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Abstract: The Kara University Hospital generates an average of 17133.1 m? of wastewater per year. These hospital
effluents contain specific substances likely to disseminate pathogenic germs. The objective of the study is to assess
the risks associated with the poor management of hospital effluents from the Kara University Hospital. The study
involved the characterization of the effluents. The results obtained show that in addition to the temperature and the
hydrogen potential (pH), the values of the other physico-chemical parameters in particular, suspended solids (SS)
(58.07 mg/L) and nitrates (84.79 mg/L) exceed the discharge standards of World Health Organization (WHO). The
values of the microbiological parameters sought, in particular total coliforms (1.106 CFU/100 mL), thermotolerant
coliforms (4.105 CFU/100 mL), sulphite-reducing anaerobes (3.6103 CFU/100 mL) and faecal streptococci (5.103
CFU/100 mL) exceed the discharge standards accepted by the WHO. Exposed individuals were identified through
an exposure level assessment matrix. The analysis shows that at the production stage, healthcare personnel are the
most exposed with a critical rate of 64% (16/25); at the evacuation stage, the workers in charge of evacuation show
a moderate exposure level of 48% (12/25). After disposal in nature, populations living near landfill areas are the
most exposed with a rate of 48% (12/25). After disposal in nature, populations living near landfill areas are the most
exposed with a rate of 48% (12/25). The wearing of personal protective equipment by staff and the establishment
of a treatment plant will reduce the risks and ensure sustainable management of effluents from the Kara University
Hospital.
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1 Introduction

Hospital establishments generate large volumes of liquid effluents which contain specific substances (drug residues,
chemical reagents, disinfectants, detergents, radiographic developers and fixers) are likely to disseminate pathogenic
germs [1, 2]. The World Health Organization (WHO) estimates water consumption at 40 to 400 liters per bed
per day with a discharge rate of around 80% [3]. In this context, the problem of hospital effluent discharge is
becoming increasingly important. These effluents are generally evacuated without prior treatment, in the same way
as conventional domestic wastewater. The management of hospital effluent has become a critical issue as it poses
potential health risks and environmental damage attracting considerable international interest. Thus, indiscriminate
and unscientific management of biomedical waste poses serious threats to the environment and human health.

The effective management of hospital effluents must be a preoccupation of hospital administrations and all
stakeholders. This will minimize risks for the environment and public health [3-5].

The complex composition of these effluents, including pathogens, pharmaceutical residues, disinfectants, heavy
metals, and sometimes radioactive elements, makes them a significant public health and global environmental safety
issue.
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When hospital effluents are not properly handled, they can cause significant contamination of water resources,
affecting quality of life and raising health risks for surrounding populations, especially in low- and middle-income
countries where hospital waste management systems are often deficient or non-existent [6, 7]. In recent years, research
on hospital effluents has increasingly focused on emerging contaminants, particularly antibiotic resistance genes
(ARGs), pharmaceutical residues, and microplastics, which pose significant environmental and health concerns.
Studies such as [8, 9] have demonstrated that untreated effluents can act as reservoirs and dissemination routes for
resistant bacteria and residual pharmaceuticals in aquatic environments across Africa. Integrating these emerging
pollutants into the hospital wastewater monitoring framework would strengthen the understanding of multi-contaminant
risks.

Public health and environmental pollution issues linked to hospital effluents have been exacerbated in recent
years with the increase in hospital effluent in quantity and complexity, linked to the increase in production sources
such as public and military hospitals, semi-public and private clinics, clinical and epidemiological laboratories;
veterinary centers, etc., the strengthening of technical platforms and the advent of emerging and re-emerging diseases
(Covid-19, viral hemorrhagic fevers, etc.). Indeed, hospital liquid effluents may contain dangerous chemical substances,
pathogens and radioisotopes which may constitute a chemical, biological and physical risk for public health and the
environment [10, 11].

The various problems resulting from liquid discharges from health services without any appropriate prior treatment
raise questions about the chemical, biological characteristics and the future of hospital pollutants in the environment
as well as the need to develop tools for sustainable waste management from these establishments.

In Togo, as in many developing countries, liquid effluents do not undergo any treatment before being discharged
into nature with all the negative impacts that these raw effluents have on the environment and on human health.

The producing structures do not take full responsibility for the ecological and safe elimination of waste from
their structures as an integral step in the process of providing quality care. Indeed, despite international conventions
relating to hazardous waste (Basel Convention, Stockholm Convention, Rotterdam Convention) and especially national
regulatory provisions in particular Law No. 2009-007 establishing the Public Health Code of the Togolese Republic
and Law No. 2008-005 of May 30, 2008 relating to the framework law on the environment, sanitary structures
continue to reject wastewater without prior treatment.

Hospital effluents need to be managed more carefully and quickly to avoid many public health risks associated
with poor practices, including exposure to infectious agents and toxic substances [1, 12]. Their processing is necessary
in order to protect the environment and human health.

The objective of the study is to assess the risks associated with the management of hospital effluents from the
Kara University Hospital.

The microbiological parameters sought are total coliforms, thermotolerant coliforms, sulphite-reducing anaerobes
and fecal streptococci. The chemical parameters sought are temperature, conductivity, hydrogen potential (pH),
suspended solids (SS) and nitrates.

2 Materials and Methods
2.1 Study Framework
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Figure 1. Map of the commune Kozah 1 showing the location of Kara University Hospital

38



The study was performed at the Kara University Hospital located in the commune of Kozah 1, Kozah prefecture,
Kara region. Built in the 1970s, Kara University Hospital has a capacity ranging from 210-239 beds. It is called upon
to serve the entire population of Togo in general and in particular that of the three northern regions of Togo whose
population is estimated at more than 2.924.561 inhabitants according to the fifth General Population and Housing
Census (RGPH-5) in 2022.

In terms of hospital wastewater management, Kara University Hospital uses a non-separative autonomous system
which consists of storing wastewater in septic tanks and drainage pits. The pits receive water from the toilets, and the
sumps receive specifically hospital effluent. The emptying frequency is not defined. It is carried out according to the
filling frequency according to the analysis of the oil change book. The maternity septic tanks are those which are
most frequently emptied. Wastewater is drained by trucks from the Kozah 1 commune town hall (Figure 1) as part of
a partnership. The septic tanks and cesspools are functional and well-sealed with PVC pipes and concrete collectors
with a diameter of 200 mm. The flow of effluent in the pipes is monitored using manholes. The minimum interior
section of a manhole is 80x80 cm; the reinforced concrete pad, placed in the rebate, is visible for certain views and
buried for others.

Figure 2 shows a google map with the location of Kara University Hospital.
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Figure 2. Map of the delimitation of Kara University Hospital

2.2 Ecological Context of Kara

The Kara region, located in northern Togo, has a generally hilly terrain with altitudes ranging from approximately
200 to 400 metres above sea level. The landscape consists of chains of hills (notably Séméré, Farende, Boua Falé
and Lassa), gently rolling plateaus and peneplains with moderate slopes of between 2 and 5%. This topographical
configuration is conducive to both agricultural activities and human settlement, although some areas remain vulnerable
to seasonal water erosion. In terms of soil, the dominant types belong to the tropical ferruginous, ferralitic, and poorly
developed units. They have a sandy-clay to clay-sandy texture, average fertility, and are widely used for both food and
cash crops such as millet, sorghum, and yams. The local agrarian system is based mainly on rain-fed agriculture,
fallow land and slash-and-burn farming, combined with extensive livestock farming during the dry season.

From a hydrological perspective, the region belongs to the Volta River basin and is drained by several major rivers,
including the Oti, Koumongou, Kéran, Kara, M6 and Binah. These rivers, several of which remain perennial during
the dry season, are essential resources for domestic and pastoral supply, but remain exposed to diffuse pollution from
domestic waste and the use of agricultural inputs. Groundwater resources come from a fractured crystalline bedrock
forming discontinuous aquifers located in areas of fissures and joints. The aquifers are generally found at depths of
between 30 and 70 metres, with an average drilling depth of around 160 metres. All of these soil, hydrological and
topographical characteristics make the Kara region both productive and ecologically fragile, requiring integrated
management to prevent soil degradation and protect the quality of water resources [13—15].

The Kara University Hospital is located in an area that is slightly elevated above the city, but not directly bordered
by a watercourse. This geographical position limits the immediate risks of direct effluent discharge into neighbouring
rivers, but does not eliminate them entirely. In fact, the areas where sludge from the university hospital’s sanitation
systems is spread and dumped are often located in rural outlying areas, sometimes in topographically depressed areas.
These areas are prone to temporary stagnation of runoff water, particularly during the rainy season, thus promoting
the infiltration of organic, chemical and microbiological contaminants into the surface soil and potentially into the
groundwater.
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2.3 Sample Collection and Conditioning

The analyzes focused on hospital effluent. These effluents were taken from the sumps of six (06) departments
including maternity, medicine, surgery, emergency, pediatrics and the laboratory. The samples were taken in these
departments because 94% of the effluent from Kara University Hospital comes from these departments. The samples
were taken from the sumps to obtain effluents with characteristics closest to specifically hospital effluents (Figure 3).

Figure 3. Exterior of a pit showing the evacuation pipe for specifically hospital effluents

Instant manual sampling method was used for sample collection. The samples were collected in plastic bottles
sterilized by heat autoclave at 120 °C for 1 hour (Figure 4 and Figure 5).

hoto 1: Exterior of pit
iacuation pipe

Figure 5. Sampling of effluents
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The samples were carefully labeled and stored at 4 °C. The wastewater samples analyzed were taken from the
Kara University Hospital. sumps in sterile 500 mL bottles. The bottles, once filled, were labeled and placed in a
cooler equipped with cold accumulators before being transported to the LAMICODA-ESTBA/University of Lomé
laboratory. Bacteriological analyzes were carried out the same day.

2.4 Microbiological Analyzes

The research focused on certain indicators of the presence of pathogenic germs. The germs sought are those
retained by the EU 2007 criteria. Table | presents the germs sought and the methods used.

Table 1. Germs research and analysis methods

No. Germs Wanted Methods Culture Zone Cultivation Conditions
1 Total coliforms NF V08-050, December 1992 VRBL 30 °C, 24 hours
2 Thermotolerant coliforms NF V08-016, December 1992 VRBL 44 °C, 24 hours
3 Sulphite-reducing anaerobes XP V08-061, October 1996 TSN 44 °C, 24 to 48 hours
4 Fecal streptococci NF T90-416, October 1985 Slanetz and Bartley 37 °C, 24 to 48 hours

2.5 Physic—-Chemical Analyzes

The temperature and conductivity were measured in situ using the pH meter from the HANNA/HI/99300
multi-parameter kit. Meanwhile, the pH was determined in the laboratory using an electronic pH meter of the
HANNA pH 210 brand. Furthermore, the suspended matter concentration was calculated by taking the ratio between
the difference in masses and the filtered volume of the sample. Finally, the determination of nitrate ions (NO3 ) was
carried out by diazotization of sulfanilamide by nitrite ions (NO; ) in an acidic medium and in the presence of N-1
naphthyl ethylene diamine. This reaction resulted in a coupling process that led to the formation of a purple-colored
complex, allowing for a colorimetric analysis, with the optical density readings taken at a wavelength of 543 nm.

2.6 Statistical Analysis of Data

Data processing was computerized. Data entry, clearance and processing, calculation of indicators, production of
tables, graphs and standard error calculation were done with the Excel.

2.7 Health and Environmental Risk Assessment

The assessment of health and environmental risks was conducted using a semi-quantitative approach based on
the WHO Environmental Health Risk Assessment framework. The criticality (C') of each hazard was determined
according to the following relationship:

C=Px(G

where,

P: probability of occurrence or frequency of exposure to the hazard, and

G: the severity or magnitude of the potential consequences for human health or the environment.

Each parameter (P and G) was scored on a scale from 1 to 5 (Table 2), with higher values indicating a greater
likelihood or more severe consequence. The product of these two factors yields a criticality score (C') that reflects the
level of risk associated with each exposure scenario. The resulting criticality was interpreted using the following
classification.

Table 2. Indicative grid of criticalities

Criticality Value (C') Risk Level Interpretation
14 Low Acceptable: risk or controlled risk
5-9 Moderate Requires monitoring and preventive actions
10-15 High Significant risk requiring mitigation measures
16-25 Critical Unacceptable risk: immediate intervention required

The scoring of P and G was conducted through expert consultation involving hospital hygiene officers, sanitation
technicians, and environmental health specialists, based on observed exposure frequencies, handling practices, and
available protective measures. This method, widely used in risk management studies ISO 31000:2018 and WHO,
2017, provides a structured framework for prioritizing the most critical exposure situations even in the absence of
quantitative microbiological data.
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2.7.1 Identification of groups of people exposed

The categories of exposed people were identified based on the stages of hospital effluent management and the
actors who could be exposed. Table 3 presents the categories of people exposed by stages.

Table 3. Categories of persons exposed by steps

Hospital Effluent Management Steps Category of People Exposed

Nursing staff
Patients and accompanying persons
Nursing staff
Kara University Hospital sanitation network Patients and accompanying persons
Populations living near Kara University Hospital
Nursing staff
Patients and accompanying persons
Populations living near Kara University Hospital
Workers involved in the operation
Populations living near landfill areas
Peasants responsible for cultivating the fields
Source: Study report on the environmental and health management of hospital waste and effluents at the Kara University Hospital in 2018.

Production

Evacuation

Using hospital effluent for Field Amendment

2.7.2 Frequency or probability of occurrence

This involves defining objective criteria in order to evaluate the frequency of exposure of each category of exposed
person. The exposure assessment will also take into account the contributing factors or resilience factors of the
exposed agents such as the wearing of personal protective equipment. Exposure will be assessed in relation to its
frequency or probability of occurrence. The definition of probability categories is specified in Table 4.

Table 4. Definition of probability categories

Probability Category Ranking Definition

Almost certain 5 Once a day
Likely 4 Once a week
Moderately likely 3 Once a month

Unlikely 2 Once a year
Rare 1 Every 5 years

2.7.3 Severity level

The severity level measures the extent of a risk on the target. The objective criteria for its evaluation are defined in
Table 5.

Table 5. Definition of severity level

Severity Level Ranking Definition
Catastrophic 5 Impact on public health
Major 4 Regulatory impact
Moderate 3 Aesthetic impact
Minor 2 Impact on adherence
Insignificant 1 Absence of impact or detectable impact

2.7.4 Risk characterization

The combination of identification data, hazard characterization and exposure assessment enable assess the risk
through its criticality which will be the product of the severity and the probability of occurrence.

2.8 Study’s Limitations

Sampling was carried out exclusively during the rainy season, which coincides with increased hydraulic flow and
significant dilution of pollutants. This hydrological context tends to reduce the apparent concentrations of suspended
solids and microbiological parameters compared to periods of low water flow. The results presented in this study
therefore correspond to a high-dilution scenario, representative of the rainy period in the Kara region. Seasonal
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variations in pollutant concentration and microbiological load should be considered when interpreting the data, as
lower dilution during dry periods may amplify the environmental and sanitary risks identified.

The lack of specific epidemiological data on infections associated with inadequate management of hospital
effluents. Indeed, the linkage of epidemiological data on pathologies related to hospital effluents would strengthen the
link between microbial load and the actual incidence of disease among hospital stakeholders.

Also preserving the transfer chain and risks for downstream users, the environmental traceability of pollutants
from the discharge point to the receiving environment remains to be completed for a complete risk assessment.

3 Results and Discussion
3.1 Physicochemical Analyzes
3.1.1 Temperature

The effluent temperature varied between 27.4 °C and 28.3 °C, with an average of 27.87 °C and a standard deviation
of 0.31 °C. These values are more or less equal to those of FAGNIBO who noted in 2012 at the Hubert Koutoukou
Maga National Hospital Center in Cotonou (Benin) temperatures between 28.9 °C and 29.32 °C. Figure 6 shows the
temperatures obtained per service.
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Figure 6. Temperature by service

The effluent discharge temperatures from Kara University Hospital comply with the discharge standards according
to the WHO which sets the discharge temperatures of hospital effluents below 30 °C. Recent study by Ouédraogo et
al. [1] shows that these values would be favorable to the maintenance of colonies of “mesophilic” microorganisms
which thrive at a temperature between 20 °C and 40 °C.

3.1.2 Conductivity

The electrical conductivity values range between 124 ;S/cm and 187 uS/cm. The average value is 166.50 pS/cm
with standard deviation of 22.46 uS/cm. These values are below those obtained by FAGNIBO who noted in 2012 [13]
at the Hubert Koutoukou Maga National Hospital Center in Cotonou (Benin) with conductivities between 790 uS/cm
and 891 puS/cm and SARHANE in 2014 [13] who noted an average value of 1500 pS/cm in the maternity ward of the
Rabat Salé Zemmour Zaer regional hospital. Figure 7 presents the conductivity by service.
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Figure 7. Conductivity by service

The low conductivities obtained during our study could partly be explained by the dilution phenomenon. Indeed,
our study period coincided with the rainy season in Kara. According to study [1], during the rainy season, hospital
effluents receive a large quantity of water resulting in a considerable dilution of the chemical elements present.
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3.1.3 Hydrogen potential (pH)

Figure 8 shows a pH between 7.12 in maternity and 7.38 in medicine with a mean of 7.12 and a standard deviation
of 0.1. This highlights the existence of a slightly alkaline medium. The variation in pH between different services is
less than 1 unit of pH.
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Figure 8. Hydrogen potential (pH) by service

This result agrees with that of the study by Fossou et al. [13] at the Hubert Koutoukou Maga National Hospital
Center in Cotonou (Benin), a pH of around 7.02 and Nya [14] at the Lyon University Hospital which had also noted a
pH of around 7.4.

However, these effluents are less alkaline than the leachate from the Akouedo landfill in Ivory Coast according to
the study [15] on the physic-chemical characterization of leachate from this landfill.

The pH of the waste effluent from the Kara University Hospital services that we analyzed complies with the
wastewater discharge standards according to the WHO, which places the discharge pH between 5.5 and 8.5.

The pH values obtained in the effluents could be linked to the low concentration of volatile organic compounds.
Indeed, during acid fermentation, the first phase of anaerobic decomposition of waste, young percolates are rich in
volatile organic compounds. According to study [16], during this phase, the pH values recorded are generally below 4.
As the landfill ages, the effluent becomes depleted in volatile organic compounds. According to study [17], this will
then cause the pH to rise to 7 or more.

The composition of hospital efluents may fluctuate depending on operational and institutional factors. Variations
in water quality parameters can result from the frequency of cleaning operations, the quantity of disinfectants and
detergents used, and the number of patients treated in each department. These factors can modify the load of suspended
solids, conductivity, and nitrate concentrations in the wastewater. In the Kara University Hospital, the increased use
of detergents and bleaching agents, combined with variable water consumption, likely influences both the dilution and
the chemical composition of the effluents. Accounting for these factors helps explain the intra-departmental variability
observed in the results and strengthens the interpretation of pollutant dynamics within the hospital environment.

3.1.4 Suspended solids (SS)

Recent study by Owono et al. [18] showed that SS represent the mineral and organic particles contained in the
effluent. SS oscillates between 41 mg/L and 72.3 mg/L with an average of 58.07 mg/L and a standard deviation of
14.59 mg/L. Figure 9 presents the SS values by service.
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Figure 9. Suspended matter concentration by service

These SS loads measured at the Kara University Hospital are well beyond the WHO standards which set the SS
load limit in discharge effluents below 30 mg/L.
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These values agree with those found in research [19] that noted during the rainy season of 2012 at the Hubert
Koutoukou Maga National Hospital Center in Cotonou (Benin) a suspended matter concentration load of 66 mg/L.

However, they are well below the SS load found during the same study carried out by Fossou et al. [13] in the dry
season in 2012 which noted a SS load of around 116 mg/L. This difference observed between the loads could be
explained by the dilution factor linked to the infiltration of rainwater into septic tanks and hospital wastewater sumps.

These values are also below the SS load found in domestic effluents. Indeed, Tattan et al. [20] noted in 2014 a SS
value of around 917 mg/L in domestic wastewater from the town of Ouargla in Algeria.

3.1.5 Chemical analyzes (nitrates NO3')

Nitrates are the final stage of nitrogen oxidation, and are the highest oxidized form of nitrogen found in water. The
levels recorded vary between 56.68 in the maternity ward and 112.90 mg/L in the medical area with an average level
of 84.79 mg/L and a standard deviation of 20.53 mg/L. This value is well above the maximum concentration accepted
by the WHO (2001) which is 50 mg/L.

Nitrogen is an essential element in the building of the cell. In the aquatic domain, nitrogen exists in molecular (N5)
or ionized form such as nitrates (NOj3), nitrites (NO3 ) and ammonium (NHZ) as well as in dissolved or particulate
organic form (protein, amino acids, urea, etc.). Figure 10 presents the nitrate content of the different services.
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Figure 10. Nitrates by service

These different forms of nitrogen are constantly evolving. They pass from one to the other through physicochemical
and especially biochemical processes. Nitrates represent only one of the multiple forms of nitrogen present in water,
while generally constituting the most abundant form of mineral nitrogen.

3.2 Microbiological Analyzes

As part of this study, four classic microbiological indicators of pollution were analyzed, including total coliforms,
thermotolerant coliforms, sulphite-reducing anaerobes and fecal streptococci.
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Figure 11. Concentrations in sulphite-reducing anaerobes and fecal streptococci

The average concentration of total and thermotolerant coliforms found are respectively of the order of 1.106 and
4.105 CFU/100 mL. These microbial loads are very high in comparison with the concentration of these germs in most
hospital effluents reported by various studies in the literature. For instance, Nya [14] and Kapanga et al. [16] found
2.103 fecal coliforms per 100 mL in the effluent of a hospital in a large city in the South-East of France. Figure 11
presents concentrations in sulphite-reducing anaerobes and fecal streptococci.
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The concentrations obtained are well above the WHO standards which set the maximum discharge concentration
respectively at 5000 CFU/100 mL for total coliforms, 2000 CFU/100 mL for thermotolerant coliforms and 1000
CFU/100 mL for fecal streptococci. Figure 12 presents concentration of coliforms.
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Figure 12. Concentration of coliforms

The concentration of fecal coliforms in a hospital effluent could tell us about the ecotoxicity rate of this effluent.

This is how we could link the high content of fecal coliforms in the effluents of the Kara University Hospital to a
low presence of antibiotics and/or disinfectants.

At Kara University Hospital, all expired pharmaceutical products are disposed of outside the sanitation network.

The quantity of bleach used at Kara University Hospital during the first 6 months of 2016 is estimated at
approximately 12,103 L.

In addition, hospitals are generally large consumers of water and this leads to a dilution of effluent. Consequently,
there is a reduction in the concentration of various bacterial species studied below.

3.3 Comparative Synthesis of Results with Other Studies on Hospital Effluents

The results of this study were compared with those of other research on hospital effluents in order to situate them
in a broader scientific context. This comparison highlighted the similarities and divergences regarding the chemical,
microbiological and physico-chemical composition of the effluents, as well as the associated environmental and health
risks. Table 6 presents a synthesis of these comparisons, facilitating the critical analysis and contextualization of the
results obtained at the University Hospital Centre de Kara compared to other national and international studies.

Table 6. Comparative studies on the analysis of hospital efuents

Total Total Fecal
. Temperature Conductivity Suspended NO3 Coliforms Streptococci
Study/Site ccp  PH  (us/em) Solids  (mgL)  (CFU/100 (CFU/100 Comments
(mg/L) mL) mL)
CHU Kara 279 72 1665 58.1 84.8 1x10° 5 % 103 Rainy season,
(Togo) strong dilution
CHU HKM Diluted
Cotonou-rainy 29.3 7.0 891 66.0 — — — hospital
season (Benin) effluents
CHU HKM Dry season,
Cotonou—dry — — — 116.0 — — — higher
season (Benin) concentration
Rabat-Salé- Maternity
Zemmour-Zaer — — 1500 — — — — ward, high
(Morocco) ionic load
CHU Lyon European
— 74 — — — — —
(France) reference value
Domestic
Ouargla
(Algeria) — — — 917 — — — wastewater
& (comparative)
. WHO
WHO-discharge 3 5555 _ <30 <50 <5 x 10° <1 x 10° guideline
limit
values (2001)
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3.3.1 Temperature and hydrogen potential (pH): Apparent compliance, but mesophilic context

In Kara, the temperatures (27.4-28.3 °C; for an average of 27.87 °C) remain below the WHO benchmark (<30 °C)
and fall within the favorable range for mesophilic microorganisms (20—40 °C); the pH is slightly alkaline (7.1-7.4),
consistent with comparisons (Cotonou = 7.0; Lyon 7.4) and conforms to the WHO benchmark 5.5-8.5. This means
that the physico-chemical environment does not hinder microbial survival, hence the importance of downstream
treatments.

3.3.2 Conductivity: High regional variability, role of dilution

Kara has a low average conductivity (166 ;1S/cm) compared to Cotonou (790-891 11S/cm) and the maternity
hospital of Rabat-Salé-Zemmour-Zaer (1,500 pS/cm). The discrepancy is largely explained by the rainy season in
Kara, with dilution of solutes (and MES/microbes), which artificially dilutes concentrations compared to the low flow.

3.3.3 Suspended solids (SS): Frequent exceedances vs WHO

In Kara, the total suspended solids (avg. = 58 mg/L) exceed the WHO guide value (<30 mg/L), despite seasonal
dilution. The Cotonou data confirm the marked seasonality: 66 mg/L in the rainy season compared to 116 mg/L in
the dry season. In contrast, the domestic waters of Ouargla reach 917 mg/L, illustrating that a hospital discharge can
remain well below certain concentrated urban effluents, but remains non-compliant with the WHO benchmark.

3.3.4 Nitrates: Structural excesses

Kara records average NO 84.8 mg/L (56.7-112.9), above the WHO benchmark (50 mg/L). This signal translates
either a nitrogen input (urea/transformed organic nitrogen) or oxidation conditions favoring the accumulation of
nitrates in the absence of suitable treatment (e.g., denitrification).

3.3.5 Microbiology: Order(s) of magnitude exceedances

In Kara, total (10 CFU/100 mL) and thermotolerant (4 10 CFU/100 mL) coliforms, as well as fecal streptococci (5
103 CFU/100 mL) and sulphite-reducing anaerobes (3.6 103 CFU/100 mL), largely exceed the WHO benchmarks
(total coliforms 5 103; thermotolerant coliforms 2 103; faecal streptococci 10 3). Even if some European studies report
orders of magnitude lower, the local reality (pluvial dilution but high microbial load) calls for reduction measures at
source and appropriate treatment.

Moreover, the physical characteristics of the environment (soil permeability, runoff dynamics, groundwater depth,
density of water sources) can influence the mobility, dilution and bioaccumulation of pollutants from hospital effluents.
Infiltration into the soil or discharge into surface waters can lead to secondary contamination of aquatic ecosystems and
groundwater resources, particularly in areas where these waters are used for human consumption, livestock watering
or irrigation. Studies conducted in Burkina Faso, Morocco, Benin and Cameroon have shown that untreated hospital
effluents can significantly alter the microbiological and chemical quality of nearby rivers, wells and groundwater,
thereby increasing health risks for downstream populations [1, 6, 21-23].

Therefore, although the data from this study indicate significant exceedances of the WHO recommended limit
values, the ecological and health implications of these results should be interpreted with caution. Future research
should include an analysis of environmental transfer pathways linking discharge points to receiving environments and
anthropogenic uses in order to strengthen the external validity and operational relevance of risk assessments related to
hospital effluents in the context of sub-Saharan Africa [8, 9, 24, 25].

4 Discussion

Biomedical wastes pose health risks for patients, accompanying people, the staff and risks for environment
pollution. The correlation between public health, environmental and waste water is proved by the characterization
results physicochemical and microbiological parameters as well as by the management practices. Within the framework
of this study, with regard to the results and norms of WHO waste water, it emerges that the waste water of the Kara
University Hospital Centre carries some risks of human health and the environment pollution. These results go
together with those studies [21, 22], which asserted that the management of biomedical solid and liquid wastes is
insufficient in Togo University Hospitals and represent a potential risk for human health and for the environment.

4.1 Risk on Human Health

The microbiological characterization has revealed the presence of indicator germs of fecal pollution and which are
the signs of the presence of pathogenic germs. Those pathogenic agents present in waste water split up into several
microorganism groups [9]. These mainly includes bacteria, viruses, protozoa and helminths. Those pathogenic agents
can cause serious diseases especially to vulnerable groups particularly (the children, the aged people, people whom
the immune system is weakened) [9, 23]. The hospital population of Kara University Hospital Centre is exposed to
those different risks in three (03) levels especially at the level of production, sanitation network due to malfunctioning
examined at the level of some pits and pipes that are permeable and finally during the final drainage (emptying and
soil enriching) which takes place without genuine protection measures toward workers.
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Table 7 presents the summary of exposed population categories and types of expositions linked to water waste
management of Kara University Hospital.

Table 7. Summary of exposed population categories and types of exposition

Exposition Types
Category of Population Cutaneous Oral Intramuscular Respiratory
(Contact) (Inhalation) (Prick) Way
Nursing staff A A A A
Patients and accompanying A R R R
people
Workers involved in the
. A A . A
emptying
Surrounding populatlons of R - R R
the hospital
Farmers working on fields
enriched by hospital A A ° A
effluents
Surrounding populations in R R R R

the area of rubbish
Note: A: High exposure; M: Minor exposure; ®: Very low exposure.

4.2 Environmental Pollution

The environmental pollution by the hospital waste water of Kara University Hospital Centre occurs at two (02)
levels especially at the level of hospital through the sanitation network and at the level of throwing out sites through
shed muds. At the level of the hospital, hospital effluents pollute the soil, the surface and underground waters by
seepage through sumps and malfunctioning (permeable pits and pipes) examined on the sanitation network. The
atmosphere is polluted by dusts which come from infected soil. Taking into account of dilution factors of waste water
by the rainwater and the filtering role of the soil, the pollution of the soil and surface waters will be more important
than the one of underground water and atmosphere. At the level of tip sites, the hospital effluents loaded being poured
without any treatment, they pollute the soil, the surface and underground waters by drainage of pluvial water and
seepage. As in the first scenario, the atmosphere is polluted from dusts that result from the soil. The level of pollution
is weaker at the level of underground waters and the atmosphere than at the level of soil and surface waters. The
environmental pollution by waste water can be responsible for many impacts among other things, the degradation of
surface waters quality, the degradation of river waters quality, the pollution of underground water.

Thus, the discharge of untreated hospital effluents has implications that extend beyond the hospital boundaries.
In the Kara region, the drainage network and temporary discharge zones are often connected to nearby surface
waters and shallow groundwater that supply local populations with domestic and agricultural water. Infiltration
through permeable soils and runoff during rainfall events can therefore transport contaminants toward downstream
ecosystems and communities. The absence of a dedicated wastewater treatment plant means that hospital effluents can
directly contribute to the microbiological and chemical degradation of surrounding aquatic environments, intensifying
exposure risks for populations living near rivers, wells, or agricultural areas using these waters.

4.3 Degradation of the Surface Water Quality

At the level of the hospital, considering the weak rate admittance of patients and accompanying people to the
sanitation infrastructures (2.99% for the showers and 2.84% for the Water Closets) a quantity of liquid wastes is not
collected by the sanitation network of Kara University Hospital, it is then poured out of sanitation network and pollute
surface water.

The degradation of surface water is greater at the level of throwing out areas with regard to large poured quantities.
The hospital throwing outs considerably affect and pollute the microbiological and chemical quality of water meant
for the production of drinking water and contribute to the eutrophication of streams in Democratic Republic of Congo,
had found the existence of toxic substances in effluents of concerned hospitals establishments and these could have a
harmful impact on the environment [8, 24]. The test/analysis of the river waters in which those effluents were poured
had allowed to confirm those reports [26, 27].

It is obvious that the polluting microbiological load is relatively decreasing due to the dilution factors and the
microorganism also has relatively a short-life in the environment but those infected surface waters are able to cause
diseases linked to germs, viruses, protozoa, etc. The excessive input of nutriment, mainly nitrogen and phosphorus
in waste waters can provoke a contamination of surface waters and lead to their eutrophication (enrichment in
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nutriments). The eutrophication can create environmental conditions allowing the growth of cyanobacteria and algae
which produce toxins.

4.4 Pollution of the Underground Waters

The level of underground waters pollution by waste water depends on the nature of the soil, subjacent rocks
and the depth of the ground water. The sheets relatively shallow are the most exposed to the pollution. The deep
sheets can eventually be contaminated if there is a communication (a drilling for example) with the surface of soil.
As the wastewater of Kara University Hospital Centre do not undergo any treatment before the throwing, their
contribution to the pollution of the underground waters seems obvious. Taking into account certain number of
parameters especially by the dilution, soil filtering and relative short-life of microorganisms in the environment, the
quantity of microorganism that will reach the underground waters will be very weak [3, 28, 29]. However, even if it is
a small quantity of microorganisms, if the conditions are favorable, they can grow in number and cause a serious
health problems seeing that the underground waters are much in demand for supplying with drinking water by the
means of drillings.

In this way, studies [3, 30] conducted in Lomé, Togo, reported some contaminated wells of fecal origin with a
thermotolerant coliforms/faecal streptococci ratio greater than 4. Since hospital effluents in Lomé are managed in the
same manner as those at the Kara University Hospital Centre, it can be assumed that these effluents contribute to the
fecal contamination. The underground waters are then from hospital wastewater and can have enormous risks for the
health on the microbiological as on the chemical plan.

4.5 Characterization and Estimation of the Level of Exposure Risk

Exposure characterization consists of determining the probabilities of contact between the causal factor (stressor)
and the “targets” (receptors). It therefore generally involves the analysis of sources, transfers from these sources and
the distribution of contaminants in the environment. Figure 13 presents the matrix for identifying and estimating the
risk level of each category of person exposed following the stages of liquid effluent management in the context of the
Kara University Hospital scenario.

Wastewater
management steps

Biological Hazards ) Production |

CZETIYEITELE Probability of

exposure

exposed

L

Criticality

fecal streptococci,
spores of sulfitoreducing .
bacteria, multi-resistant germs Nursing staff

multi-resistant germs, viruses, | Kara University
. etc, B B HosP'?y;?:nv:erage J Patients and accompanying persg

Chemical hazards
Disinfectants. detergents,

chlorinated solvents, heavy &  VVorkers involved in the operation
metals (Ag, Cu, Cr, Hg, Ni,

etc.), drug residues,
: Disposal |

Nursing staff

Fertilizing fields
with septage

Riverside populations of
rubbish tip areas

Peasants responsible for
cultivating the fields

Figure 13. Risk level identification and estimation matrix on a scale of 4

The analysis shows that all categories of exposed people run risks both biologically and chemically. However, the
estimation of the level of criticality of the risks highlights the most exposed categories and the circumstances in which
these people are exposed.

4.6 Recommendations

The health risks associated with different biological and/or chemical elements from hospital effluents are an
emerging public health problem that is important to address. This threat is essentially twofold:
* The survival of micro-organisms in outdoor environments and any mutations they may undergo;
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* Chronic and multiple exposures through water and food, low doses of heavy metals and drug residues.

The data collected made it possible to estimate the level of exposure of the various actors and the situations in
which they are exposed in the specific case of University Hospital Centre Kara. The following recommendations are
therefore made.

* Quantification and characterization of chemical substances used in each department. Indeed, improving
knowledge of the formulations of substances and the quantities used per service would allow a better management of
these substances;

* Information, awareness and training of hospital staff, emptying agents and farmers who use hospital effluents to
correct the biological and chemical hazards associated with hospital effluents;

* Use of biocides, bio or reduced toxicity when possible;

» Equip workers with appropriate personal protective equipment ;

e Carry out the vaccination follow-up of workers;

« If possible, reduce the frequency of emptying by resizing the maternity and surgery pits if STEP is not
immediately implemented;

* Revitalization of the health and safety committee at University Hospital Centre Kara;

* Setting up and monitoring the operation of a hospital wastewater treatment plant.

5 Conclusion

This study addresses the issue of characterizing and evaluating the risks associated to the discharge of effluent
from the Kara University Hospital. The research primarily focused on identifying the nature of pollutant loads and
assessing their impacts on both human health and the environment.

The determination of certain classic physicochemical pollution parameters (pH, temperature, conductivity, SS,
nitrates, absorbance 254 nm) and microbiological (total coliforms, thermotolerant coliforms, faecal streptococci,
sulphite-reducing anaerobes) allowed the estimation of the exposure levels of the different actors to risks linked to the
management of these effluents. Biomedical waste in Togo’s university hospitals is a source of environmental impact
and risks for human health.

The nursing staff, the sick and those accompanying them, the workers responsible for emptying and those
responsible for the exploitation of soil amended by hospital effluent are the most exposed considering all the stages
of hospital effluent management in the Kara University Hospital scenario. It should be noted, however, that the
study revealed that the populations surrounding Kara University Hospital and those surrounding landfill sites are also
exposed.

This research contributes to enhancing the understanding of hospital effluent management at Kara University
Hospital and calls for greater attention from both health and municipal authorities, urging the establishment of
appropriate treatment systems for hospital effluents.

The project to rehabilitate the Kara University Hospital with the installation of a wastewater treatment station and
the project to build a sewage sludge treatment station in Kara offer some hope for improving the management of
liquid waste at the Kara University Hospital.
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