological parameters in the wastewaters from Atakpamé Regional Hospital Center (Togo). The methods used for the analysis of the defined parameters are those recommended by “Association Française de Normalisation (AFNOR)” in the field of water analysis. The results revealed the high conductivities in the wastewaters of laboratory and general medicine with 3950 µS/cm, 3870 µS/cm respectively. The chemical oxygen demand (COD) were 3750 mg/L and 1550 mg/L in the surgery and the maternity respectively. The surgery department recorded the high content of biological oxygen demand (BOD) at 946 mg/L. The bacteriological analyses showed the general medicine department was the most polluted area with the presence of total coliforms, thermotolerant coliforms and fecal spectrococci at the concentrations of 40,000, 24,000, 200,000 CFU/mL respectively. The analysis revealed that the wastewater’ parameters exceeded the standards recommended by WHO. Therefore, the wastewaters must be treated before any recovery or use.
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1. INTRODUCTION 
The current environmental emergency obliges all sectors to change their practices and adopt a sustainable approach. Developing countries faced significant challenges in sanitation, particularly wastewater management. The healthcare sector, although dedicated to the care and protection of populations, knows negative environmental impacts. Medical waste production, energy and water consumption, and greenhouse gas emissions are among the challenges of the healthcare section. The lack of appropriate infrastructures leads to disorganized management of this water, causing the harmful impacts on public health and the environment. Treating wastewater before its release into the environment constitutes a major challenge for many countries. In Africa, most drainage systems connected to wastewater treatment plants are often faulty, and raw wastewaters are generally discharged into lowland areas. Thus, all structures such as hospitals, breweries, food manufacturing and processing plants, including slaughterhouses, discharge large quantities of organic and inorganic wastes into the environment without prior treatment. Previous studies around the world have focused on these wastewater issues particularly in the hospitals: HASSANI Abdelkader hospital in Algeria (Ramdani et al., 2019), Thailand (Danchaivijitr et al., 2005), Rio Janeiro in Brazil (Santoro et al., 2015).
Worldwide, wastewater treatment prior to discharge represents a major challenge for many countries. This difficulty is even more acute in developing countries, which not only suffer from a lack of capital but are also faced with uncontrolled urbanization and industrialization. Attempts to combat wastewater discharge into the environment are described in the literature. There are some examples: in Burkina Faso, with the implementation of a combined system (sand + coconut substrate) (Kone et al., 2012), the use of membrane bioreactors to degrade organic pollutants in industrial water (Sawadogo, 2018), the installation of reed filters to treat domestic wastewater (Liénard et al., 2004).
Togo has established a legal framework for environmental protection, including the Environmental Code 1988 and the Framework Law 2008. Policies such as the National Environmental Policy (1998) and the National Environmental Action Plan (2000) have been adopted. The Public Health Law 2009 and the Water Code 2010 regulate the discharge of pollutants into water, prohibiting discharges without prior authorization and imposing strict restrictions on the discharge of wastewater and hazardous wastes. However, Togo lacks more specific standards for wastewater discharge, which limits the effectiveness of water pollution management regulations. Thus, all structures such as hospitals are specifically required to treat liquid waste before releasing it into the receiving environment. In order to reduce the risks associated with wastewater, this study aims to characterize the effluents of the Atakpamé Regional Hospital Center by analyzing the chemical and bacteriological parameters in the different departments of the hospital with reference to WHO standards.
2. MATERIALS AND METHODS

1. 
2. 
2.1. Study area
The Atakpamé Regional Hospital Center, established in 1969, is located in the “Plateaux Region” of Togo as shown in the Fig. 1. The geographic coordinates of the study area taken using a GPS (Global Positioning System) correspond to 7° 31' 57" north latitude and 1° 7' 35" east longitude.
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Fig. 1. Map of Atakpamé Regional Hospital Center

2.2. Materials
The sampling campaign was conducted in July 2024. The wastewater samples were collected in the septic tanks of the following key departments: General Medicine, Analytical Laboratory, Maternity, Pediatric and Surgery. For each septic tank, two (2) liters samples were taken. The first, packaged in polyethylene bottles, were intended for physicochemical analyses and the second, placed in sterile bottles, were reserved for microbiological analyses. 

2.3. Methods
To avoid any biological, physical, or even chemical transformation of the samples, each bottle was transported in coolers equipped with cold accumulators at a temperature between 2°C and 8°C, in order to cool the samples, but also to protect them from light. The samples were analyzed within 48 hours of sampling.

2.3.1. Determination of physical and chemical parameters
Temperature, pH and conductivity were analyzed directly on the site of sampling and other parameters of wastewaters such as chemical oxygen demand (COD), biological oxygen demand (BOD) were analyzed using the standards methods (Ouéda et al., 2025). In a reaction flask 500 mL, 10 mL of sample, 5 mL of potassium dichromate solution (0.040 mol/L) and 15 mL of concentrated sulfuric acid solution containing silver sulfate were introduced successively, shaking the reaction flask thoroughly. Then the reaction flasks were placed in the heating block and allowed to boil (150°C ± 5°C) for 2 hours. After heating, they were removed from the heating block and then cooled, before transferring the contents of the flask into an Erlenmeyer flask 250 mL. The flasks were rinsed, collecting the washings and diluted with approximately 75 mL of water. A few volumes of 2 to 3 drops of ferroin were added and followed by titration with the iron (II) sulfate and ammonium solution (Mohr's salt).
A BOD meter AL606 based on the mercury-free manometric method with a BOD display from 0 to 4000 mg/L was used to measure the concentration. The automated device (BOD meter) stores pressure values over several days. Each bottle has its own pressure probe and it is possible to monitor the evolution of oxygen consumption. A few quantities of potassium hydroxide (2 to 3 grains) were placed in the basket to be placed on the bottle. Hermetically sealed, the bottles are incubated at 20°C for 5 days with constant stirring.

Suspended Solids (MES): Suspended Solids measurement was carried out using the filtration method developed by Rodier et al., (2009). The measurement of MES was carried out by the method of filtration of a volume of water V = 0.5 L on a filter paper acting as a filter membrane. After filtration of this sample, the membrane was dried in an oven at 105 °C for a period of 2 h. After drying, the mass 1 (g) of the dry membrane was measured using a balance; the mass 0  (g) of the paper being known beforehand (Rodier et al., 2009).
Volatile suspended solids (VSS): These represent the organic fraction of suspended solids and are obtained by calcining these solids at 525°C for 2 hours. The difference in weight between the suspended solids at 105 °C and 525 °C gives the loss on ignition and corresponds to the VSS content in mg/L of water (Metahri, 2012).

2.3.2.  Determination of microbiological parameters
Total coliforms (30 °C), thermotolerant coliforms (44 °C), fecal streptococci (37 °C): These microbiological parameters were analyzed in the wastewaters collected from the septic tanks of the hospital services using the routine standardized methods of the French Association for Standardization (AFNOR) adopted by the member states of the West African Economic and Monetary Union (UEMOA). Different conditions to analyze the germs in the wastewater’s samples were shown in the table. 1.

[bookmark: _Toc176164068]Table. 1. Culture media according to their temperature, incubation time and their characteristic germs
	Targeted germs
	Culture Medium 
	Temperature
	Incubation time
	Coloration

	Total Coliforms
	VRBL
	30 °C
	24 h
	Pink-Red of
Φ˃0.5 mm

	Thermotolerant Coliforms
	VRBL 
	44°C
	24 h
	Pink-Red of
Φ˃0.5 mm

	Fecal Streptococci
	Slanetz & Bartley
	37°C 24 h - 
	24 h-48 h
	Coffee Brown


[bookmark: _Toc179211624][bookmark: _Toc179212508]VRBL: Violet Red Neutral Bile Lactose


3. RESULTS AND DISCUSSION

1. 
2. 
3. 
3.1. Results

3.1.1. [bookmark: _Hlk196913451]physicochemical parameters of the analyzed raw wastewater
The physicochemical composition of wastewater from the different collection sites is shown in Table 2. The temperatures recorded at all sites are in accordance with standard norms. Wastewater pH values ​​ranging from 6.92 to 7.91 are within the WHO recommended range (6.5 to 8.5). The conductivity of all wastewater exceeds the WHO guidelines, with a high value obtained in the laboratory (3950 µS/cm) and the lowest value (1123 µS/cm) observed at the surgery which was lower than the WHO standard. COD and BOD5 values ​​provide an index of organic pollution in wastewater. Indeed, high concentrations of COD and BOD5 were recorded at the surgery with respective values ​​of 3750 and 946 mg/L. Furthermore, low levels were obtained in the analysis laboratory with respective concentrations of 160 and 59 mg/L. Logically, the analysis showed that the wastewater from surgery has high levels (36800 g/L) of suspended solids (MES) as well as COD and BOB5. The other departments also had the concentrations more than the WHO standards with the lowest concentration collected in the analysis laboratory. 
[bookmark: _Toc176164070][bookmark: _Hlk196907132]Table. 2. Results of the physicochemical parameters of the analyzed raw wastewater
	Parameters
	Surgery
	Laboratory
	General Medicine 
	Maternity
	Pediatric
	WHO’ Value

	Temperature (°C)
	21
	21.5
	21.6
	21.6
	21.2
	˂ 30

	
	
	
	
	
	
	

	pH 
	7.2
	7.65
	7.09
	6.92
	7.91
	6.5-8.5

	Conductivity (µS/cm)
	1123
	3950
	3870
	3200
	3690
	˂ 2000

	COD (mg/L)
	3750
	160
	800
	1550
	530
	˂ 90

	
	
	
	
	
	
	

	BOD5 (mg/L)
	946
	59
	765
	668
	107
	˂ 30

	
	
	
	
	
	
	

	COD/BOD
	3.96
	2.71
	1.04
	2.32
	4.95
	

	MES (mg/L)
	36800
	60
	367
	306
	133
	˂ 20

	
	
	
	
	
	
	



3.1.2. Bacteriological parameters of the analyzed raw wastewater

Table 3 shows the total coliforms (TC) levels in the wastewater studied. It appears that the TC content varies from 440 to 40,000 CFU/mL with the highest value observed at the general medicine level. All samples contain TC higher than the WHO standard standards (10,000 CFU/mL) for wastewater except for the surgery and laboratory samples. The contamination quotient (sample content/WHO standard) is less than 1 at surgery and laboratory. It is greater than 1 in the other samples, synonymous with high contamination. 

[bookmark: _Hlk196915668]Table 3. Total Coliforms in the site of collection
	Site of sampling
	Surgery
	Laboratory
	General Medicine
	Maternity
	Pediatric
	WHO’ Value

	Total coliforms
(CFU/mL)
	5000
	440
	40000
	20000
	15000
	10000

	Ratio (Sample value/WHO ‘value)
	0.5
	0.044
	4
	2
	1.5
	


The table 4 showed the content of thermotolerant coliforms in the different wastewaters. According to WHO standards, the acceptable level of thermotolerant coliforms (TTC) in wastewater is 2000 CFU/mL. The sample from general medicine had a high TTC concentration of 24000 CFU/mL. Departments such as surgery and laboratory recorded low TCC levels of 1400 and 300 CFU/mL respectively and with contamination ratios less than 1. 
Table 4. Thermotolerant coliforms in the site of collection
	Site of sampling
	Surgery
	Laboratory
	General Medicine
	Maternity
	Pediatric
	WHO’ Value

	Thermotolerant Coliforms (CFU/mL)
	1400
	300
	24000
	2100
	5500
	2000

	Ratio (Sample value/WHO ‘value)
	0.7
	0.15
	12
	1.05
	2.75
	


Contrary to TC and TTC, we observe through Table 5 that the levels of fecal streptococci (FS) in the analyzed samples exceeded the standard standards set at 1000 CFU/mL. The high level is observed at the general medicine (200,000 CFU/mL). The contamination quotient varies from 3.1 to 200 and the lowest contamination is recorded in the laboratory.
Table 5. Fecal Streptococci in the site of collection
	Site of sampling
	Surgery
	Laboratory
	General Medicine
	Maternity
	Pediatric
	WHO’ Value

	[bookmark: _Hlk197098848]Fecal Streptococci (CFU/mL)
	38000
	3100
	200000
	27000
	21000
	1000

	Ratio (Sample value/WHO ‘value)
	38
	3.1
	200
	27
	21
	



3.2. Discussion
3.2.1. Physicochemical parameters
Temperature is a determining factor in the development of microorganisms such as bacteria, microbes and viruses. In this study, it remained below 30 °C (WHO standard) in all samples and could be due to the sampling period (July). The month of July corresponds to the rainy season in the Plateau region where our study was carried out. The pH of the samples is close to neutral (7), an environment favorable to the proliferation of bacteria. A similar study on fish pond wastewater found pH values ​​between 6.77 and 8.43 (Sule et al., 2016). A study of wastewater from chemical and medical laboratories reported pH values ​​of 6.6 and 8.1, respectively (Akintunde et al., 2023). Alexandre et al. (2020) were analyzed wastewater from a hospital and found pH values ​​between 7.25 and 8.12. 
[bookmark: _Hlk196974524]The conductivity of wastewater provided an indication of the mineralization of this water. Indeed, the conductivity of the samples analyzed showed that they contain a high level of mineral salts (ions). The high conductivity of wastewater from the laboratory (3950 µS/cm) could be explained by the use of chemical reagents for the various analyses. Similar results were obtained by  Akintunde et al. (2023), this high conductivity in the laboratory could be due to the use of large quantities of dissolved biomedical salts as reagents. Surgical wastewater has low conductivity (1123 µS/cm), which is due to the fact that mineralized solutions or ionic chemical reagents were rarely used in this department. Previous works have reported results where the conductivity value range from 297 - 324 µS/cm which was very low compared to the results of our study (Emmanuel et al., 2009).
Measuring COD and BOD provides an idea of ​​the amount of oxygen needed to stabilize wastewater. Biological oxygen demand (BOD) measures the oxygen required by microorganisms during the decomposition of organic matter. Chemical oxygen demand (COD) is the measure of the amount of oxygen required to decompose organic and inorganic materials in the presence of potassium dichromate and concentrated sulfuric acid (Salem et al., 2011). Based on these definitions, the high levels of COD (3750 mg/L) and BOD (946 mg/L) in surgery could be due to the use of organic solvents such as disinfectants and detergents. Similar observations were noted in other services such as general medicine and maternity. The laboratory, renowned for the use of ionic chemical reagents, has low COD (160 mg/L) and BOD (59 mg/L) values, which indicate low use of organic products and even production of organic wastes. According to literature results, COD/BOD ratios greater than 2 indicate that the wastewater contains organic matter that is difficult to biodegrade (Ramdani et al., 2019). Therefore, the wastewater studied poses a threat to the environment, except for effluents from general medicine, whose ratio is less than 2. A study carried out on the effluents of a hospital in western Algeria revealed chemical pollution with respective COD and BOD contents equal to 879 mgO2/L and 850 mgO2/L (Ramdani et al., 2019). 
The suspended solids evaluated in our study were significantly higher than the WHO standard (20 mg/L). This could be explained by the high organic matter content of this wastewater, as evidenced by the COD and BOD parameters. Apart from surgery, our results remain comparable to those reported in the literature: industrial wastewater in Nigeria 0-2740 mg/L (Aniyikaiye et al., 2019), hospital wastewater in Algeria (420-640) (Ramdani et al., 2019), groundwater contaminated by hospital wastewater in Haiti 12.80 - 33.20 (Emmanuel et al., 2009).
3.2.2. Bacteriological parameters
Wastewater from the surgery and the analysis laboratory contains lower levels of total coliforms. These low levels are believed to be due to the excessive use of disinfectants in these two departments, which eliminate germs. These include mineral detergents in the laboratory (high conductivity) and organic disinfectants in the surgery (high COD). The contamination quotient clearly shows that the laboratory (0.044) remains by far the least. Our results remain lower than some reported in the literature, 1600000 CFU/mL in polluted site (Asfaw et al., 2017). Another study had reported the presence of total coliforms in the hospital wastewater with the high value reaching 108 CFU/mL (A. Chukwu et al., 2018). Comparatively, the results on the total coliform content can be compared to those of the wastewater from the University of Benin where the authors found concentrations varying between 12,000-16,000 MPN/100 mL (Ekhaise et al., 2008).
As the bacteria’s TCs, thermotolerant coliforms (TC) are less prevalent in surgical and laboratory collection sites, with risk quotients less than 1. In fact, these wastewaters are within the WHO recommendations. The presence of TCs indicates fecal contamination; wastewater from other services therefore poses an environmental threat. Ramdani et al., (2019) had concluded that these wastewater discharges from hospitals pose a serious threat to human health.
The high presence of fecal streptococci in the septic tank indicates that the process of degradation of organic matter and elimination of pathogenic bacteria is not taking place correctly. It is obvious that the risk of germ contamination in wastewater is very high, particularly in general medicine, with a quotient of 200, well above the standards. This water cannot be used for any purpose without prior treatment. A study conducted on fish pond wastewater showed that the fecal coliform content was 1000 CFU/mL, a lower value than in our study (Sule et al., 2016). Analyses of hospital wastewater showed Fecal Streptococci concentrations of 21,000 FCU/mL in the same range as some values ​​in our study, particularly in pediatric wastewaters (Tahiri et al., 2012). In Burkina Faso, a microbiological analysis of wastewater in the dry and hot season showed results of fecal streptococci with contents ranging from 650-45000 CFU/100 mL (Nitiema et al., 2013). Previous work has shown that maximum fecal streptococci concentrations in wastewater are in the order of 1000 MPN/100 mL in 2001 and 900000 in 2002 (Emmanuel, 2003).

4. CONCLUSION
This study was investigated the wastewater from regional hospital and concluded the results that showed physicochemical and bacteriological pollution beyond the standards recommended by the WHO. These pollutions are linked on the one hand to high levels of conductivity, suspended matter and on the other hand to the presence of certain germs at very high concentrations. The ration COD/BOD5 was more than 2 indicated that the organic matter contented in the wastewaters were difficulty biodegradable. Chemical and physical pollution was noticeable in departments of laboratory. Furthermore, bacteriological pollution was remarkable in the department of general medicine with high fecal contamination through the levels of fecal streptococci.
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