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Abstract
[bookmark: _Hlk168330996][bookmark: _Hlk168331177]Objective: The growth and expansion of the healthcare industry is associated with the production of large amounts of waste. It is unclear whether healthcare facilities are applying sustainable waste management strategies that promote a circular economy. This study synthesizes evidence on the extent to which healthcare facilities have adopted sustainable strategies to support a circular economy in waste management.
Methods: A systematic review was conducted following PRISMA guidelines. A comprehensive literature search of PubMed, Scopus, Semantic Scholar, and ScienceDirect databases was performed for studies published between 2020 and 2024 using relevant keywords.
Results: A total of 32 studies (n = 32) were included in the review. The findings revealed significant deficiencies in healthcare waste management practices. Common issues included poor implementation of waste segregation using color-coding systems, inadequate storage and collection methods, limited on-site transport equipment, and manual offsite transport. Staff training and compliance with guidelines were also insufficient. Incineration often using substandard equipment and open burning were the predominant waste treatment methods. Only eight studies reported some integration of circular economy practices, such as reuse and recycling approaches to waste management.
Conclusion: This review identifies a significant gap in knowledge and practice regarding the application of circular economy principles in healthcare waste management, highlighting the urgent need for improved protocols and sustainable practices in healthcare settings.
Keywords: Healthcare waste management; Medical waste; Circular economy; Waste treatment; Waste disposal; Hazardous waste; Infectious waste.

Introduction
Healthcare waste management is an important part of healthcare delivery that involves the appropriate treatment and disposal of waste generated in healthcare facilities. [1] In today's world, waste management in the healthcare sector is great concern, largely owing to the ever-increasing demand for healthcare services and the increased growth of the healthcare industry, which has led to a significant increase in the volume of healthcare waste produced. [2-3] It is estimated that 85% of all the healthcare waste generated in hospital settings are general (non-hazardous waste) while 15% are hazardous and capable of causing a number of health and environmental risks.[4] The healthcare waste is made up of general or non-specific waste such as bottles, papers, plastics, foods, etc., infectious, or hazardous waste stemming from pathological waste (such as bodily fluids, surgical specimens, organs, humans, and animal tissues), pharmaceutical wastes (unused and expired drugs, etc.), and sharps such as needles and syringes. [5] The growth and expansion of the health industry is associated with substantial increase in the production of waste. It is, therefore, essential to identify and apply sustainable strategies that not only reduce the effect on the environment but also promote a circular economy. [6-7] 
Proper healthcare waste management plays a significant role in ensuring that patients, waste handlers, health workers, and the environment are protected. [8] Improper handling of healthcare waste poses significant health risks such as transmission of infectious diseases such as HIV, Hepatitis B and C, bacterial and viral infections. This is often a result of poor handling of infectious or hazardous wastes. There is also a risk of exposure to chemicals, such as those that originate from improper disposal of pharmaceuticals. [9-11] Inefficient management of healthcare wastes also accentuates climate change, increases greenhouse gas emissions, and affects community health. [10] Despite the crucial role that healthcare waste management (HCWM) plays in safeguarding humans and the environment, current waste management practices in healthcare often fall short in terms of being environmentally sustainable and economically efficient. Previous studies have reported a lack of segregation practices, indiscriminate dumping of general and hazardous waste [12] Also, there are insufficient technology for waste treatment and disposal [13], and absence of staff training and proper guidelines. [14]. The incineration of hazardous waste are associated with health risks to the operators who are exposed. [15]. Medical waste incinerators emit a large amount of greenhouse gas (GHG) emissions that are detrimental to health. [15]. Other barriers to proper handling of HCW include poor understanding and compliance with medical waste management guidelines, a lack of regular training for healthcare workers, inadequate infrastructure, and inadequate waste management equipment. [16-17]
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Figure 1: Circular economy cycle
The concept of a circular economy (figure 1) emphasizes the importance of reducing, reusing, and recycling resources to minimize waste generation and maximize resource efficiency [18]. For many years, healthcare waste management has conventionally relied on a linear economy (figure 2). It is now necessary to switch to a circular economy, which is a sustainable alternative. The justification for the transition to CE can be ascribed to the negative effects of the linear economy on the environment and public health, which include excessive waste generation and dumping of harmful waste that contaminates the environment, and the economic disadvantages - shortage of raw materials coupled with high demands will lead to a rising cost of commodities and will ultimately impact the international markets. [19-20]
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Figure 2: Linear Economy
Implementing the principles of circular economy in medical waste management brings forth benefits, such as saving costs (by moving from single-use products to reuse and recycling), improving patient safety, and reducing waste and its impact on the environment, such as loss of biodiversity and climate change. [19] 
A systematic review of healthcare waste management in various health facilities in line with the application of circular economic principles is lacking. Thus, this systematic review aims to examine the available literature regarding healthcare waste management practices, with a focus on the integration of circular economy concepts in the management of healthcare waste. Identifying medical waste management gaps and the level of circular economy integration in waste management will help managers, policymakers, healthcare administrators, and other stakeholders identify opportunities for improvement, ensuring the safety of health workers, waste handlers, patients, and the environment, as well as promoting sustainable solutions in healthcare waste management. 
The review questions are:
1. What are the current practices in healthcare waste management (waste segregation, storage, collection, and transport methods in healthcare facilities, waste treatment methods and compliance with standard guidelines)?
2. To what extent do healthcare facilities adopt reuse, recycling, and other circular economy strategies to manage waste?
3. What is the level of staff training, adherence to guidelines, and overall waste management practices in healthcare settings?
4. What recommendation can be made for improvement in waste management in healthcare setting?
Method
This protocol was prepared using the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines 2021 [21].
Eligibility Criteria and Search Strategy
Full-text papers published from 2021 to 2023 were searched in the PubMed, Scopus, Science Direct, and Semantic Scholar electronic databases. We reviewed only original research published within 5 years date range between 2020 and 2024 on healthcare waste management and any of the circular economy practices (accurate waste segregation, recycling, reducing, reusing, waste minimization), management of waste generated in health facilities both public and private, including hospitals, clinics, maternity centers, diagnostic centers, nursing homes, rehabilitation centers, dialysis centers, ambulatory surgical centers, and mental health clinics), and we did not encounter any language restrictions. Articles that adopted both qualitative and quantitative research designs were also considered. Studies that were not original research, such as reviews, editorials, meeting abstracts, commentaries, and online articles were excluded. Also excluded were articles that focused on other kinds of waste apart from HCW and HCW management as well as papers published outside the publication range. The search strategy was conducted in July 2023.
The following keywords were used to retrieve relevant articles from the databases.
PubMed: “Healthcare” OR “Medical” OR “biomedical” OR “Hospital” “Hazardous” OR “Clinical” OR pharmaceutical” AND “waste” AND “Management” AND “practices” NOT “Review” NOT “Systematic Review” NOT “Covid-19” NOT “Pandemic” NOT “Household waste”
Scopus: “Healthcare OR medical OR biomedical OR hospital AND waste AND management AND practices.”
Science Direct: “Healthcare OR Hospital OR Medical waste and Management AND Practices”
Semantic Scholar: “Healthcare waste management practices”
A reference manager (Endnote, version 21 Clarivate Analytics, Philadelphia, USA) was used to manage the retrieved literature and to check for duplicates.
Data Screening and Extraction
The eligibility criteria were used as a guide for the entire screening process. The methods used to determine whether a study met the inclusion criteria were as follows: 
From the search engines, records were independently screened for eligibility by the first reviewer, followed by the second reviewer. The third reviewer checked whether there were any discrepancies between the two reviewers. Eligibility was confirmed by the third reviewer in order to be included and the source of the citation tracked. A copy of articles that met the inclusion criteria based on the title and abstract screen was obtained for full-text review. Full version of articles that could not be assessed for relevance based on title and abstract screening were also obtained to determine eligibility based on full-text screening. 
The data extracted from all included studies is shown in Table 1. Two reviewers independently collected the following data from each report:
(1) First author and publication year, (2) country; (3) study design, (4) study participants (5) method of data collection/study instrument; and (6) main findings/waste management practices. (7) Circular economy practices, (8) Compliance with guidelines, (9) Staff training. The final decision for inclusion or exclusion was made by all reviewers through discussion and consultation to reach an agreement.















Table 1: Characteristics of studies included
	First author and publication year
	Place of study
	Study Design
	Study participants
	Data collection method
	Key Finding 
	Availability of and Compliance with guideline
	Staff Training

	Adekemi 2024 
[12]

	Ondo, Nigeria
	Cross sectional 
	260 Health care workers (HCW)

	Questionnaire survey
	 indiscriminate dumping of infectious wastes and poor handling observed. Most of the wastes were not properly segregated, indicating a lack of proper waste management practices.

	indiscriminate dumping of infectious wastes indicated lack of compliance with waste mage guideline
	Inadequate training for waste handlers

	Houssain 2022  
[13]
	Gopalganj Sadar, Bangladesh
	Cross sectional
	120 participants 
	Focus group discussion and questionnaire survey.
Field visits
Interviews with HCW and staff
	There was a lack of proper segregation and collection systems in place.  No separate storage containers for medical waste, absence of adequate dustbins, collection and transportation methods used for medical waste not provided.
inadequate dustbins, and inadequate technology for waste treatment and disposal 

	Absence of proper guidelines.  
	lack of trained and adequate labour in dealing with medical waste properly. 


	Abanyie 2021

[14]
	Tamale, Ghana
	Cross sectional
	193 participants comprising of 160 patients 
33 healthcare workers 

	Interviews and observation

	Lack of Segregation between infectious and non-infectious waste. along with insufficient treatment of healthcare waste before disposal which posed health and environmental risks
Lack of a functional incinerator. As a result, a hand dug pit was used for waste disposal. 
	
Low level of compliance to national and international waste guidelines
	 A significant proportion (72%) of the health workers had not received any education or training on HCWM.

	Adu 2020

[15]
	Ghana
	Cross sectional
	250 health workers
	Observation, questionnaire, focused group discussion
	Cross-contamination due to poor waste sorting practices and the lack of consistent color coding for separate waste types. Contaminated sharps were segregated into brown safety boxes, but color coding for other infectious waste containers was inconsistent among the health facilities.
	No information provided
	No information provided

	Atia 2021 [16]
	Tripoli, Libya
	Cross sectional
	128 Pharmacists
	Self-administered questionnaire
	Majority of the Pharmaceutical wastes were disposed through the rubbish bin (53.1%), burn (17.2%), and drug wholesalers (14.8%)
	Only 2.1% of the respondents followed the WHO guidelines completely for drug disposal, indicating a low adherence to recommended practices.
	Poor knowledge about the take-back program for drug disposal
 Indicate absence of staff training among pharmacists

	Lemma 2021 [17]
	Jimma, Ethiopia
	Cross sectional
	Not mentioned
	Observational checklist and Interviews
	Healthcare waste segregation by type was at the point of generation was limited, with mixed medical waste being collected and transported using substandard open plastic bins. The incinerator at was operated at a low temperature, leading to high peak average concentrations of pollutants like PM2.5, PM10, total VOC, NO2, and SO2, which exceeded permissible levels.
	Not specifically mentioned
	Lack of regular training on HCWM for all staff and waste handlers. 

	Afesi-Dei, 2023
[24]
	Volta region, Ghana
	Cross sectional
	100 
Health care workers
	Observation and questionnaire administration
	Waste not segregated at source and colour-coding system not strictly followed.  

	Overall, there is poor compliance with guidelines

	Staff had received training on HC waste management. 



	Charbonneau2021
[25]

	Massachusetts, United States
	Prospective study
	89 diabetic patients
	Questionnaire survey 
	Lack of segregation in the disposal of sharps. Disposal is by discarding sharps into the garbage without a designated sharps container, and using an improper container for sharps material (i.e., not leak proof or puncture resistant. Thirty-three respondents (37.1%) properly disposed of sharps containers at designated facilities, whereas 11 (12.4%) reported keeping full sharps containers at home because they did not know how to dispose of the containers, and 20 (22.5%) disposed of sharps containers in their home garbage receptacles.
	Lack of compliance with the guidelines
	There are significant gaps in sharp disposal despite prior training
57.3% did not receive or were unsure about receiving training on sharps disposal


	Agyekum 2022

[26]
	Cape Coast Ghana
	Cross sectional
	327 Healthcare workers
	Questionnaire survey
Observation
	The level of knowledge among healthcare workers regarding health hazards associated with medical waste management was good, but the arrangements for managing medical waste at the facilities were inadequate. compliance with occupational health and safety guidelines was reported to be high among the healthcare professionals

	Good staff knowledge of medical waste management. However, there is a low level of adherence to medical waste management guidelines and non-availability of guidelines in a facility
	Training was a strong predictor of medical waste management. 


	Aworh 2022

[27]
	Abuja, Nigeria
	Cross sectional
	105 health workers
	questionnaire, interviews, Observation,
checklist
	Some form of waste segregation being practiced. Lack of waste recycling practices in both hospitals assessed. Use of safety boxes for sharp collections and disposal when two-thirds filled, in accordance with WHO regulations to ensure proper securing of sharps.

	Poor knowledge of waste management practices indicated poor compliance with guidelines
	Poor staff training on management of healthcare waste.


	 Chowdhury 2021
[28]
	Sylhet City, Bangladesh
	Cross sectional
	105 health care workers
	Field Observation, Questionnaire survey and Interviews
	Wastes collected, stored, and transported, without segregation or treatment, increasing risk of contamination. Private health Facilities exhibited better waste management practices compared to government health facilities. 

	No compliance
	Lack of staff training. Lack of authority to supervise HCWM.

	Dixit 2021 [29]
	Uttar Pradesh, India
	Cross sectional
	Not mentioned
	Questionnaire survey and interview
	 Non-segregation of waste at the point of generation and the non-availability of color-coded bins was prevalent in all health facilities. Lack of proper equipment for waste management and insufficient budget allocation to procure one.
	Availability of guidelines but compliance with guidelines on biomedical waste management not satisfactory
	Lack of staff training

	Endris 2022
[30]
	Addis Ababa, Ethiopia
	Cross sectional
	362
Comprising 298 medical laboratory workers and 64 waste handlers
	Seif-administered questionnaires 


	About 74.3% of medical laboratories had proper health care waste management practices which was associated with factors such as knowledge of waste management policies and guidelines, staff training, and availability of financial resources allocated to waste management.
	There is good compliance with waste management guidelines
	Majority of the waste handlers had received biomedical waste management training

	Gueriri 2023 [31]
	Tangier, Morocco
	Cross sectional
	100 healthcare workers
	Questionnaire survey

	
Majority of the HCW accurately categorized waste into color-coded containers. However, the practice is below average. Health care workers in facilities showed gaps in knowledge about efficient procedures of waste handling and separation.
	a lack of monitoring and control system contributing significantly to noncompliance with good practices. 

	Deficiency of staff training

	Ibrahim 2023

[32]
	Dire Dawa, Ethiopia
	Cross sectional
	280 healthcare workers
	Questionnaire and observational checklist
	Proper wastes segregation was practiced which was significantly associated with guidelines and instructive posters on healthcare waste segregation, being trained on waste management, availability of colour coded bins, and knowledge of waste management.
	Compliance with guideline. 
	Staff training on waste management was provided.

	Khaled 2023

[33]
	Basrah, Iraq
	Cross sectional
	Not explicitly mentioned
	Self-assessment questionnaire, field visits, interviews with waste management officials
	Waste is separated using the colour-coding system though not optimal. The main issues identified were transportation problems and inadequate medical waste containers. 
	Compliance is below average
	Staff training is insufficient and not regular

	Kanno 2021

[34]
	Dilla, Ethiopia
	Cross sectional
	Not mentioned
	Observational checklist, questionnaire, and in-depth interviews
	No segregation of waste types at the point of generation. No pre-treatment of infectious waste before disposal. Inadequate segregation, storge, transportation, treatment, and disposal practices were identified
	Lack of accessible HCWM guideline.
There is no developed training module in the facility surveyed
	Two rounds of training were provided for cleaners and health workers on basic infection prevention and control and HCWM

	Khalid 2021
[35]
	
Peshawar, Pakistan
	Cross sectional
	Not mentioned
	Pretested Questionnaire
Site observation via Observational checklist
	No proper segregation of waste from generation to disposal. Waste collection is done manually via plastic bags, hospital staff was not fully aware of proper waste segregation at the point of generation. Operational of incinerators not satisfactory
	HCWM not complying with waste management guidelines

	Lack of awareness of HCWM indicates training among the staff is inadequate.

	Kharaba 2022

[36]
	United Arab Emirate
	Cross-sectional
	418 community pharmacists
	Questionnaire,

	Disposal of expired pharmaceutical products was collected by licensed contractors approved by health authorities. Over a third of pharmacists disposed of different dosage forms via unauthorized methods such as general garbage, sink, and toilet.
	Information not provided
	Information not provided

	Khan 2023 [37]
	Swabi, Pakistan
	Cross- sectional
	Not mentioned
	Questionnaire Survey
Observation, field visits
	The investigated hospitals were observed to have labeled colored bins for different types of waste, including infections waste (sharps), non-infections waste (food, paper), and recyclable items (plastic). There is no special vehicle for hospital waste collection, and HCW is mixed with municipal waste and often discarded into open dumps without proper treatment. 
	There is poor compliance with waste management regulations
	Staff at private hospital were trained in waste handling. Staff at public hospital lacked awareness.

	Letho 2021 [38]
	Thimphu, Bhutan
	Cross-sectional study
	350 healthcare workers and waste handlers
	Questionnaire, interviews
Observational checklist

	58% of waste segregated at source into infectious and general waste. Wastes were transported offsite by trolleys, but staff load it into the truck by hand. Infectious waste was treated through autoclaving and then disposed of in municipal bins or deep burial pits. The use of chemical disinfection and incineration methods for treatment was also mentioned for specific types of waste such as sharps, pathological waste, and cytotoxic waste, 
	Most of the Staff are aware of the waste management guideline, however, there is Non-compliance with guidelines 
	Lack of adequate training and education of staff on HCWM practices.

	Leonard 2022

[39]
	Zambia
	Cross- sectional
	394 HCW
	Questionnaire
In-depth interview
Observational checklist
	Poor waste segregation practices were identified with only 56.9% of facilities using appropriate infectious waste bags. Lack of consistency with the availability of waste bins with lids. prevalence of needle stick injuries among HC Workers was high. Only 43% of facilities had a functional incinerator on-site. 
	HCWM practices are below national and international standards Compliance with WHO colour scheme for segregating waste is lacking.


	Insufficient staff training and lack of awareness, policies and guidelines the 

	Oladipo 2022

[40]
	Adamawa, Nigeria
	Cross sectional
	108 HCW
	In-depth Interview, survey, site visits, observational checklist
	The most common liquid medical waste (LMW) types were blood, body fluids, urine, sputum, and pus. Hospital 1 (H1) practiced better segregation compared to Hospital 2 (H2). Segregation, temporary storage using leak-proof bags, treatment, and on-site transportation using pipes were the main techniques used in managing LMW at the hospitals. H2 did not treat waste before disposal. Pharmaceutical waste was the least common type of LMW generated such as infusions, vials, syrup, eye drops, and intravenous injections.

	Information not provided




	Information not provided

	Obubu 2023

[41]
	Lagos, Nigeria
	Descriptive survey
	Not mentioned
	Universal Health Coverage data from facilities Telephone interviews, questionnaire
	94% of the healthcare facilities use color-coded waste bags to segregate waste at the point of origin.  Red-colored bags are used by 58.7% of the facilities for segregating Infectious waste, yellow-colored bags by 33.3%, black-colored bags by 10.7%, and brown biohazard bags by 1.3%.

	Not mentioned

	Not mentioned

	Owusu 2023
[42]
	Accra, Ghana
	Cross sectional
	124 dental surgery staff
	Structured Questionnaire and observation checklist.
	There is mixture of general and infectious waste, indicating a lack of proper waste segregation in colour-coded bins. Knowledge gaps were observed, with only 19% of respondents knowing the recommended method of amalgam disposal. like improper disposal of X-ray fixers and lack of labeling of clinical waste.
	Lack of adherence to dental waste management guidelines among the staff of the facilities.
	Not reported

	Omoleke 2021

[43]
	Kebbi, Nigeria
	Cross sectional
	257 healthcare workers
	Questionnaire survey
	Major of the facilities did not segregate waste by colour and did not understand the colour coding system.  Motorcycles were used to transport wastes to the disposal sites. Treatment of waste is onsite via the burn and bury method. Burn and bury was the major waste disposal method.
	Only 25% of the health facilities (HFs) had MWM guidelines documents. No strict adherence to HCWM. 

	Lack of adequate training on proper handling and disposal of medical waste. 


	Oduro-Kwarteng 2021 [44]
	Kumasi, Ghana
	Cross sectional
	Not mentioned
	Observation, Questionnaire survey 
	Inadequate segregation practice with poor knowledge of colour-coding by health workers.
The existing healthcare waste management practices fell short of best practice standards
	Lack of national regulatory framework for HCWM
	Health workers exhibited poor knowledge of color coding and healthcare waste management practices, indicating a need for training and awareness programs

	Paudel 2023

[45]
	Kailali district, Nepal
	Cross sectional
	Not mentioned
	Interviews, questionnaire
Observational checklist
	Out of the 10 health institutions studied, 8 practiced waste segregation at the point of generation, with only one hospital consistently implementing segregation at all stages Waste collected onsite with plastic and metal bins. Manual handling was employed in transporting waste. 
	Lack of HCWM guideline. only 3 out of 10HF had guideline for HCWM

	Poor staff training. Out of 10 HF, only 5 provided training in HCWM.


	 Ramodipa 2023

[46]
	Guateng Province, South Africa
	Situational analysis
	57 healthcare officers CEO facility managers
	Questionnaire Survey and structured interview
	There is strict monitoring of 
segregation of waste. Proper identification, classification, and containerization of waste are followed in compliance with regulations and internal policies to ensure safe handling. Implementation of health care waste management plans (HCWMPs) facilitates the proper disposal of hazardous waste from generation to final disposal site as guided by statutory requirements.

	Health care waste management plans (HCWMPs) are in place in most facilities, with 79.0% of health care waste officers and 84.6% of management confirming their existence. 
	Health care waste training is provided to health care waste officers, with 97.1% of them confirming that they have received training.


	Tadasee 2022

[47]
	Addis Ababa, Ethiopia
	Cross sectional
	636 participants 
comprising waste handlers and mangers
	Questionnaire
Observational checklist
	90.86% of health centers and 96.38% of hospitals had separate containers for hazardous and non-hazardous waste. Burning was the main form of on-site treatment of healthcare waste before disposal in both health centers and hospitals. The majority of healthcare waste handlers in both health centers (92.86%) and hospitals (91.43%) used protective clothing when handling waste 
	Not mentioned
	Not mentioned


	Wassie 2021
Read again

[48]
	Addis Ababa, Ethiopia
	Cross sectional
	Not mentioned
	Questionnaire
Observational checklist
Interviews
	Suboptimal practice of waste segregation, waste collection, waste storage, waste transportation, waste treatment, and disposal were reported in the surveyed clinics.

	No compliance with HCWM guidelines
	Not explicitly mentioned

	Wilhemina 2022

[49]
	Obusi, Ghana
	Cross sectional
	Not mentioned
	Field investigation, questionnaire survey and interviews
	The waste management prasctices adopted by the hospitals were found to be below standard, lacking proper waste sorting, processing, or treatment. Two hospitals engaged Zoomlion Ghana Limited for waste disposal at a landfill site, while the third hospital disposed of waste in an open pit and burned it.
 
	The hospitals do not adhere to the guidelines and standards for Health Care Waste Management (HCWM) as outlined by the Ministry of Health (MoH), Ghana
	Most of the personnel involved in waste management at the hospitals did not have formal training in waste management.








Risk of Bias Assessment
Table 2 indicates the methodological quality of the included studies independently assessed by two reviewers using the checklist recommended by the Critical Appraisal Skill Program (CASP) [22]. The Critical Appraisal Skill Program (CASP) is an appraisal tool for qualitative research and comprises of 10 questions assessing methodological quality of the included studies. Every item or question should be answered by “Yes, (Y)” “No, (N)” or “Can’t tell. (CT)” Disagreements were resolved through discussion or consultation with a third reviewer to reach a consensus. Studies who scored seven points and above were included, and those that scored below 7 were excluded. Table 2 presents the quality assessment of the reviewed studies. 





Table 2: Critical appraisal of assessment of studies included using the CASP checklist
	S/N
	Study
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	1. 
	Adu, 2020
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y

	1. 
	Adekemi 2024
	Y
	Y
	Y
	Y
	Y
	CT
	N
	N
	Y
	Y

	1. 
	Afesi-Dei, 2023
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Agyekum 2022
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	Y

	1. 
	Aworh 2022
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y
	Y

	1. 
	Atia 2021
	Y
	Y
	Y
	Y
	Y
	N
	CT
	N
	Y
	Y

	1. 
	Abanyie 2022
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	N
	Y
	Y

	1. 

	Charbonneau, 2021
	Y
	N
	Y
	Y
	Y
	N
	Y
	N
	Y
	Y

	1. 
	Chowdhury 2021
	Y
	Y
	Y
	N
	Y
	N
	N
	Y
	Y
	Y

	1. 
	Dixit 2021
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y

	1. 
	Endris 2022
	Y
	N
	N
	Y
	Y
	N
	Y
	N
	Y
	Y

	1. 
	Gueriri 2023
	Y
	N
	Y
	Y
	Y
	N
	CT
	Y
	Y
	Y

	1. 
	Houssain 2022
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	CT
	N
	Y

	1. 
	Ibrahim 2023
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	1. 
	Khaled 2023
	Y
	Y
	Y
	Y
	Y
	Y
	N
	CT
	Y
	CT

	1. 
	Kanno 2021
	Y  
	Y
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Khalid 2021
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Kharaba 2022
	Y
	Y
	N
	Y
	Y
	CT
	Y
	N
	Y
	Y

	1. 
	Khan 2023
	Y
	Y
	CT
	Y
	Y
	CT
	N
	N
	Y
	Y

	1. 
	Lemma 2021
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	1. 
	Letho 2021
	Y 
	Y
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Leonard 2022
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	1. 
	Oladipo 2022
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	CT
	Y
	Y

	1. 
	Obubu 2023
	Y
	CT
	Y
	Y
	Y
	CT
	CT
	Y
	Y
	Y

	1. 
	Owusu 2023
	Y
	N
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Omoleke 2021
	Y
	N
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y

	1. 
	Oduro-Kwarteng 2021
	Y
	N
	Y
	Y
	Y
	CT
	Y
	Y
	Y
	Y

	1. 
	Paudel 2023
	Y
	N
	Y
	Y
	Y
	CT
	Y
	N
	Y
	Y

	1. 
	Ramodipa 2023
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	N
	Y
	Y

	1. 
	Tadasee 2022
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	1. 
	Wassie 2021
	Y
	Y
	N
	Y
	Y
	N
	Y
	CT
	Y
	Y

	1. 
	Wilhemina 2022
	Y
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	Y


(1): Was there a clear statement of the aims of the research? (2): Is qualitative methodology appropriate? (3): Was the research design appropriate to address the aims of the research? (4): Was the recruitment strategy appropriate to the aims of the research. (5): Was data collected in a way that addressed the research issue? (6): Has the relationship between researcher and participants been adequately considered. (7): Has ethical issues been taken into consideration? (8): Was the data analysis sufficiently rigorous? (9): Is there a clear statement of finding? (10): How valuable is the research?





Results: Screening of results
The process of study selection is shown in Fig. 1 with an adapted PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2009 flow diagram [23]. A total of 1287 records were identified after searching for relevant literature. After duplicate checking, 981 studies were excluded after initial screening of titles and abstracts. Thirty-two studies [12, 13, 14, 15, 16, 17, 24, 25, 26 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49] were included in the final review after a strict screening process based on eligibility criteria, of which the other 23 studies were excluded because they did not report the HCWM or circular economy practices, or were not relevant to healthcare waste management, studied other kinds of waste, not medical waste, duplicate publications, reviews, meeting abstracts, or commentaries.









Additional records identified through other sources n = 0
Total record 
n = 1284
Records identified through database searching from August 2023 to February 2024 (n = =1,284)
PubMed = 223, 
Semantic Scholar = 364
Science direct = 265
Scopus = 422 

Identification



Records after duplicate removed
n = 51






Screening






Records excluded n = 1059

Records screened by title and abstracts
n = 1233


Irrelevant titles n = 948
Reviews n = 111



    Eligibility


Full-text articles excluded with reasons n = 142
Full text not available   n = 5
Only abstract available (n = 5)
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Figure 3: Prisma Flow chart


Table 3: Waste Management and Circular Economy Practices Reported
	Publication first author
	Segregation
	Collection 
	Storage
	Transportation
	Treatment
	Disposal
	Circular Economy Practice reported 
e.g. reusing, reducing, repairing, recycling

	Adekemi 2024 [12]
	Wastes not properly segregated. Indiscriminate dumping of general waste and hazardous wastes.
	Waste container mostly used were polythene bags, safety boxes, plastic waste bins and trolley. 
	Wastes were stored onsite temporarily in communal waste bins
	Not mentioned

	Incineration and
Chemical disinfection of pathological wastes
	Mainly open dumping and burning followed by incineration
and landfilling
	None 

	Houssain 2022 [13]

	Wastes were collected without segregation.
	There is absence of adequate dustbins. 
	No separate storage containers for medical wastes.
	Managed by the Gopalganj municipality, which disposed of it in one place without proper segregation

	Waste treatment by autoclave, (58%), hydroclave, open burning, dumping (11%), incineration (5%).
	Burning and dumping of waste was the main disposal method.
	None

	Abanyie 2021 [14]
	segregation between infectious and non-infectious wastes was poorly done. Only sharps were keenly separated,
	Not specifically mentioned
	Not specifically mentioned
	Information not provided
	Lack of a functional incinerator. As a result, a hand dug pit was used to burn wastes. Wastes are disposed sometimes without any form of treatment
	HCW was disposed method not specifically mentioned
	None


	Adu 2021 
[15]
	waste sorting at the points of generation was fairly practiced, this was still challenged by the lack of consistent color coding for separate waste types

	The general waste generated from the surveyed hospitals were collected in colour coded containers
	Waste stored in 240L bin placed outside the wards but within the hospital premises before being emptied by waste collectors
	Not specifically mentioned
	Incineration is the main treatment method.
 However, most incinerators were substandard lacking Air pollution Control systems. Waste disposal handled by a private company.
	Not explicitly mentioned
	None



	Atia [16]
	Pharmaceutical wastes were not segregated. Also, there is a lack of colour-coding
	Information not provided 
	Information not provided
	Information not provided
	Not mentioned
	Unused drugs were discarded in trash bin followed by burning and returning to drug whole sellers.
	None

	Lemma 2021

[17] 
	Wastes were not segregation at the point of generation,
	Mixed biomedical wastes are collected from all wards using open plastic bins.
	No proper or purpose-built storage area
In health facility
	Wastes transported using substandard open plastic bins. 

	Incinerators operated at a low temperature resulting in the emission of high concentrations of pollutants such as PM2.5, PM10, total VOCs, NO2, and SO2
	Burying of pathological wastes in placenta pits, burning, and open dumping 
	None

	Afesi dei 2023 [24]
	Waste segregation at source and the
use of colour-coded receptable not strictly followed as infectious and hazardous wastes were dumped together in the various color-coded bins, 

	Wastes were collected polythene bags and bins. Wastes are moved whenever these receptacles are ¾ full
	Wastes are collected in polythene bags and bins from the points of generation and moved to a temporal storage facility within hospital premises
	Waste collectors moved the wastes from the various sections of the hospital either by carrying the waste bags or paper boxes or by wheeling the waste bins from the wards to a temporal storage facility.
	
Hazardous wastes were either incinerated, burnt in open pit, or buried.


	
Contaminated general wastes were landfilled, while hazardous and infectious wastes were either incinerated, burnt in open pit, or buried

	Yes.
The plastic bags and packaging cardboard boxes were
reused for 
collection of health
care wastes at the 
facility though without treatment


	Charbonneau 2021 [25]
	Lack of segregation in the disposal of sharps. Many respondents discarded used sharps without a designated sharps container or disposed of them in home garbage receptacles
	Not mentioned
	Not reported
	Not mentioned
	Not mentioned
	[bookmark: _Hlk166068028]Sharps discarded without a designated sharps container, and using an improper container for sharps material (i.e., not leak proof or puncture resistant). Disposal of the sharps container at a sharps take-back location.
	None

	Agyekum 2022 [26]
	Waste was well segregated at the point of generation using the colour-coding system and waste bins properly labelled. 

	Not specifically mentioned
	Not specifically mentioned
	Not mentioned
	Waste was burnt by incinerator that is not furnished with Air Pollution Control Devices (APCDs) 

	Details not provided
	Accurate waste segregation through colour-coding

	Aworrh 2022
[27]
	Segregation practices are available but not optimal.
	Waste collected by cleaners/ward attendants.
	Wastes were initially stored in receiving metal receptacles in and a concrete dumpsite within the facility
	Waste was transported using enclosed compartment vehicles and separate vehicles for hazardous waste
	Pathological wastes are buried in pits while some categories of infectious laboratory wastes are autoclaved prior to disposal. 
	Final disposal is done by municipal waste managers to unspecified destination. 
	No form of waste re-cycling or re-use exists or is practiced at both hospitals visited


	Chowdhury 2021
[28] 
	Lack of proper segregation practices at the point of generation in most of the facilities. Colour-coding system not implemented. 
	wastes are collected by ward boys, maids, nurses, and other employees from small bowls and plastic bins provided for each bed in the hospitals. 
	After that, the wastes are stored either in a large size plastic bag or bucket and emptied twice a day
	Onsite transportation of waste was done by pushcart to the nearest dumping area. The off-site transportation was done by SCC trucks.
	Wastes are not treated before disposal.


	Disposal of LW directly into the municipal sewer system.
SCC trucks carry these wastes two times daily to the landfill area for final dumping
	Yes. Moderate amount of waste was recycled manually by scavengers from the bins at the final dumping site, including items such as disposable syringes, plastic bags, glass, paper, and bottles. Most of the facilities use a green bin to collect recyclable wastes

	Dixit [29]
	Non-segregation of waste at the point of generation and the non-availability of color-coded bins
	Not mentioned
	Not mentioned
	Not mentioned
	Not mentioned
	Not mentioned
	None

	Endris [30]
	Waste was properly segregated in most of facilities plus, the use of colour-coding based segregation with biohazard symbols
	Wastes were collected by waste handlers using waste collecting bags and waste containers
	Wastes are stored in open and unprotected storage area in most of the facilities while some do not have designated storage area
	Waste was mainly transported using trolleys, wheelbarrows, but many facilities lack proper transportation material thereby holding waste collection bags with bare hands.

	 Incineration, with most incinerators being low-temperature and some facilities lacking adequate air inlet and outlet
	Disposal methods include open burning pits, landfills, and municipal waste systems, with some facilities
	Yes
Proper waste Segregation practice

	Gueriri 2023
[31]
	Waste segregation was carried out by using color-coded plastic bags and designated bins for sharps, although the procedures were found to be subpa.

	Not mentioned
	Not mentioned
	Not mentioned
	Not explicitly provided
	Not explicitly provided
	None

	Ibrahim 2023
[32] 
	Waste was segregated. 
infectious, and sharp waste in different color-coded bins/boxes.
	Wastes were collected and stored in designated color-coded bins or containers based on the type of waste.
	Wastes were collected and stored in designated color-coded bins or containers based on the type of waste
	Not mentioned as study focused only on segregation practices
	Not mentioned
	Not mentioned

	None

	Khaled [33]
	Waste is separated using the colour-coding system though not optimal
	Wastes were collected daily at the beginning of each shift but collection bags are not identified by wase types
	Wastes are stored more than 24 hours in a room separate from the hospital. Problem with inadequate waste storage containers
	Manual movement of wastes and the use of 
trolley 
	Incineration and autoclaving (though autoclaving not widely available due to cost constraint
	General waste is disposed by landfills, burials. LMW (patient blood, urine, liquid medicines. are poured into sewers sometimes without treatment.
	None


	Kanno 2021
[34]
	No segregation of waste at the point of generation

	On-site waste collection was carried out by the hospital staff, who picked up and carried the waste to the disposal site 


	[bookmark: _Hlk161410588]Waste containers were labeled to identify the ward where the containers are used for storage. wastes were stored in 30-L and 60 L containers.
	Absence of proper waste transportation (without trolleys or carts) Waste were simply picked and carried by cleaners and taken to disposal sites. 

	There is no treatment applied to waste before disposal.
Incinerators were dysfunctional at the time of the study.

	Open burning. 
Burial of pathological wastes in pits. General wastes, dumped in an open on-site pit inside the hospital compound.
	None

	Khalid 2021
[35]
	No proper segregation of waste from generation to disposal
	Waste collection is done manually by waste handlers via plastic bags, and bins, 
	Waste was stored temporarily in bins and dumped in open areas
	Onsite transportation by wheelbarrows, and trolleys. Off-site transportation was done using trucks contracted with government or private authorities.
	Waste treatment by incineration occurred in only 56.3%. Use of sub-standard incinerators emitting hazardous gases.
	Incineration, Open dumping and burning of waste
	None


	Kharaba 2022 [36]
	Not mentioned
	Not mentioned
	Not mentioned
	Not specifically mentioned
	Not mentioned
	Expired pharmaceutical products was collected by licensed contractors. Over a third of pharmacists disposed of different dosage forms via unauthorized methods such as general garbage, sink, and toilet.
	None

No take back program for unused drugs

	Khan 2023 
[37]
	Poor waste segregation though there is use of colour-coding system to segregate waste
	Waste is collected in labeled containers and transported to central storage points
	Waste is kept in bins and collected by municipal authorities
	Waste is transported onsite in plastic bags and mobile bins with leakage of waste during collection and transportation. Offsite transportation is by trolley and vehicles
	waste water is discharged into sewage system without treatment. 
Infectious solid Waste treatment is by incineration at high temperature. 
	waste disposal is via open dumping
	Yes. Plastic wastes 
were transported for recycling. The investigated hospitals were observed to have labeled colored bins for different types of waste, including infections waste (sharps), non-infections waste (food, paper), and recyclable items (plastic).

	Letho 2021
[38]
	Waste segregation based on color-coding of infectious and non-infectious wastes was practiced though not optimal
	Waste was collected daily from all wards/units/departments and transported to designated storage areas
	Segregated waste was stored in designated storage areas within the units/wards/departments for 24-48 hours during summer and 24-72 hours in winter
	Waste is transported offsite by trolleys, but staff load it into the truck by hand.

	Infectious waste was treated by autoclaving, The use of chemical disinfection and incineration methods for treatment was also mentioned for specific types of waste before disposed of in municipal bins or deep burial pits
	 Liquid infectious waste is decontaminated with a 0.5% bleach solution before being discharged into the sewage system Pathological waste was buried in deep pits 
	Yes. Wastes like cardboard
 box, pet bottles were sold to vendors to reduce the quantity of wastes 
going to the land fill. Also, food wastes were
used to prepare 
organic compost for fertilizer to minimize waste 

	Leonard [39]
	Poor segregation waste practices. inconsistent use of colour-coded bins for segregation
	[bookmark: _Hlk161410713]Lack of consistency with the availability of waste bins with lids.
	Storage facility is emptied within 24 hours.
	  Wastes are transported mainly by wheel barrow, wheeled bin, or by hand
	[bookmark: _Hlk166158614]Incinerators which function below national and international standards was treat waste
	Not specifically reported
	None

	Oladipo 2022
[40]
	There is segregation of liquid waste in HF1 but details not provided
	Leak proof bags
	Leak-proof bags were used for temporary storage of LMW in H1, while H2 did not use leak-proof bags.  
	Onsite transportation of infectious LMW was mainly via pipes
and open vehicles for offsite transportation
	H1 pre-treated LMW before disposal, while H2 did not. Treatment was by autoclaving and further treatment with incinerator but treatment is not adequate. Due to lack of treatment equipment not all waste were pretreated before disposal
	LMW discharged into drains or toilets ate the point of generation
	None


	Obubu 2023

[41]
	Accurate separation of waste at the point of origin using color-coded waste containers for different types of waste
	No specific information about collection 
	No specific information about storage practices
	No specific information about  
	incineration 
	Disposal by waste management agencies, incineration, waste burning and burying
	Yes, 97.9% of facility studies segregated waste at source

	Owusu 2023
[42]
	Mixture of general and infectious waste, indicating a lack of proper waste segregation in colour-coded bins. Waste was not labelled.
	Sharps was collected in 
puncture proof containers
	Waste was stored in puncture proof containers
	Information not provided
	Not mentioned
	Dental surgery staff disposed of used X-ray fixers by pouring them down the drain. 

	None

	Omoleke 2021
[43]
	Majority of the HF did not segregate waste by colour and did not understand the colour coding system.
	Not specifically mentioned
	Not specifically mentioned
	Use of motorcycles in transporting their waste to the disposal sites
	Treatment of waste is onsite via the burn and bury method. inadequate waste treatment facilities like incinerator
	Burn and bury method was adopted to dispose waste
Transportation to predestined site
	None

	Orduro-Kwateng 2021 
[44]
	Improper segregation practice. There was mixture of general and infectious waste.  colour-coding not practiced
	General waste collected by waste companies
	Primary storage is in 240L plastic containers, 
	Waste is transported by waste handlers (orderlies) to central storage areas with limited PPE, using wheel barrows or hand. Waste containers were not regularly disinfected
 
	incineration of sharp waste by health centers through large hospitals with incinerators
	general wastes are collected by waste companies and sent to landfills, open pit burning is used to dispose general and infectious waste,
	None

	Paudel 2023
[45]
	 Wastes segregation was not optimal in some hospital
	waste collected onsite with plastic and metal bins
	needle-proof containers for waste storage,
	Human labour was employed to transport waste
	Chemical disinfection, autoclaving and sterilization, landfill
	burning and burying, sewage, municipality landfill, placenta pit
	None


	Ramodipa 2023 [46]
	Waste is separated at the storge area
	Not specifically mentioned
	Not specifically mentioned
	Not specifically mentioned
	Not mentioned specifically
	Not specifically mentioned
	Yes
Implementation of strategies for recycling and waste reduction. 
 Paper and cardboards 
recycled on a continuous 
basis. waste minimization strategies in place.

	Tadasee 2022 [47]
	Waste was segregated using separate containers for hazardous and non-hazardous waste in both facilities. Though Some waste containers not clearly labeled
	leak-proof 
open plastic buckets, safety boxes, and pedal bins, were used for waste collection 
	Interims storage of waste in containers within hospital premises
	Open plastic buckets, pedal, bins, safety boxes were used to transport waste manually to the disposal site. Trolleys and wheelbarrows were also used to transport waste on-site.
	The main form of HCW treatment before disposal were burning and Incineration
	Burial pits such as placenta pits and surgical removal pits were employed for final on-site waste disposal for pathological waste 
.


	None

	Wassie 2021

[48]
	Waste segregation practices in private clinics were reported to be poor.
	Waste collected in safety boxes
	There is temporary storage of HCW in the surveyed facilities. Over all, storage system is poor.
	Only a few of the clinics used Trolley and, wheelbarrows to transport waste 

	Metal drums was used for incineration of solid medical waste
	Waste burning in metal drums,
Sewage system used for liquid waste disposal. placenta pits used for pathological waste disposal.

	None

	Wilhemina 2022
[49]
	There is no waste sorting, processing
	Orderlies collect the waste using Plastic bins

	Plastic bins were provided in the generation areas to store the waste temporarily.
	Waste is transported by ZGL trucks or carried by orderlies to the dumpsite.

	Waste is incinerated or burned.
	Waste is disposed of in a landfill site, open pit, or buried at the hospital.
	None









Characteristics of studies included
Study Area
A total of 32 articles published between 2020 to 2024 from 15 countries was found. Out of the 32 studies 22 were performed in Africa [12, 14, 15, 16, 17, 24, 26, 27, 30, 31, 32, 34, 39, 40, 41, 42, 43, 44, 46, 47, 48, 49], 9 was done in Asia [13, 28, 29, 33, 35, 36, 37. 38, 45] and One study in North America [25].  Table 4 reveals the frequency of studies
Table 4: Frequency Distribution of studies in their study area
	Study Setting
	Frequency 
	Percentage (%)

	Africa
	22
	69

	Asia
	9
	28

	North America
	1
	3



Study Design: 
Out of the 32 studies, 29 [12, 13, 14, 15, 16, 17, 24, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 42, 43, 44, 45 47, 48, 49] specifically reported the use of cross-sectional study design. Three studies [25, 41, 46] reported the use of a prospective study, descriptive survey, and situational analysis. 
Study Participants
A total of 4,763 participants comprising of health workers, waste handlers, facilities managers were reported by 21 studies in this review [12, 14, 14, 15, 16, 24, 25, 26, 27, 28, 30, 31, 32, 36, 38, 39, 40, 42, 43, 46, 47] Eleven studies [17, 29, 33, 34, 35, 37, 41, 44, 45, 48, 49] did not mentioned the number of study participants 
Data collection
Seven studies [12, 16, 25, 30, 31, 34, 43] collected data on waste management practices using only one questionnaire. Eight studies [24, 26, 32, 35, 37, 42, 44, 47] combined questionnaire surveys and field observations. 10 studies [27, 28, 33, 34,38, 39, 40, 45. 48, 49] collected data using questionnaire surveys, field visits/observations, and interviews. Focus group discussion, questionnaire, and observation [13, 15] Interview and Observation [14] 
Waste Management Practices in Health Care Facilities
Waste Segregation Practices
Twenty-two studies [12, 13, 14, 15, 16, 17, 24, 25, 26, 27, 28, 29, 34, 35, 37, 38, 39, 42, 43, 44, 45, 48, 49] reported poor waste segregation, in which general waste was dumped indiscriminately with hazardous waste. Eleven studies lacked proper implementation of the colour-coding system [15, 16, 24, 28, 29, 37, 38, 39, 42, 43, 44] However, only eight studies [26, 30, 32, 33, 40, 41, 46, 47] implemented a colour-coding system for waste segregation. One study [36] did not report segregation practices used.
Waste collection and storage
Sixteen studies [12, 15, 24, 27, 28, 30, 32, 33, 34, 35, 40, 42, 44, 45, 47, 49] have reported the use of polythene bags, plastic bins, buckets, safety puncture-proof boxes, wheelbarrows, and trolleys for temporary waste collection and storage. In storage systems, waste is stored in large plastic bins or separate rooms within hospital premises. [12, 15, 27, 28, 32, 34, 37, 39, 44, 48, 49] or separate areas within hospital premises. [30, 33, 37] Puncture and needle proof boxes [40, 45] Leak proof bags to collect and store liquid medical waste [40] Absence of storage facilities [13,17] waste is collected and sent to storage when bin is ¾ full. [24] Ten studies [14, 16, 25, 26, 29, 31, 36, 41, 43, 46] did not provide information on how waste was collected and stored. 
Transportation
Eight studies reported the use of either of the following: wheelbarrows, vehicles, wheeled bins, trolleys, and push carts for onsite waste transport [24, 27, 28, 30, 33, 37, 39, 44,] motorcycles [43]. Five studies [28, 35, 38, 40, 49] used trucks from private companies or governments, open vehicles, and trolleys for offsite transportation. Six studies [17, 34, 40, 45, 47, 48] reported that waste was transported manually (manually by waste handlers or via trolleys). Liquid waste is transported on tricycles to storage areas [40] in the absence of waste transportation materials [30, 34]. One study transported waste to municipal authorities [13]. Thirteen studies [12, 14, 15, 16, 25, 26, 29, 31, 32, 36, 41, 42, 46] did not provide information regarding waste transportation.
Treatment
[bookmark: _Hlk167168957]Thirteen studies [12, 15, 17, 24, 26, 30, 35, 37, 39, 41, 44, 47, 49] reported that solid waste is treated via incineration before disposal. Seven studies [13,15, 27, 33, 38, 40, 47] reported waste treatment through autoclaving and incineration. Two studies [12, 38, 45] reported waste treatment through either autoclaving, incineration, or chemical disinfection of pathological waste. Eight studies [16, 25, 29, 31, 32, 36, 42, 46] failed to provide any information on the waste treatment methods used before disposal. Three studies [28, 34, 37] reported that waste was not treated before disposal owing to the lack of a functional incinerator. Liquid waste) was discharged into the sewage system without treatment. [37] Wastes were burnt in hand dug open pits and buried [14, 15, 24, 43] Use of substandard incinerators lacking air pollution control systems [15, 17, 26, 30, 35]
Disposal
Eighteen studies [12, 13, 14, 17, 24, 28, 30, 33, 35, 37, 38, 41, 43, 44, 45, 47, 48, 49] reported either one or a combination of open dumping, incineration, burning, burying, and landfilling. Five studies [28, 33, 40, 42, 45] reported that the final disposal of liquid waste was by discharge in a sewage system, pouring into the drain without treatment, [28] and final disposal by municipal waste managers [27, 41, 45]; two studies [16, 36] reported that pharmaceutical waste was disposed of by throwing discarded drugs into the trash bin, burning, or returning drugs to whole sellers. One study [25] reported that sharps are thrown into garbage without a container using an improper container for sharp material (i.e., not leak-proof or puncture-resistant). Eight studies [14, 15, 26, 29, 31, 32, 39, 46] did not report the disposal of waste.
Knowledge and Availability of Healthcare waste management guidelines and Compliance
Nineteen studies [12,13, 14, 16, 24, 25, 26, 27, 28, 29, 31, 33, 35, 37, 38, 39, 42, 43, 48, 49] specifically reported zero or unsatisfactory compliance with waste management guidelines and regulations. Four studies (13, 34, 44, 45) reported non-availability of HCWM guidelines, plans or frameworks. Lack of a functional HCW management committee [24, 28, 47]. Three studies (30, 32, 46) had good compliance with HCWM guidelines
One study [26] reported that health workers had good knowledge of waste management, but poor adherence. Seven studies [15, 17, 36, 40, 41, 47] did not provide any information on compliance with waste management guidelines. Lack of personal protection equipment (PPEs) such as safety shoes, appropriate gloves for handling waste, face masks and eye goggles were reported in [23, 24] leading to approximately 77% reported sustaining sharp injuries. [24]
Staff Training
18 studies [12, 13, 14, 16, 17, 25, 27, 28, 29, 31, 33, 35, 38, 39, 43, 44, 45, 49] reported lack of or inadequate training on HCWM for waste handlers and health professionals. Seven studies [24, 26, 30, 32, 34, 37, 46] reported that staff had received training. Seven studies [15, 36, 40, 41, 42, 48, 47] did not provide information on staff training.
Integration of circular economy practices in waste management
[bookmark: _Hlk166240930]Only eight studies [24, 26, 28, 30, 37, 38, 41, 46] reported some level of circular economy and sustainable practices in waste management, such as efficient waste sorting and segregation [26, 30, 41], reuse [24], recycling [28, 37 46], and waste reduction and minimization strategies [38, 46]. 
Discussion
This study analyzed current healthcare waste management practices and the uptake of sustainable circular economy practices in the management of waste. The results are discussed based on the five stages that are commonly followed in health care waste management namely: waste segregation, collection, storage, transportation, treatment, and final disposal. 
First, our study showed that most of the research on HCWM reviewed within the 5-year range from 2020 to 2024 was conducted in developing countries in Asia [13, 28, 29, 33, 35, 36, 37, 38, 45] and Africa [12, 14, 15, 16, 17, 24, 26, 27, 30, 31, 32, 34, 39, 40, 41, 42, 43, 44, 46, 47, 48, 49]. However, only one study [25] was conducted in a developed country, the United States. A possible explanation for this might be that waste management is still a huge problem in developing countries and continents such as Africa and Asia owing to rapid population growth, urbanization, and the lack of smart technology exploited in modern HCW management and poor budgetry allocation to procure equipment. [50] Hence, more research has been conducted to ensure that standards are met. 
Waste segregation, colour-coding and waste labelling by type
This is an important stage in waste management for reducing human and environmental effects. WHO recommends that waste be segregated into general waste, infectious waste, and sharps by relying on a color-coding system [51]. However, in this systematic review, waste sorting in some studies fell below the WHO-recommended segregation and color-coding schemes. Appropriate waste receptacles (bags, bins, puncture-proof sharps boxes) should be available in each medical and other waste-producing area of a healthcare facility. The availability of these receptacles is not sufficient, but their proper usage is. The study revealed a great deal of poor waste sorting, general waste not separated from hazardous waste, poor labelling, and colour-coding. This could be due to lack of appropriate waste segregation utilities, such as colour-coding bins, lack of knowledge due to inadequate staff training, or lack of supervision to enforce compliance. 
Waste collection and storage
According to the World Health Organization [51], a waste storage location should be designated inside a health facility. All hazardous HCW types generated from HCFs should be stored in utility rooms prepared for cleaning equipment, dirty linen, and waste storage. If these facilities are not available, the HCW can be stored in other locations within the health facility. In this review, studies [13, 17, 34] indicate that there is no built storage area that is stored in plastic bins and bags within the health facility until it is emptied by municipal waste companies or transported to disposal sites. The performance of the studies reviewed was generally low, as the majority failed to report in detail how waste was collected and stored. Twelve studies [26, 27, 29, 30, 31, 33, 35, 41, 44, 47, 49, 52] failed to report collection and storage practices. Except for those who focused only on disposal practices [31], the others did not have proper storage facilities. [13, 17, 28, 35, 49]. This unacceptable waste storage practice could probably be due to the lack of sufficient and isolated waste storage spaces away from public and patient access. The waste containers were not disinfected regularly. [44, 47] Overall, waste storage system reported in this study is subpar. This may be due to financial constraints on the procurement of new and functional equipment.
[bookmark: _Hlk166229735]Transportation 
This stage involves the movement of waste from the healthcare facility to treatment and disposal sites. WHO recommends that transport staff wear adequate personal protective equipment (PPE), including gloves, closed shoes, overalls, and masks. [52] For the transportation of HCW, wheeled trolleys or carts that are designated for transportation purpose should be used for the transportation of HCWs. Manual handling of wastes can expose handlers to hepatitis B infection. Thus, wastes, especially hazardous waste, should never be transported by hand because of the risk of accident, injury from infectious material, or incorrectly disposed sharps that may protrude from a container. However, our study revealed the lack of use of PPEs by waste handlers and cleaners [34, 44], as waste was manually packed by hand and carried by waste handlers, [33, 44, 45] using limited PPE [34, 44,]. Although the use of trolleys and wheelbarrows was seen in most of the studies [30, 37, 45, 48], lack of training on transportation and mere neglect on the part of facility heads could be responsible for this.
Treatment
Except for a few studies reporting the use of autoclaves, [13, 27, 38, 40, 47] incineration was the most widely used waste treatment method in this study, followed by burning of waste in hand dug open pits. [12, 14, 15, 17, 24, 26, 30, 35, 37, 39, 41,43, 44, 47, 49] The United Nations Environment Programme [53] recommends that the decontamination of infectious and sharp waste by steam (e.g., by autoclaving, microwaving, etc.) or other non-combustion alternative technologies should preferably be used in the treatment of infectious wastes to prevent the release of greenhouse gases into the environment. According to the Basel and the Stockholm Convention guidelines, waste treatment methods that minimize the production and release of chemicals or hazardous emissions should be prioritized over other technologies [54]. However, in this study, incineration, burning in a pit, and open waste burning were common treatment methods used to treat hazardous and general waste types. In addition, incinerators are often operated mostly by untrained personnel under suboptimal conditions that are not furnished with Air Pollution Control Devices (APCDs) that release toxic gases into the environment. [15, 26, 35]. 
In studies [14,15, 24, 48] where incinerators are dysfunctional, a hand dug pit or metal drums were used for incineration of solid waste. thereby releasing toxic gases into the environment. A plausible explanation for this stems from the fact that most of the studies in the current review were conducted in low resource settings without inadequate technologies that meet international standards. WHO [55] asserts that open burning ought to be used as the last resort in emergency circumstances or in the event of a disaster or where alternative options for disposal or recovery are not available due to lack of sufficient infrastructure when sanitary disposal of waste is necessary for the control pests or diseases. Otherwise, it must be reduced to the minimum or eradicated as soon as possible and wherever possible.
Furthermore, chemical disinfection is a process that uses chemicals to disinfect waste. They are commonly used in liquid wastes. According to [51], non-hazardous chemicals, such as syrups, vitamins, or eye drops, can be discharged to the sewer without pre-treatment. In addition, collected body fluids, small quantities of blood, rinsing liquids from theatres, and intensive care can be discharged into the sewer without pretreatment except wastewater streams from departments such as medical laboratories. [52] Overall, the availability of a dysfunctional incinerator is below the national and international standards. Although burning waste is less desirable, if it is the only option, it should be undertaken in a confined area, and the waste should be burned in a dug-out pit followed by covering with a layer of soil. [52]
The open burning of waste results in the generation of greenhouse gases and should be avoided.
Disposal
Regarding disposal of the HCW, our study revealed that open dumping and open burning of waste are the dominant disposal methods exploited amidst landfilling, burying of pathological waste. [12,13, 17, 24, 33, 34, 35, 37, 41, 44, 45, 48] The disposal of pathological wastes may be bound by sociocultural, religious and aesthetic norms and practices. A traditional option is the internment (burial) in cemeteries, [52] Liquid wastes were poured into the sewers without treatment in line with [51]
Knowledge of and Compliance with HCW Management guidelines
In this study, the level of compliance with both national and international guidelines was low or nonexistent. Most studies showed HCWM noncompliance with the requirements of the national and international guidelines [13, 16, 25, 28, 31, 34, 35, 37, 38, 39, 43, 44, 45, 47, 48]. A possible reason could be the lack of guidelines [13, 34, 43, 44,45] or waste management plans and framework and lack of HCW management committee. [24, 31, 47] for certain health facilities. Other reasons could be insufficient knowledge about how to apply the guideline as a result of lack of or inadequate staff training; however, some studies [24, 26] have reported that health workers have good knowledge of waste management but exhibit poor adherence. This shows that knowledge acquisition is insufficient, but monitoring and supervision to ensure adherence could ensure compliance. 
Staff training 
The acquisition of relevant practical healthcare training in dealing with medical waste has not been underestimated. In the present study, the majority of the studies reported that staff either did not receive training at all or lacked adequate training on healthcare waste management. [12,13, 14, 16, 25, 27, 28, 29, 31, 35, 38, 39, 42, 43, 45] A study [25] reported that staff did not dispose of sharps properly even after prior training on sharps disposal. In another study [24] a significant number of staff (89%) had undergone staff training on medical waste management, however, there were no functional waste management committee in place. This shows that training does not always translate to implementation; hence, there is a need for supervision to ensure compliance. On the other hand, some studies showed relatively better waste management practices in staff training in some facilities [17, 24, 26, 30, 32, 33, 34, 37]. 
Circular Economy practices in healthcare waste management
The integration of circular economy practices in waste management in this study is almost nonexistent, except for a few studies [24, 26, 28, 30, 37, 38, 41, 46]. Although poorly practiced, the studies reported some circular economy and few sustainable practices in waste management, such as waste sorting and segregation [26, 30, 41], reuse [24], recycling, [28, 37, 46], waste reduction, and minimization [38, 46]. There is still a huge knowledge gap about sustainable waste management among HCW in developing countries, where most studies have been carried out.
It is not surprising that circular economy practices are low or nonexistent in these studies. The concept of sustainability in HCWM is relatively new in developing countries. Healthcare waste management is a complex and challenging process and in this systematic review lack of functional healthcare waste management committee, [24, 31,47] lack of adequate training, [12,13, 14, 16, 25, 27, 28, 29, 31, 35, 38, 39, 42, 43, 45] lack of accessible guideline, [13, 34, 43, 44,45] lack of regular supervision, [28] shortage of waste management utility, for example lack of treatment equipment (standard functional incinerators,) [13, 34, 39] management support and compliance with guidelines are identified as a major challenge for having effective and sustainable waste management system that needs establishment of an immediate strategy to reduce the potential problems associated with the mismanagement of the hazardous wastes emanated from the healthcare establishments.
Implication of the finding of this review
The absence of circular economy practices represents missed opportunities for cost savings, waste reduction, recycling and resources recovery, thereby imposing an economic burden on the health industry and causing adverse environmental impacts. This review underscores the potential of proper healthcare waste management to improve health outcomes and environmental health. The implementation gaps identified provides a focal point for policy makers, healthcare facilities, waste management authorities and the general public to adopt environmentally friendly practices within the healthcare system. 
The offer clear implementation of findings of the review that will inform policies, practice and future research. First, creation of comprehensive guidelines for healthcare waste segregation, storage, collection, and disposal methods, including clear instructions for colour-coding, storage and transportation methods to reduce risks. In practice, this involves procuring color-coded bins for waste segregation, securing storage facilities, and special vehicles for waste transport. In addition, starting regular and compulsory training programs for all healthcare workers and waste handlers on proper waste management practices and circular economy principles. Setting up monitoring and evaluation mechanisms to ensure adherence to waste management guidelines and introducing penalties for non-compliance. Futhermore, upgrading existing incinerators to meet environmental standards or replace them with eco-friendly alternatives. Promoting practices such as recycling, reusing, and reducing waste within healthcare facilities. Establishing partnerships with recycling companies to manage non-hazardous waste. Choosing supply chain that promote reusable products and reducing single use product in healthcare to help minimize waste generation, Future research could focus on conduct longitudinal studies to evaluate the impact of implemented waste management practices and policies on environmental and public health.
By addressing these areas, the findings from the review can be effectively implemented to enhance healthcare waste management practices, inform policy decisions, and guide future research effort.
This review was limited by the lack of information on liquid waste, healthcare waste generation rates, the use of PPE by waste handlers, and the vaccination status of wase handlers against Hepatitis B infections. Hence the following recommendations are made:
Future reviews should focus more on the management of liquid medical waste, the waste generation rate, and the protection and vaccination of waste handlers. National guidelines should be reviewed and upgraded to align with current realities and transition to sustainable alternatives such as circular economy principles. Also, there should be sufficient resource allocation, periodic training of healthcare workers on sustainable waste management from segregation to final disposal, including strong supervision and enforcement mechanisms. Developing countries should strengthen their regulation and enforcement of waste management and pollution control, invest in infrastructure and capacity building and comply with global standards for healthcare waste management.
Strength and Limitation of this review
This systematic review provides a detailed overview of healthcare waste management (HCWM) practices, including segregation, collection, storage, transportation, treatment and disposal. However, it has limitations, such as sudies mainly conducted in Africa, which could lead to geographical bias, and may not fully represent HCWM worldwide. Despite repeated search, the reviewers were unable to find published studies on HCWM that was carried out in continents like Europe, Latin American, Oceania, North America where HCWM might vary. The review also focuses more on solid healthcare waste than liquid waste management (LWM), This was due to the scarcity of research on liquid waste management highlighting the need for more research on liquid waste management in health facilities. Most studies were cross-sectional, suggesting the need for future research to consider longitudinal or experimental studies in order to account for the impact of interventions over time and to capture longitudinal changes or trends in HCWM practices. Some of the studies in this review were questionnaire based and so relied on self-reported data from health workers which may be subject to bias or inaccuracies. Observational studies or third-party assessments could provide more objective data on HCWM practices. 
 Despite these limitations, the review offers valuable insights into HCWM practices and highlights gaps, identifying areas for future research.  The review highlights the potential for applying circular economy practices in HCWM which could result in a more sustainable and efficient health system.
Conclusion
The findings revealed that most HCWM practices fall short of international standards and circular economy practices nearly non-existent. This inadequacy results in hazardous waste, such as sharps or expired drugs, posing significant health risk including the spread of infectious illnesses among patients, waste handlers, health workers, and the general population. Additionally, improper waste disposal leads to contamination of water sources, soil, and air causing long-term health problems, such as respiratory disease, cancer, and reproductive disorders. The greenhouse gases emitted from burying waste further exacerbate climate change and air pollution. 
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