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Introduction:-

The management of waste generated by hospitals, whether solid, liquid
or gaseous, is a real problem given the risk it represents for human
health and the environment. In order to contribute to the improvement
of the management of Biomedical Waste (BMW) in health structures in
Benin, a study was carried out at the hospital "La Croix" in “Zinvie” in
2014 on 105 individuals then resumed with 90 individuals in 2020.
Qualitative and quantitative methods were used. The data collection
instruments are the interview guide, the observation grid, the
questionnaire and the laboratory analyses. From the results obtained, it
appears that only 0.38% of the center's liquid biomedical waste
(LBMW) is produced at the level of its various departments and
constitutes infectious waste. This waste is then mixed with water
similar to domestic water and discharged into the environment after a
summary treatment with bleach while the values of their physico-
chemical parameters (BODs, COD) exclude all self-purification
hypothesis. In addition, approximately 37302 tons of infectious solid
waste and 86 kg of anatomical waste are produced and managed each
year in the center. Sorting at source, which was poorly done in 2014, is
increasingly done in compliance with the legislation. It is therefore
urgent to generalize this practice in hospitals in Benin, to promote the
installation of LBMW treatment stations and/or to recommend a
categorical treatment of the latter for better environmental protection.

Copy Right, 1JAR, 2023,. All rights reserved.

Like all chains of human activity, health care generates solid, liquid and gaseous waste which dangerously
compromises the balance of ecosystems [1]. The management of all waste deserves to be carried out under
appropriate conditions to prevent it from becoming a source of disease. In a hospital environment, poor management
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of biomedical waste is therefore detrimental not only for the nursing staff but also for the patients, nurses and
surrounding populations.

Numerous scientific works carried out in recent years on the methods of managing biomedical waste have
demonstrated the interest that health professionals, scientists and the public authorities attach in particular to the
protection of the environment and public health in general [2,3]. This awareness has imposed itself on everyone with
the appearance of new micro-organisms (viruses, bacteria, parasites and prions) and has evolved with the progress of
medical techniques and the appearance of rules of asepsis [4]. Hundreds of millions of health care users contract
infections each year, and 15% of patients develop one or more infections during hospitalization [5].

In most developing countries and more specifically in Africa south of the Sahara, waste management appears to be a
disaster. A 2002 WHO survey of 22 developing countries found that the proportion of healthcare establishments not
applying appropriate waste disposal methods varies between 18% and 64% [6]. In their work carried out within five
hospital structures in Dakar, Senegal, Ndiaye et al., affirm that we are witnessing irresponsible management
methods which can be explained by the fact that the structures are unaware of the different stages that include the
management of solid biomedical waste or do not put substantial resources into it [7]. These authors specify that for
the pre-collette and collette phases, most health facilities use plastic bins, often without lids, or even buckets. It is in
this same dynamic that the conclusions of Mbengue, quoted by Justin in 2016, show that in the countries located in
West Africa, the management of solid waste was hopeless, chaotic and represents a permanent danger for man and
his environment while the WHO continues to popularize the stages of treatment of DBM [8]. The results of a study
carried out in India by the World Health Organization show that it is essential that sharp and prickly objects of an
infectious nature be deposited in resistant containers then disinfected and "destroyed™ in order to ensure the safety of
workers, and more broadly, of the entire community [6].

As for the management of wastewater in hospital environments, some authors have stated that this water can contain
dangerous chemical substances, pathogens and radioisotopes that can constitute a chemical, biological and physical
risk for public health and the environment [ 9,10]. These effluents from the hospital environment, unlike those from
the urban environment, contain various toxic or persistent substances such as pharmaceutical products,
radionuclides, solvents and disinfectants [11]. Some authors have pointed out that the concentrations of
micropollutants (antibiotics, analgesics, heavy metals) in hospital wastewater are 4 to 150 times higher than those in
urban wastewater Verlicchi cited by [12]. The poor management of biomedical waste then constitutes a real public
health problem because it is a potential source of disease.

In Benin, the situation is as catastrophic in hospitals as in other sectors [13,14]. These health facilities become
dangerous places due to the high risk of transmission of pathogens to staff, patients and other users. The nursing
staff, a priori, has a level of knowledge but, in practice and without follow-up, the behavior of these agents leaves
something to be desired. A lot of work has been done on the subject but very little has been interested in the
characterization and especially the quantification of the waste produced by hospitals. This study focused on the
evaluation of the management of biomedical waste in a center that is not leftovers in Benin aims to improve
practices in the management of DBM in health structures for the protection of man and of its environment.

Materials And Method:-

Presentation of the framework of the study

Located in "Yevie", district of "Zinvie" (municipality of Abomey-Calavi), the hospital "La Croix" is located
between 659° and 635° North latitude and between 236° and 221° East Longitude. Still called 600", this hospital
was inaugurated on May 5, 1980. Its challenge is to ensure the continuity of quality care not only for the local
population but also for the sub-region because of its services led by surgical missions. It has about 277 beds
distributed in several hospital departments. Its technical platform is made up of a radiology and ultrasound
department, laboratories (biochemistry, microbiology, hematology and serology which houses the blood bank), an
operating theater equipped with a sterilization room, a pharmacy, a maternity ward, an emergency department, a
physiotherapy/isolation department, a paediatrics/neonatology department, three surgery departments A, B, C, a
dressing department, a chaplaincy, a medicine and an administrative block.
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Figure 1:- Geographical location map of the hospital “La Croix” in Zinvié.

Nature of the study and sampling technique

This study is cross-sectional, descriptive and analytical in nature and took place from December 2013 to March
2014 and then from September to December 2020.This study is cross-sectional in nature, descriptive and analytical
in nature and took place from December 2013 to March 2014 and then from September to December 2020. Three
different methods and techniques were implemented in the survey phase i) the method probabilistic sampling with
the simple random technique for health workers (doctors, nurses, midwives, laboratory and radiology technicians
and nursing assistants), patients and nurses, ii) the non-probability one with techniques by convenience for the
various services and the authorities of the center, and iii) the method of exhaustiveness for the cleaning agents. To
carry out this survey, the various services were listed and then the personnel were identified by category. Data was
collected from 105 individuals in 2014 and 90 in 2020.

Sample collection and analysis

Weighing of solid waste was carried out weekly for infectious waste and monthly for anatomical waste. The
different garbage bags from the collection at the level of the different departments after sorting the waste at source
are hung on a "Diamond" brand scale to measure the weight of the waste. Wastewater (discharges from the various
devices, floor maintenance water, washing or rinsing water from devices/equipment, hand washing water, liquids
sucked up during interventions and others) were collected in plastic buckets and then measured using a 1000mL
graduated cylinder. The samples intended for the physico-chemical analyzes were taken in 1.5 L polyethylene
bottles which had been washed and dried beforehand and then transported to the laboratory in thermostat coolers.
The samples from the laboratory and the operating room were each combined into a composite sample after the
various collections of the day. For the microbiological analyses, 25mL of waste water was collected in various
sterile tubes and conveyed to the laboratory. The pH measurement was carried out " in situ " using a previously
calibrated OHAUS brand pH meter. Total nitrogen (TN) was determined by the Kjeldahl method, Biochemical
Oxygen Demand (BOD5), Chemical Oxygen Demand (COD), and Total phosphorus content were evaluated
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according to French standards [15]. The evaluation of the microbiological quality of the samples taken consisted in
counting the bacteria indicating contamination of fecal origin and in detecting the presence of pathogenic bacteria
using standardized methods [16,17].

Results And Discussion:-

Solid Biomedical Waste Management (SBMW)

One of the problems noted in the SBMW management circuit in many hospitals in Benin is that of sorting at source
[3]. However, this categorization of different waste conditions their best treatment [18]. Figure 1 shows the behavior
of the staff at the hospital "la Croix™ with regard to this prescription.

Figure 2. Comparative graph of the existence of sorting at source

In 2014, 88% of cleaners in charge of SBMW collection said that sorting at source was not well done. In 2020, on
the other hand, we note a reversal of the trend. According to the same actors, only 23.1% of agents continue to
neglect source separation (see figure 1).

The means of collecting the SBMW were made of plastics of all kinds and for the most part without lids (see figure
2). While the majority of services had yellow bins to collect sharp and sharp objects, the other types of waste did not
benefit from any categorization.

Figure 3:- Bins without lids for all categories of waste (FOSSOU 2014).

At the end of the 2014 work, recommendations had been formulated for the authorities of the center and a few
awareness sessions had been organized on good management practices for BMW. The application of these
recommendations in accordance with the convention on the categorization of waste [18,19] and sorting at source
have led to the creation of a hygiene service whose activities have had a very positive impact on the management of
SBMW at the hospital "La Croix™ (figure 3). However, contrary to what is observed in Figure 4, the room serving as
the SBMW warehouse should be secure, locked, easy to clean, well lit, airy and made inaccessible to all strangers

[7]1.
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Figure 4:- Trash cans labeled and provided with a collection bag (FOSSOU 2020).

Figure 5:- Building used as a waste storage site (FOSSOU 2020)

In the table 1 we therefore note an improvement in the management of the center's SBMW after our work in 2014,

followed by awareness-raising.

Table 1:- Comparative table of SBMW management methods from 2014 to 2020.

Comparison criteria

Management in 2014

Management in 2020

SBMW collection means

Garbage cans of all colors with
collection of waste and safety box for

Bins and bags of different colors: red
(anatomical waste), yellow (infectious

sharp objects (figure 2) waste) and black (household waste) and
safety box for sharp waste (figure 3)
Existence of intermediate storage | NO YES (Figure 4)
points
Transport of SBMW  to | Withacart By hand or with wheelbarrows
processing points
SBMW processing e Open-air incineration (in a pit) | e Open pit incineration (in a pit)

for household waste and infectious
waste from all departments except the
operating theatre.

e Incineration of sharp objects and
infectious waste from the operating
room.

exclusively for household waste

e Storage of sharp objects and
infectious waste from all departments
in a hut provided as an intermediate
storage point for incineration.

e Treatment of anatomical and
infectious waste by an external
structure when the center's incinerator
is down.

Existence of a hygiene service
and a committee to fight
nosocomial infections

NO

YES

For better management of the waste produced by the center and an evaluation of the cost of this management, a
quantitative analysis of these wastes was necessary. Weighing carried out at intervals of time on the stored
infectious and anatomical waste made it possible to estimate their annual production in the center (see table 2).

Table 2:- Quantity of infectious and anatomical waste produced by the hospital "La Croix".

Category

| Average weekly quantity | Average

monthly | Annual quantity (Kg) |

1721




ISSN: 2320-5407 Int. J. Adv. Res. 11(01), 1717-1725

(Kg) quantity (Kg)
All infectious waste 811.85 3108.5 37302
Anatomical waste Not assessed 86.16

The weekly production of solid infectious waste at the level of the various departments is thus evaluated at 811.85
kg, or more than 37 tons per year. As for the anatomical waste, essentially consisting of amputated organs and
extractions of fibroids, cysts or embryos in the event of ectopic pregnancies, are evaluated at 86.16 kg. Some of this
waste being carried away by certain patients or their parents for sociological reasons, the rest is kept in the
refrigerator and then incinerated periodically.

In the event of a breakdown of the center's incinerator, infectious and anatomical waste is transported to a private
partner structure for incineration through a contract. This treatment contract has a cost (approximately 700 euros)
that the center had to include in these charges for the well-being of staff, users and surrounding populations. The
values found for solid waste are much higher than those previously published by Sanogo M. et al [20]. who carried
out their study Gabriel Toure Hospital (Mali), a reference center in Mali. The difference observed could be due to
the difference in attendance linked to the demographic increase but also to the technical platform of the two centers
or to the fact that these authors had to carry out their study during a period of almost effective cessation of the
activities of the laboratory for lack of consumables.

Liquid Biomedical Waste Management
The total annual volume of liquid effluents produced by the various departments of the center amounts to 132,276 L
and is recorded in table 3.

Table 3:- VVolume of liquid biomedical waste produced by department.

Service categories Laboratory | Mater Operating Other All services
nity room services * combined

Average daily volume (L) 90.6 51.23 45.22 175.35 362.4

Annual volume (L) 33069 18698.95 16505.3 64005 132276

* (Radiology and ultrasound, emergency, physiotherapy / isolation / ophthalmology, pediatrics / neonatology,
surgery A, B, C, dressing, and medicine).

While the laboratory alone produces 25% of the operational rejection of all services, the maternity ward and the
operating theater together produce approximately the same rate. And all the other services (radiology and
ultrasound, emergency, physiotherapy/isolation/ophthalmology, pediatrics/neonatology, surgery A, B, C, dressing
and medicine etc.) produce the remaining 50%. On reading these results, the different departments of a hospital
center can be classified into three main categories, namely: high-production departments (laboratory), medium-
production departments (maternity and operating theatre) and low-production departments. Although significant,
this total annual volume of liquid effluents resulting from the operation of the various departments of a hospital
center represents only a part of its liquid discharges. In order to determine the proportion occupied by this volume in
the overall volume of the center's wastewater, a quantitative analysis is necessary.

According to the work of various authors, wastewater represents approximately 80% of the water consumed in the
domestic environment [21] and 80 to 90% in hospital environment [22,23]. Considering the average of these values,
it is possible to determine the total quantity of wastewater.
Vwastewater =0.85x Vwater consumed Eqn-l
Moreover, in developing countries, the volumes of water consumed in hospitals are around 500 liters per bed per
day Laber et al. para, 1999 cited by [24] hence the daily quantity of water consumed per center can be evaluated:
Vyater consumed = Q X N Eqn.2

where Q represents the quantity of water per bed per day and N the number of occupied beds.
If we estimate the number of beds occupied at 80% of the existing one, we can deduct from the two previous
equations the volume of wastewater produced by the center.

Viwastewater = 0.85X0.80XxQ x N Eqgn.3
Knowing that there are 277 beds at the hospital "La Croix", the total volume of wastewater produced by this center
can therefore be estimated.
Vwastewater = 0.85 % 500 x 277 x 0.8 = 94180L/J
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Thus, 94180L of wastewater are produced daily by the center of which only 362.4L come from the operation of its
various services. The volume of wastewater discharged for the operation of the center therefore represents only a
tiny part, i.e. 0.38%, of the total volume of discharge calculated.

The results of Physico-chemical analysis of these liquid effluents sampled at different points in the center can be
found in table 4 and reveals their non-biodegradability.

Table 4:- Average values of the physico-chemical parameters of the LBMW sampled in 2014.

Sampling location | pH BODs CoD COD/BODs TN TP
(mg/L) (mg/L) (mg/L) (mg/L)
Standars [25] 6 -9 <30 <125 2-3 15-30 2-10
Inside the laboratory 9.59 100.00 4380.00 43.8 14.50 11.50
Inside the block 6.69 210.00 1600.00 7.61 129.40 04.50
Sump 6.34 131.00 780.50 5.96 06.50 03.00

Source: field data, 2014

Almost all the values obtained in 2014 are out of range. The pH varies between 6.34 and 9.59, BODs between 100
and 210mg/L, and COD from 780.50 to 4380 mg/L. The minimum and maximum values for total nitrogen are
respectively 61.04 and 280mg/L. Total phosphorus oscillates between 7.31 and 49.02 mg/L. These values recorded
in 2014 have changed somewhat in 2020 (see Table 5).

Table 5:- Average values of the physico-chemical parameters of the LBMW sampled in 2020.

Sampling location | pH BODs; [COD [ COD/BOD; TN TP
Inside the laboratory 10.29 | 2200.00 | 6480.00 2.94 280.00 | 49.02
Inside the block 6.69 | 82.00 140.00 1.71 101.30 | 16.28
Sump | 6.61 | 66.00 100.00 1.51 61.04 [7.31

Source: field data, 2020

The values of the physico-chemical parameters of the water samples collected in 2020 remained for the most part
deviated from the normal values for the discharge of wastewater into the environment [25,26]. The considerable
difference noted between the values of 2014 and those of 2020 on the laboratory samples (100mg/L and 2200mg/L)
could be explained by the increase in the number of patients and therefore of laboratory activities. The COD/BOD5
ratio, which indicates the biodegradability or otherwise of the effluents, shows values that are well above the
standard in places. The high levels of nitrogen and phosphorus show the potential danger that these effluents
constitute for the environment. These results agree with those of various authors [27,28,29] who reported a
significant difference between the standard and the values of the physico-chemical parameters measured. Analysis
of this table shows that the wastewater collected from inside the laboratory and the operating theater is more loaded
with organic pollutants than that from the sump. This observation can be explained by the fact that this water with its
loads is found diluted by the large quantity of wastewater coming from other services (equipment and hand washing
water) and sewage from hospital wards. Given the small volume of liquid waste from the operation of services and
its high load compared to liquid effluents similar to domestic wastewater, a categorical treatment of LBMW would
reduce the cost of managing this waste and would certainly constitute a motivating factor for hospital centers for
adequate management of the latter. Thus, the liquid effluents from the operation of the services (i.e. less than 1% of
the total LBMW produced by the center) may be the subject of special treatment " in situ " or outside by an
approved structure and the effluents liquids similar to domestic wastewater (more than 99% of the total LBMW
produced) may undergo the usual treatment reserved for domestic effluents.

The microbiological analysis carried out on the samples taken from the sumps in 2014 and then in 2020 revealed as
shown in table 6 the presence in these effluents of a few pathogenic germs.

Table 6:- Microbiological quality of LBMW sampled in 2014 and 2020.

Type of Year Direct Gram(-) bacteria(s) identified | Gram(+) bacteria identified
Sampling examination
Wastewater 2014 Leukocytes Klebsiella pneumoniae Staphylococcus aureus
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from sumps Yeasts

2020 Yeasts Klebsiella pneumoniae;
Escherichia Coli

Source: 2014 and 2020 field data

We note the presence of some bacteria responsible for nosocomial infections such as Klebsiella pneumoniae and
Escherichia Coli. These results agree with those of Chitnis et al., [30] then Guessennd et al., [31] who respectively
detected in hospital effluents the presence of pathogenic bacteria such as Salmonella, Shigella, Enterobacter and
multi-resistant bacteria.

Conclusion:-

Carried out over more than six years, this study aimed to evaluate the management of BMW in hospitals in Benin.
The quantification of the various wastes (solid and liquid) and the physico-chemical and microbiological
characterization of the liquid effluents from various departments and the discharge sump of the hospital “La Croix”
show poor management in 2014 with a significant improvement in the management of SBMW in 2020. As for liquid
waste, their management leaves something to be desired and deserves special attention from both center users and
decision-makers. Indeed, almost all the average values of the physico-chemical parameters measured are higher than
the international standards for wastewater discharge recommended by the WHO. At the microbiological level, we
note the presence of several pathogenic germs potentially responsible for nosocomial infections. From a quantitative
point of view, less than 1% of waste water is produced by the various departments of the center for their operation
and is mixed with the wastewater from the hospital departments. Categorical management of these liquid effluents
from the various departments would therefore constitute a possible alternative for a good intake at a reduced cost of
LBMW in hospitals with a view to better protection of man and his environment.
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