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ABSTRACT 

 

Improper Medical Waste Management in Ghana: Environmental Sustainability and 

Public Health 

(Under the supervision of Professor Maria Alzira Pimenta Dinis) 

 

Handling, managing, and disposal of waste, especially biomedical waste (BMW), in 

healthcare facilities (HF), present significant challenges to Governments in sub-Saharan 

Africa. BMW is mixed with domestic waste and disposed into landfills in most 

developing countries. However, in recent times, efforts have been made to handle 

adequately and manage BMW for proper disposal due to its hazardous nature and the 

impact it poses to the environment and public health to move towards the achievement of 

some United Nations (UN) Agenda 2030, Sustainable Development Goals (SDGs). 

 

In Ghana, the government, non-governmental agencies, and individual entrepreneurs 

provide the infrastructure of HF, such as the buildings and medical equipment, while 

neglecting the proper handling of BMW, thereby affecting SDGs 3, 6, 13 to 15. Therefore, 

to address and analyse improper management practices of BMW, from generation to 

disposal, and its impact on the environment and human health in Ghana, Africa, a research 

study was conducted in six selected HF in Greater Accra and Eastern Regions of Ghana 

from March 2021 to April 2022. This thesis, resulting from that assessment, aims to 

evaluate the nature of BMW from the point of generation through transportation and 

disposal, determining the knowledge and practices of healthcare practitioners and BMW 

handlers towards handling and managing BMW and the associated potential effects on 

the environment and public health. In addition, it will appraise the content of bottom ash 

(BA) from the incinerator for the presence of oxides and heavy metals. 

 

A mixed methodological approach, integrating a qualitative and quantitative study, 

comprising descriptive and systematic review research design, was used to accomplish 

the objectives of the chapters in this doctoral thesis through questionnaires, observation, 

interviews, and laboratory work. The participants for this thesis were selected using a 
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convenience sampling technique to assess the understanding and practice of BMW 

management in Ghana. The data collected in this thesis were analysed using IBM 

Statistical Package for the Social Science (SPSS) version 27, and the chemical 

compositions of the BA were also analysed using X-ray fluorescence spectrometry (XRF) 

and atomic absorption spectroscopy (AAS). 

 

The results of work done in this thesis reveal a significant shortcoming in handling and 

managing BMW in Ghana, in relation to segregation, collection, transportation, and 

treatment/disposal methods in most HF. 11.41 tonnes of BMW are generated, with 49.1% 

being infectious and an average infectious BMW rate between 0.23 to 2.34 kg/bed/day. 

Thus, BMW generators, collectors and handlers do ineffective segregation, do not 

disinfect BMW containers, have inadequate means of transportation for BMW, and lack 

proper personal protective equipment (PPE). Eighty-seven percent (87%) of studied HF 

needs more procedural knowledge of handling liquid BMW, and 82.2% lack knowledge 

of handling expired blood. Also, 95% of patients from the studied HF have unused out-

of-date medicine at home and disposed of in waste bins. In addition, 33% of the studied 

HF has no medical technology to process the waste, while 33% use an incinerator to 

handle BMW. Nonetheless, both BMW and incinerated BA from BMW are disposed of 

in open spaces or landfills. The BA has a high concentration of heavy metal ions such as 

Fe, Zn, Ti, Pb, Cr, and other oxides that affect the environmental and human health and 

could negatively impact the achievement of UN SDGs 3, 6, 13 to 15 by 2030. 

 

Therefore, tools and logistics must be provided by the Ministry of Health, Ghana, and 

Ghana Health Service for proper handling of BMW for environmental sustainability in 

Ghana and SSA in general. Furthermore, BMW circularity needs to be implemented to 

transform generated waste for other innovative purposes like using plastics from HF for 

artifacts and pavement blocks for roads and houses, and BA for binding materials in 

construction. At the same time, regular training will ensure requisite skills and 

knowledge for improving practice in handling BMW and reducing the risks associated 

with environmental pollution, which threatens public health. This thesis will also guide 

HF in Ghana and other SSA countries in proper management of BMW and BA, which 

will contribute to preserve environmental and human health regarding the achievement 

of the UN 2030 SDGs. In the context of this thesis, the attainment of these SDGs 

specifically includes good healthy living (SDG 3), clean water and hygienic conditions 
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(SDG 6), reducing bad climatic conditions (SDG 13), decreasing pollution for a better 

life in water (SDG 14) and on land (SDG 15), protecting the environment in Ghana.  

 

Additionally, the main findings of this thesis, translated into a significant volume of 

publications in indexed SCOPUS/WoS journals and SCOPUS chapters from 2021 to 

2023, are already spreading evidence-based knowledge and are expected to assist the 

policymakers at various HF and other stakeholders such as Ministry of Health and Ghana 

Health Service for decision-making in BMW management in Ghana and SSA countries, 

with emphasizes of the meaningfulness of the research work carried out. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ix 
 

 

 

 

RESUMO 

 

Gestão Inadequada de Resíduos Médicos no Gana: Sustentabilidade Ambiental e Saúde 

Pública 

(Sob a orientação da Professora Doutora Maria Alzira Pimenta Dinis) 

 

O manuseamento, gestão e eliminação de resíduos, especialmente resíduos biomédicos 

(RBM), nas instalações de saúde (IS), apresentam-se como desafios significativos para 

os governos da África Subsaariana. Os RBM são misturados com resíduos domésticos e 

depositados em aterros em grande parte dos países em desenvolvimento. Contudo, 

recentemente, têm sido feitos esforços para tratar adequadamente e gerir os RBM para 

uma deposição adequada devido à sua natureza perigosa e ao impacto que representam 

para o ambiente e a saúde pública, a fim de progredir no alcance de alguns dos Objetivos 

de Desenvolvimento Sustentável (ODS) da Agenda 2030 das Nações Unidas (ONU). 

 

No Gana, governos, agências não governamentais e empresários individuais fornecem as 

infraestruturas de IS, tais como os edifícios e o equipamento médico, negligenciando ao 

mesmo tempo o manuseamento adequado da RBM, comprometendo, assim, os ODSs 3, 

6, 13 a 15. Portanto, para abordar e analisar as práticas de gestão inadequadas dos RBM, 

desde a sua geração até à sua deposição, bem como o seu impacto no ambiente e na saúde 

humana, no Gana, África, foi realizado um estudo de investigação em seis IS selecionadas 

na Grande Acra e nas regiões orientais do Gana, entre março de 2021 a abril de 2022. 

Esta tese, resultante dessa avaliação, visa avaliar a natureza dos RBM desde a sua geração 

até ao transporte e tratamento, determinando os conhecimentos e as práticas dos 

profissionais de saúde e dos atores associados aos RBM em relação ao seus 

manuseamento e gestão e o efeito potencial associado sobre o ambiente e a saúde pública. 

Além disso, avaliará ainda o conteúdo de cinzas de fundo (CF) do incinerador quanto à 

presença de óxidos e metais pesados. 

 

Foi utilizada uma abordagem metodológica mista, constituída por um estudo qualitativo 

e quantitativo, compreendendo uma conceção de investigação descritiva e de revisão 
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sistemática para alcançar os objetivos desta tese de doutoramento através de 

questionários, observação, entrevistas e trabalho laboratorial. Os participantes para esta 

tese foram selecionados utilizando uma técnica de amostragem amostra de conveniência 

para avaliar a compreensão e a prática da gestão dos RBM no Gana. Os dados recolhidos 

foram analisados utilizando o pacote estatístico IBM para as Ciências Sociais (SPSS) 

versão 27, e as composições químicas das CF foram também analisadas utilizando 

espectrometria de fluorescência de raios X (XRF) e espectroscopia de absorção atómica 

(EAA). 

 

Os resultados desta tese revelaram uma falha significativa no manuseamento e gestão dos 

RBM no Gana, em relação à separação, recolha, transporte, e métodos de tratamento na 

maioria das IS. Os resultados indicaram que são geradas 11,41 toneladas de RBM, sendo 

49,1% desta consideradas infeciosas e uma taxa média infeciosa de RBM que varia entre 

0,23 a 2,34 kg/cama/dia. Assim, aqueles que produzem, recolhem e manipulam os RBM 

fazem uma separação ineficaz, não desinfetam os contentores dos RBM, têm meios de 

transporte inadequados para os mesmos e carecem de equipamento de proteção pessoal 

(EPP) adequado. 87% das IS estudadas necessitam de mais conhecimentos processuais 

de manuseamento de RBM líquidos e 82,2% carecem de conhecimentos de 

manuseamento de sangue expirado. Além disso, 95% dos pacientes das IS estudadas têm 

medicamentos desatualizados não utilizados em casa que são depositados em contentores 

de lixo. 33% das IS estudados também não possuem tecnologia médica para processar os 

resíduos, enquanto 33% utilizam um incinerador para manusear os RBM. No entanto, 

tanto os RBM como o CF incineradas dos mesmos são depositados em espaços abertos 

ou aterros sanitários. As CF têm uma alta concentração de iões de metais pesados como 

Fe, Zn, Ti, Pb, Cr, e outros óxidos que afetam o ambiente e a saúde humana e podem ter 

um impacto negativo nos ODSs 3, 6, 13 a 15 até 2030. 

 

Por conseguinte, as ferramentas e a logística devem ser fornecidas pelo Ministério da 

Saúde, Gana e o Serviço de Saúde do Gana para um manuseamento adequado dos RBM 

e para a sustentabilidade ambiental no Gana e na África Subsariana em geral. Além disso, 

a circularidade dos RBM deve ser praticada para transformar os resíduos que são gerados 

para outros fins inovadores como a utilização de plásticos de IS para artefactos e blocos 

de pavimento para estradas e casas, bem como as CF para materiais ligados à construção. 

Ao mesmo tempo, a formação regular assegurará as competências e conhecimentos 
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necessários para melhorar a prática no manuseamento dos RBM e reduzir os riscos 

associados à poluição ambiental, que ameaça a saúde pública. Esta tese orientará também 

as IS no Gana e noutros países da África Subsariana na gestão adequada dos RBM e das 

CF, o que contribuirá para preservar o ambiente e a saúde humana no que diz respeito à 

realização dos ODS da Agenda 2030. A realização destes ODS inclui uma boa vida 

saudável (ODS 3), água limpa e condições de higiene (ODS 6), redução das más 

condições climáticas (ODS 13), e diminuição da poluição para uma vida melhor na água 

(ODS 14) e na terra (ODS 15), o que poderá contribuir para a proteção do meio ambiente 

no Gana.  

 

Além disso, as principais conclusões desta tese, traduzidas num volume significativo de 

publicações em revistas e capítulos indexados na SCOPUS/WoS desde 2021 a 2023, já 

estão a difundir conhecimentos baseados em evidência e espera-se que ajudem os 

decisores políticos em várias IS e outras partes interessadas, tais como o Ministério da 

Saúde e o Serviço de Saúde do Gana para a tomada de decisões na gestão dos RBM tanto 

no Gana como na África Subsariana, com ênfase no significado do trabalho de 

investigação realizado. 
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RÉSUMÉ 

 

Gestion inadéquate des déchets médicaux au Ghana : durabilité environnementale et santé 

publique 

             (Sous la direction de la Professeure Maria Alzira Pimenta Dinis) 

 

La manipulation, la gestion et l'élimination des déchets, en particulier des déchets 

biomédicaux (DBM), dans les établissements de santé (ES) sont des défis importants pour 

les gouvernements en Afrique subsaharienne. Les DBM sont mélangés aux déchets 

domestiques et éliminés dans des décharges dans la plupart des pays en développement. 

Cependant, ces derniers temps, des efforts ont été faits pour une manipulation et une 

gestion adéquates des DBM en vue d'une disposition appropriée en raison de leur 

caractère dangereux et de l'impact qu'ils ont sur l'environnement et la santé publique, afin 

de progresser vers la réalisation de certains objectifs de développement durable (ODD) 

de l'Agenda 2030 des Nations Unies (NU). 

 

Au Ghana, les gouvernements, les agences non gouvernementales et les entrepreneurs 

individuels fournissent les infrastructures des ES, telles que les bâtiments et les 

équipements médicaux, tout en négligeant la gestion adéquate des DBM, affectant ainsi 

les ODD 3, 6, 13 à 15. Par conséquent, pour aborder et analyser les pratiques de gestion 

inappropriées des DBM, de génération à disposition, et son impact sur l'environnement 

et la santé humaine, au Ghana, en Afrique, une étude de recherche a été menée dans six 

ES sélectionnés des régions du Grand Accra et de l'Est du Ghana, de mars 2021 à avril 

2022. Cette thèse, résultant de cette évaluation, vise à évaluer la nature des DBM depuis 

le point de leur génération jusqu'au transport et au traitement, en déterminant les 

connaissances et les pratiques des praticiens de la santé et des gestionnaires de DBM en 

matière de manipulation et de gestion des DBM et de leur impact potentiel sur 

l'environnement et la santé publique. En outre, elle évalue la teneur en cendres de fond 

(CD) de l'incinérateur pour la présence d'oxydes et de métaux lourds. 

 

Une approche méthodologique mixte, composée d'études qualitatives et quantitatives 

comprenant des recherches descriptives et systématiques, a été utilisée pour atteindre les 

objectifs des chapitres de cette thèse de doctorat à travers des questionnaires, des 

observations, des entretiens et des travaux de laboratoire. Les participants pour cette thèse 
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ont été sélectionnés en utilisant une technique d'échantillonnage commodité pour évaluer 

la compréhension et la pratique de la gestion des déchets biomédicaux au Ghana. Les 

données collectées pour cette thèse ont été analysées à l'aide du logiciel IBM Statistical 

Package for the Social Science (SPSS) version 27, et les compositions chimiques des CD 

ont également été analysées à l'aide de la spectrométrie de fluorescence des rayons X 

(XRF) et de la spectrométrie d'absorption atomique (AAS). 

 

Les résultats de cette thèse ont révélé une lacune significative dans la gestion des DBM 

au Ghana, en ce qui concerne la ségrégation, la collecte, le transport et les méthodes de 

traitement dans la plupart des ES. Les résultats ont indiqué que 11,41 tonnes de BMW 

sont générées, dont 49,1% sont infectieuses, avec un taux moyen d'infectiosité compris 

entre 0,23 et 2,34 kg/lit/jour. Ainsi, les générateurs, collecteurs et manipulateurs de DBM 

effectuent une ségrégation inefficace, ne désinfectent pas les conteneurs de DBM, 

disposent de moyens de transport inadéquats pour la DBM et ne disposent pas d'un 

équipement de protection individuelle adéquat. 87% des ES étudiées ont besoin d'une 

connaissance procédurale plus poussée pour manipuler les DBM liquides, et 82,2% ne 

connaissent pas la manipulation du sang expiré. De plus, 95% des patients des ES étudiées 

ont des médicaments non utilisés et périmés à la maison, qu'ils jettent dans les poubelles. 

De plus, 33% des ES étudiées ne disposent pas de technologie médicale pour traiter les 

déchets, tandis que 33% utilisent un incinérateur pour manipuler les DBM. Néanmoins, 

à la fois les DBM et les CD incinérées sont jetées dans des espaces ouverts ou des 

décharges. Les CD contiennent une forte concentration d’ions de métaux lourds tels que 

Fe, Zn, Ti, Pb, Cr et d’autre oxydes qui affectent la santé environnementale et humaine 

et pourraient avoir un impact négatif sur la réalisation des ODD de l’ONU 3, 6,13 à 15 

d’ici 2030. 

 

Par conséquent, le Ministère de la Santé du Ghana et le Service de Santé du Ghana doivent 

fournir des outils et des moyens logistiques pour assurer une gestion appropriée des BMW 

en vue de garantir la durabilité environnementale au Ghana et en Afrique subsaharienne 

en général. De plus, la circularité DBM doit être pratiquée pour transformer les déchets 

générés à d'autres fins innovantes comme l'utilisation de plastiques de ES pour les 

artefacts et les pavés pour les routes et les maisons, et CD pour les matériaux de liaison 

dans la construction. En outre, une formation régulière permettra d'acquérir les 

compétences et les connaissances nécessaires pour améliorer la gestion des DBM et 
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réduire les risques associés à la pollution environnementale, ce qui menace la santé 

publique. Cette thèse guidera également les établissements de santé au Ghana et dans 

d'autres pays d'Afrique subsaharienne dans la gestion adéquate des DBM et des CD, 

contribuant ainsi à préserver la santé environnementale et humaine dans le cadre de la 

réalisation des ODD des Nations unies à l'horizon 2030. La réalisation de ces ODD 

comprend une vie saine et de qualité (ODD 3), de l'eau propre et des conditions d'hygiène 

(ODD 6), la réduction des mauvaises conditions climatiques (ODD 13), la diminution de 

la pollution pour une vie meilleure dans l'eau (ODD 14) et sur la terre (ODD 15), qui 

pourraient protéger l'environnement du Ghana. 

 

De plus, les principales conclusions de cette thèse, traduites en un volume important de 

publications dans des revues et des livres indexés SCOPUS/WoS depuis 2021 à 2023, 

diffusent déjà des connaissances fondées sur des preuves et devraient aider les décideurs 

dans les différents ES et les autres parties prenantes, telles que le Ministère de la Santé et 

les Services de Santé du Ghana, dans la prise de décisions en matière de gestion de DBM 

au Ghana et dans les pays de la SSA, soulignant ainsi l'importance de la recherche 

effectuée. 
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INTRODUCTION 

 

Management of biomedical waste (BMW) became noticeable after United Nations 

Conference on Environment and Development (UNCED) in 1992, held in Brazil. BMW 

management has become one of the essential topics for discussion by governments, 

scientific researchers, and other non-governmental organizations due to its potential 

occupational hazards, environmental impacts, and public health implications 

(Mochungong, 2011). 

 

The growing affluence in sub-Saharan Africa (SSA) countries by human activities has 

increased the generation of BMW, which requires special attention and skills to dispose 

of and manage due to the risks and threat it poses to the environment and public health 

(Debrah et al., 2021b). However, BMW is poorly managed in developing countries, 

especially the SSA countries, because of rapid population growth, an increase of 

healthcare facilities (HF) (Ara et al., 2022; Khatib, 2011; Kwikiriza et al., 2019; Wafula 

et al., 2019), and a lack of technological treatment facilities before disposal of BMW 

(Debrah et al., 2022), indicated in Figure 1, negatively influencing United Nations (UN) 

2030 Sustainable Development Goals (SDGs) in Table 1. According to the World Health 

Organization (WHO, 2018), BMW from HF comprises 15 % of infectious waste (e.g., 

pharmaceuticals and pathological waste, sharps, contaminated blood, human tissues, 

chemicals, and radioactive materials, and effluents from mortuaries). The remaining 85% 

of non-hazardous waste come from stores, offices, and kitchens. 
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Figure 1. Disposal of BMW through (a) dumping in an open space, (b) BMW 

dumped a short distance from the HF, (c) burning of BMW in a pit, and (d) ashes 

of BMW left after burning in the pit.  
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Table 1: Poor handling of biomedical waste in developing countries and affected SDGs. 

 

BMW handling issues 
BMW Poor handing 

implications 
Involved SDGs  

   

 

Poor segregation of BMW 

Burning of BMW 

Dumping of BMW in 

uncontrollable landfill 

 

 

 

Transmissions of parasitic and 

other infectious diseases, for 

example, hepatitis, candida, 

cholera, typhoid, and HIV  

 

 

 

   

 

 

Unsegregated BMW 

Dumping of BMW in an 

open space 

 

 

 

BMW litters the land and 

water bodies, resulting in land 

and water pollution 

 

 

 

 

Burning of BMW with 

incinerator or open. 

BMW disposed of in 

landfills and decomposed. 

 

 

The burning and 

decomposition of BMW emit 

gases such as CH4, N2O, H2S, 

NH3, and other particulate 

matter that contributes to the 

depletion of the ozone layer. 

 

 

Leachate of chemicals 

from incinerated BMW 

contains heavy metals like 

Pb, Hg, Ni, Cr, Zn, Cu, Ti, 

and Fe. 

Leaching of chemicals 

from the decomposed 

BMW enters underground 

and surface waters 

Heavy metals leached into 

water bodies are consumed by 

fishes and other aquatic 

organisms, thereby affecting 

reproductively, and disrupting 

the food chain. 

 

 

The indiscriminate 

dumping of BMW in 

spaces and release of 

heavy metals from bottom 

ash (BA) of incinerated 

BMW 

 

 

The heavy metals affect life 

on land by causing stunted 

growth in plants. It can cause 

cancer and heart diseases in 

humans, which reduces the 

life expectancy rate on earth. 
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Studies conducted in developing countries indicate that BMW is generally handled and 

disposed of as waste in an open landfill or using an incinerator (Agbere et al., 2021; 

Borowy, 2020; Coker et al., 2009; Hassan et al., 2008; Karungamye et al., 2022), has 

necessitated proper management for ecological stability. For example, in Pakistan, an 

estimated 30-40% of hazardous BMW is produced (Nosheen et al., 2022), and 50.4% of 

infectious BMW in India (Thind et al., 2021). Other countries within SSA, including 

Ethiopia, generates 48% infectious BMW (Gebremeskel et al., 2021) and an average of 

50% infectious BMW is found in Tanzania (Manyele & Lyasenga, 2010; Mwaria. et al., 

2021). The infectious BMW could transmit pathological diseases (Das et al., 2021; 

Subramanian et al., 2021) such as cholera, typhoid, hepatitis, polio, among others (Gerba 

& Pepper, 2019; Nichols et al., 2018) if not adequately managed, and could pose a severe 

threat to the environment and public health affecting the achievement of UN 2030, SDGs 

3, 6, 13 to 15 (Debrah et al., 2021a; Debrah et al., 2022; Filho et al., 2022) as indicated 

in Figure 2. 

 

In Ghana, research on waste management has been directed toward domestic waste, the 

challenges of waste management, institutional arrangement, and technological options 

(Anomanyo, 2004; Kanhai et al., 2021). Nevertheless, more needs to be done on BMW 

management, in Ghana (Bamfo-Tanor & Owusu-Agyei, 2013; Odonkor & Mahami, 

2020). Wilson et al. (2006) study on BMW management in Korle-Bu and Komfo-Anokye 

Teaching Hospitals, the two largest teaching hospitals in Ghana, revealed that BMW 

management practices were not in conformity with the Ghana Environmental Protection 

Agency guidelines, and that is expected to negatively affect the ecological system and 

prevent the actualization of the UN 2030 SDGs agenda, especially given the vast volume 

of BMW generation resulting from the current dynamic population size, different kinds 

of disease outbreaks, and the spread of accessible HF in Ghana and the world in general. 
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Figure 2. Relationship between improper handling of BMW and SDGs in SSA 

Countries. 

 

The improper handling and disposal of BMW exposes the environment to toxic emissions 

from the decomposition and burning of BMW, through emission of CH4, CO2, N2O, and 

NH3, odour from the foul stench, and the conducive environment created for the vermin 

to breed. Most developing countries are making all the necessary effort to ensure proper 

BMW management (Datta et al., 2018; Rajan et al., 2019). However, despite all the steps 

to provide adequate sanitation and proper BMW management, several issues, such as 

unregulated BMW treatment, disposal, and transportation of non-segregated BMW due 

to inadequate knowledge, are linked to several public health threats. Given that, this 
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doctoral research aimed to examine and explore the environmental and public health 

impacts of improper BMW management practices, from generation through 

transportation to disposal, in Ghana, Africa.  

 

This research aimed to investigate the process and nature of medical waste in Ghana by 

assessing how BMW is generated, collected, and transported. It also examined how BMW 

is stored temporally, handled, and disposed of and assessed the knowledge and practices 

of BMW generators and handlers towards BMW management associated with its 

potential environmental and public health effects. The study further analysed the oxides 

and inorganic metal content in the BA produced from BMW incinerators and its possible 

effect on human health and the environment, preventing the realisation of UN SDGs 3, 6, 

13 to 15 by 2030 through the following research questions: 

 

1. What is the nature of BMW collected, temporarily stored, and transported from the six 

HF in Ghana?  

2. How does the BMW generated at the HF managed?  

3. What is the contribution of improper BMW management to the environmental and public 

health burden in Ghana?  

4. How important are BMW incinerators and other disposal choices for BMW to the health 

of susceptible populations within a particulate area?  

 

The above aims, objectives and research questions are further illustrated in Figure 3. 
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Figure 3. Overview of aim, objectives and research questions of thesis and 

connection to chapters.  

The overall aim of the thesis:  

To explore environmental and public health 

impacts of improper management of practice of 

BMW in Ghana, Africa. 

                     Objectives 

Understand the total overview 

of waste management in 

developing countries through 

a systematic literature review. 

Assess the knowledge and 

practices of handling BMW 

by health professionals and 

BMW handlers. 

Investigate the process and 

nature of BMW in Ghana’s 

HF by assessing BMW 

generation, collection, and 

transportation. 

Examine how BMW is stored 

temporally, treated, and 

disposed. 

Analysed the oxides and 

metal content in the BA 

produced from BMW 

incinerators and a possible 

effect on the ecosystem. 

What is the nature of 

BMW collected and 

transported from HF 

in Ghana? 

How does BMW 

generate and 
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managed to the health 

of the susceptible 

population within 

communities? 

What factors 

influence poor waste 

management in 

developing countries? 

What is the 
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BMW management to 
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 To address the aim and respond to the research questions of this thesis, one-year research 

(March 2021 to March 2022) was carried out in six selected HF in Eastern and Greater 

Accra regions in Ghana. A mixed approach, a combination of the quantitative and 

qualitative methods (Maanen, 2007), was used to analyse the objectives, as shown in 

Figure 4. The qualitative approach evaluates the nature and assessment of knowledge and 

practices through critical observation, interviews, and text analysis. At the same time, the 

quantitative method focuses on the treatment of data obtained from questionnaires and 

laboratory analytical instruments such as X-ray fluorescence spectrometry (XRF) and 

atomic absorption spectroscopy (AAS). 

 

Figure 4. Mixed method approach used for the chapters.  

Quantitative and 

qualitative design 
Descriptive cross-

sectional design 

Systematic 

review design 

Thesis 

Mixed methodology 
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The findings of this research thesis have been published in SCOPUS indexed articles and 

book chapters, in order to spread knowledge associated with evidence-based intervention 

for the scientific world and policymakers, especially in Ghana, while simultaneously 

contributing to solving similar problems in other developing countries. These selected 

published articles and book chapters have been compiled, organized, and integrated into 

five different chapters in the thesis as shown in Table 2. 

 

Table 2: Some publications resulting from the research work within this thesis. 

Chapter Title Reference 

   

I Raising Awareness on Solid 

Waste Management through 

Formal Education for 

Sustainability: A Developing 

Countries Evidence Review 

Debrah et al. (2021b) 

II Assessment of biomedical 

waste handling in Ghana 

Debrah et al. (2022c) 

III Sustainable Pharmaceutical 

Waste Management: 

Pharmacist and Patient 

Perception in Ghanaian 

Hospitals 

Debrah et al. (2022d) 

 

IV Managing medical waste in 

Ghana-the reality 

Debrah et al. (2021c) 

 

V Chemical characteristics of 

bottom ash from biomedical 

waste incinerators in Ghana 

 

    Debrah and Dinis (2023) 

 

 

 The first research chapter, entitled "Raising Awareness on Solid Waste Management 

through Formal Education for Sustainability: A Developing Countries Evidence Review," 

(Debrah et al., 2021b), presents a systematic review of solid waste management in 

developing countries. This study identifies a lack of environmental knowledge, 
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awareness, and attitudes toward good practices for sustainable solid waste management 

in developing countries due to teachers' lack of understanding of ecological sustainability 

leading to sustainable development. 

 

The second chapter, entitled "Assessment of biomedical waste in Ghana," (Debrah et al., 

2022c) evaluates the knowledge and practice of BMW by healthcare professionals (BMW 

generators) and BMW handlers for proper waste management towards SDGs 3, 6, and 13 

achievements. 

 

Although BMW is generated in HF, pharmaceutical waste types of BMW are found in 

homes in Ghana. Given this, the third chapter of this thesis entitled "Sustainable 

Pharmaceutical Waste Management: Pharmacist and Patients Perception in Ghanaian 

Hospitals" (Debrah et al., 2022d), published in the Handbook of Sustainability Science 

in the Future: Policies, Technologies, and Education by 2050, by Springer Nature, seek 

to analyse the perception of handling of pharmaceutical waste products generation by 

pharmacists in HF and patients in various homes in Ghana for environmental 

sustainability and public health.  

 

The fourth chapter entitled "Managing medical waste in Ghana-the reality," (Debrah et 

al., 2021c) estimates and quantity of BMW generated in the select HF. Moreover, it 

determines the factors that influence the generation of BMW. It also shows how the 

generated BMW is handled, which determines the achievement of UN SDGs 3 and 6 

by 2030. 

 

Finally, the fifth chapter, titled "Chemical characteristics of bottom ash from biomedical 

waste incinerators in Ghana," (Debrah and Dinis, 2023), published by Environmental 

Monitoring and Assessment, Springer Nature, analyses the content of heavy metals and 

oxide in the generated BA in select HF. The chapter deals with the possible effects of 

heavy metals and oxides on the environment and public health and their impact on SDGs 

3, 6, 13 to 15.  

 

Though this thesis comprehends five selected chapters, other relevant indexed 

publications were developed side by side with the general aim of the doctoral program to 

enhance the development of scientific knowledge in the context of BMW. Selected 
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publications have been chosen to be integrated into this thesis to deepen the understanding 

of waste management sustainability for public health. 

 

Experimental work developed in this thesis research was approved by the Ghana Health 

Service Ethics Review Committee (GHSERC), reference GHS-SEC.002/11/20, per 

guidelines and strict COVID-19 protocol. During the research, a design consent form was 

issued to participants and also translated into the local language for those who could not 

comprehend English. The confidentiality of respondents' data was assured, with names 

being excluded from the questionnaires.
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CHAPTER I - Raising Awareness on Solid Waste Management through               

Formal Education for Sustainability: A Developing Countries Evidence Review 

 

This chapter investigates the causes of the poor solid waste management problem in 

developing countries. It identifies the gap for a broader understanding of awareness 

creation, which raises environmental sustainability and public health issues in developing 

countries. This review revealed that students have low environmental knowledge within 

developing countries. This low level of knowledge is due to a lack of teachers’ practical 

experience in waste management and the absence of modern-day practical environmental 

educational curricula.  

  

In this review article, the first author participated in the conceptualization, development 

of   methodology, validation, formal analysis, investigation, data curation, and the writing 

and editing of the manuscript. The complete citation of the publication is presented below: 

 

Debrah, J. K., Vidal, D. G., & Dinis, M. A. P. (2021). Raising Awareness on Solid Waste 

Management through Formal Education for Sustainability: A Developing Countries 

Evidence Review. Recycling, 6(1), 1–21. 

 https://doi.org/10.3390/recycling6010006 

 

Open access: article distributed by MDPI under the terms and conditions of the Creative 

Commons Attribution (CC BY) license.  

(https://creativecommons.org/licenses/by/4.0/)

https://doi.org/10.3390/recycling6010006
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CHAPTER II - Assessment of biomedical waste handling in Ghana 

 

This chapter assesses the knowledge of handling BMW in selected HF in Ghana in 

response to one of the thesis objectives which is to evaluate the knowledge and practices 

of handling BMW by health professionals and BMW handlers and investigate the process 

and nature of BMW in Ghana’s HF by assessing BMW generation, collection, and 

transportation. 

 

A structured self-administered questionnaire was set up to collect data from health 

professionals and waste collectors to determine the understanding of BMW and its impact 

on the environment and human health. This study allows to realise a knowledge gap in 

handling liquid BMW and human tissues. Only 13% of the participants indicated 

adequate procedural knowledge in handling the BMW with 17.8% demonstrating the 

ability in handling expired blood units. 

 

In this article, the first author participated in the conceptualization, development of 

methodology, validation, formal analysis, investigation, data curation, and the writing and 

editing of the manuscript. The complete citation of the publication is presented below: 

 

Debrah, J. K., Wahaj, Z., Sadaf, L., & Dinis, M. A. P. (2022). Assessment of biomedical 

waste in Ghana. International Journal of Environmental Studies.  

https://doi.org/10.1080/00207233.2022.2135891 

 

Taylor & Francis is pleased to offer reuses of its content for a thesis or dissertation free 

of charge contingent on resubmission of permission request if work is published. 

customercare@copyright.com 
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CHAPTER III - Sustainable Pharmaceutical Waste Management: Pharmacist and 

Patient Perception in Ghanaian Hospitals 

 

This chapter focuses on the pharmaceutical waste (PW) management part of BMW 

generated by both HF and various homes, and its significant effect on individual 

households within Ghana, due to the current abuse of expired pharmaceutical products in 

SSA countries. It does not restrict the knowledge and attitude of handling and 

management of PW by the BMW generators such as physicians, nurses, pharmacists, 

laboratory technicians, and especially pharmacists. It also investigates patients using 

medications at home. The result from this chapter indicates inadequate knowledge and a 

lack of logistics in segregating PW in HF and households. The unsegregated PW in HF 

and expired or unused medication in the home is disposed of in landfills, burry, and 

openly burnt, affecting ecological sustainability and human health. This could avert the 

realisation of UN SDG 3 (good health), SDG 6 (clean water and sanitation), SDG 13 

(good climatic condition), SDG 14 (better life below water), and SDG 15 (good life on 

land).  

 

In this publication, the first author participated in the conceptualization, development of 

methodology, validation, formal analysis, investigation, data curation, and the writing and 

editing of the manuscript. The complete citation of the publication is presented below: 

 

Debrah, J. K., Vidal, D. G., Dinis, M. A. P (2022). Sustainable Pharmaceutical Waste 

Management: Pharmacist and Patients Perception in Ghanaian Hospitals. In: In 

Handbook of Sustainability Science in the Future. Walter Lea. Cham, Switzerland: 

Springer Cham pp 425–437. 

https://doi.org/10.1007/978-3-030-68074-9_131-1 

 

Springer Nature permission license no: 5396610530211 

https://doi.org/10.1007/978-3-030-68074-9_131-1
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CHAPTER IV - Managing medical waste in Ghana - the reality 

 

This chapter reports on the estimated amount of BMW generated by selected HF in Ghana 

and the factors influencing the BMW generations and threatening the ecosystem and 

human health. This quantitative approach revealed the failings in handling and managing 

BMW and the parameters influencing the generation of BMW in the investigated HF. 

Segregation of BMW is not correctly practiced with BMW from HF uncontrollably 

combusted in open burning and dumping, which could negatively affect human health 

(SDG 3), hygienic environment (SDG 6), climate change (SDG 13), better life in water 

(SDG 14) and healthy life on land (SDG 15). This study is expected to help HF managers 

in Ghana plan and budget for the management of BMW. 

 

In this publication, the first author participated in the conceptualization, development of 

methodology, validation, formal analysis, investigation, data curation, and the writing 

and editing of the manuscript. The complete citation of the publication is presented 

below: 

 

Debrah, J. K., Carlotto, I. N., Vidal, D. G., Dinis, M. A. P. (2021). Managing medical 

waste in Ghana - the reality. International Journal of Environmental Studies, 1-17. 

https://doi.org/10.1080/00207233.2021.1994752  

 

Taylor & Francis is pleased to offer reuses of its content for a thesis or dissertation free 

of charge contingent on resubmission of permission request if work is published. 
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CHAPTER V - Chemical characteristics of bottom ash from biomedical waste 

incinerators in Ghana 

 

This chapter sought to respond to the thesis objective by analysing the level of pollutants 

in the BA of the incinerated BMW using X-ray fluorescence spectrometry (XRF) and 

atomic absorption spectroscopy (AAS) techniques to determine heavy metals and the 

oxides in the ash. Due to the hazardous nature of heavy metals in the analysed BA samples 

resulting from improper handling of BMW, BA must be appropriately disposed of to 

prevent leachate of heavy metal ions from reducing its effect on the environment and 

public health towards the accomplishment of UN 2030 SDGs. These SDGs include 

improved health (SDG 3), clean sanitation (SDG 6), better climate change (SDG 13), 

healthy life in water (SDG 14) and good life on land (SDG 15).  

 

In this publication, the first author participated in the conceptualization, development of 

methodology, validation, formal analysis, investigation, data curation, and the writing and 

editing of the manuscript. The complete citation of the publication is presented below: 

 

Debrah, J. K., & Dinis, M. A. P. (2023). Chemical characteristics of bottom ash from 

biomedical waste incinerators in Ghana. Environmental Monitoring and Assessment, 

Springer Nature, 195:568.   

https://doi.org/10.1007/s10661-023-11132-w 

 

Springer Nature permission license no: 5556540110372 
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DISCUSSION 

 

Developing countries have significant challenges relating to several aspects of the UN 

SDGs by 2030 agenda, and proper handling and management of waste is of one of 

particular significance because it has implications in almost every SDG. The absence of 

infrastructure (Castellani et al., 2022; Debrah et al., 2022b; Kanwal et al., 2022), lack of 

enforcement regulations (Kouam & Asongu, 2022; Ogutu et al., 2021), and policy 

frameworks (Ghosh et al., 2022; Hannan et al., 2020) in waste management within 

developing countries is affecting the achievement of SDGs. Proper handling and 

managing of waste such as BMW through segregation, reduces and prevents waste 

generation (Andeobu et al., 2022; Dehal et al., 2022), minimises transmission of diseases, 

contributes to the quality of health SDG 3, prevents dumping waste in opened landfills, 

and improves water and sanitation SDG 6. Proper handling and managing of BMW again 

minimise leachate of heavy metals into water bodies and uncontrollable burning of waste 

to reduce the negative effect of climate change and the impact on earth SDG 13 to 15 and 

influence environmental sustainability and development. Therefore, this discussion 

highlights the relevant aspect of this thesis and how it contributes towards advancing the 

SDGs for sustainable development in SSA, with Ghana as the focus of the study.  

 

Waste management, especially BMW, is a significant issue in SSA countries (Debrah et 

al., 2021b; Tirkolaee et al., 2021), with Ghana being no exception (Arimiyaw et al., 2021; 

Debrah et al., 2021a, 2022). Given that, one of the objectives of this thesis, is to 

investigate the nature and process of BMW management and practice and examine how 

BMW is stored temporally and disposed of in Ghana. Chapter four of this thesis draws 

attention to the fact that there are flaws or deficiencies in the handling of BMW from 

sorting through to storage, that is, segregation, collection, transportation and storage in 

the selected HF, which resulted in a rise in the volume of infectious BMW generation 

(Dharmaraj et al., 2021; Saini et al., 2022), hindering the achievement of SDGs 3, 6 and 

13 by 2030. The six studied HF generated 11.42 tonnes of BMW between March to May 
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2021, of which 5.61 tonnes was infectious, with a rate of 0.95 kg/bed/day, exceeding the 

0.2 kg/bed/day recommended by WHO (2018) for SSA countries. The poor handling 

process of BMW found in this study is similar to studies by Olaniyi et al. (2018) in South 

Africa, Agbere et al. (2021) in Togo and Akpan & Olukanni (2020) in Nigeria in SSA 

and Chand et al. (2021) in India, and Hani & Sarfaraz (2021) in Pakistan, Asia. This, 

therefore, poses a global threat to the environment and human health that could delay the 

achievement of SDGs 3, 6, 13 to 15.  

 

To ensure this problem is minimised in Ghana and other SSA countries, this thesis 

suggests a holistic approach to BMW management, i.e., the provision of logistics and 

infrastructure in managing and handling BMW. This could transform BMW circularly 

(Antoniadou et al., 2021; Sharma et al., 2021) to achieve SDGs by 2030 and protect the 

environmental sustainability. It is noticed that the HF needs to have the appropriate 

logistics and equipment, such as bins and BMW disposal equipment, to properly handle 

and manage BMW generated for environmental preservation to accomplish SDGs 3 and 

6.  The lack of logistics in managing BMW found in this study is similar in countries like 

Kenya (Mbuvi et al., 2022), Nigeria (Ilesanmi et al., 2021), and Benin (Davou et al., 

2022), hindering environmental sustainability due to lack of adequate investment by 

stakeholders and other entrepreneurs in the management of BMW (Debrah et al., 2022b; 

Dinis et al., 2022). 

 

Chapters two and three in this thesis aim to analyse the objective that assesses knowledge 

and practices of handling BMW by health professionals and BMW handlers. These two 

chapters of this study reveal that health professionals in Ghana are unable to handle and 

manage the waste, i.e., BMW, due to insufficient knowledge, lack of waste awareness 

resulting in lack of education (SDG 4) (Alharbi et al., 2021; Debrah et al., 2021b; Kenny 

& Priyadarshini, 2021). Moreover, the lack of tools and logistics (Dang et al., 2021; 

Debrah et al.,  2022b) poorly influence the management of BMW and negatively impacts 

health (SDG 3), water and environmental hygiene (SDG 6), Climate change (SDG 13), 

pollution in water (SDG 14) and pollution on land (SDG 15). Therefore, reducing BMW 

in HF for ecological stability and protection of human health depends on the knowledge, 

attitude, and practice of the BMW handlers (Krishnamoorthy et al., 2022; Nosheen et al., 
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2022). Proper handlings of BMW contribute to a better waste management process, 

contributing to the achievement of SDGs such as health and wellbeing (SDG 3), sanitation 

(SDG 6), climate action (SDG 13), life below water (SDG 14) and land (SDG 15). BMW 

generators, i.e., nurses, physicians, pharmacists, and laboratory, among others, and the 

BMW handlers in studied HF lack adequate knowledge in handling BMW to practice 

thorough segregation of BMW. This situation could cause cross-contamination of waste 

and affect ecological sustainability, resulting in nonattainment of UN agenda 2030 SDGs 

such as SDGs 3, 6, 13 to 15. The lack of knowledge is similar to the one reported in a 

review study conducted by Khan et al. (2019) on healthcare waste management in Asian 

countries where healthcare workers lacked knowledge, attitudes and practices of handling 

and management of BMW. Also, a study by Leonard et al. (2022) reported that 

improperly handled BMW was as a result of limited knowledge to practice segregation, 

which contributes to improper BMW management in developing countries. Studies have 

shown that poor management of BMW in the SSA countries results in the emissions of 

CH4, CO, and other gases negatively affecting climate change, SDG 13 (Chand et al., 

2020, 2021; Chisholm et al., 2021). This also transmits diseases (Zikhathile, & Atagana, 

2018) and other blood diseases like HBV (Sharma et al., 2021; Souza-Silva et al., 2021), 

HCV (Homaeigohar et al., 2021; Souza-Silva et al., 2021), HIV/AIDs (Ebomah et al., 

2022; Fuseini et al., 2021) and other blood borne pathogens (Sherine et al., 2020). 

Furthermore, it serves as a breeding source for insects such as cockroaches, and mites 

(Wankhede & Wanjari, 2021), which affect human health, SDG 3. 

 

The results expressed in chapter three of this thesis further show that poor handling of 

BMW, like pharmaceutical waste, is not restricted to health professionals but also to 

patients who visit HF. Unused pharmaceutical products, for instance, medications, are not 

segregated. Patients disposed of unused medicines into waste bins, burning or burying 

them similar to studies conducted in Nigeria (Salim et al., 2022), South Africa (Magagula 

et al., 2022), and Tanzania (Marwa et al., 2021), posing environment and public health 

issues for non-attainment of UN, SDGs 3, 6, 13 to 15 by 2030. This thesis has filled a 

knowledge gap in handling and managing BMW, especially liquid BMW and unused 

pharmaceutical products by healthcare workers, waste handlers, and patients in Ghana, 

SSA. Therefore, education on appropriate handling of BMW and using drugs at home 
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must be encouraged. Also, the regulations and policies of BMW must be reviewed to fill 

the existing gap for better implication, to reduce the threat posed by the poor handling of 

BMW for a sustainable environment in Ghana and other SSA countries for the success of 

SDGs, especially SDGs 3 and 6. Furthermore, to minimize the abundant unused 

pharmaceutical medication, citizens should be incentivized to return unused drugs for a 

sustainable environment. 

 

The handling of BMW, estimating the quantity and the parameters that influence BMW, 

understanding the management of BMW, and disposal of BA resulting from BMW 

incineration in chapter five of this thesis need to be appropriately addressed since it could 

negatively affect ecosystems and humans. For example, improper handling of BMW and 

poor disposal of BA could cause the leaching of heavy metals into water bodies, 

groundwater, and soil, polluting the environment and possibly causing respiratory cancer 

and other issues affecting human health (Mozhi et al., 2022; Munawer, 2018). Therefore, 

for sustainable BMW management to be realized in Ghana and the other SSA countries, 

BMW, which are improperly segregated and incinerated with the BA disposed of in 

landfills, must be transformed into valuable products for reuse, recycled, and repaired 

(circular economy) for sustainable development. It will ensure the achievement of SDGs, 

especially SDG 3, 6, 13 to 15, for sustainable development. 

 

The results of this thesis research are of fundamental importance in Ghana, SSA countries, 

and other developing countries in fulfilling the scientific knowledge gap in handling and 

managing BMW. Therefore, the findings from this thesis which are published in SCOPUS 

and or /WoS indexed journals or book chapters are anticipated to assist government 

agencies such as Environmental Protection Agency (EPA Ghana), Ministry of Local 

Government, Decentralization and Rural Development, and Ministry of Environment 

Science and Technology that are involved in the management of BMW for policy 

direction in the attainment of UN SDGs, good health (SDG 3), healthy hygienic 

environment (SDG 6), good climatic condition (SDG 13), better life in water (SDG 14) 

and land (SDG 15) in Ghana by 2030. 
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CONCLUSIONS 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

BMW is hazardous and serves as a suitable medium for the growth of microorganisms 

and disease transmission. It consists of contaminated blood, unused medications, sharps, 

and human tissues from HF. Handling and managing BMW is essential to lower the 

negative impact on the environment and human health. The improper management of 

BMW in Ghana and the remaining SSA countries could be one of the main contributing 

factors toward the non-attainment of the UN 2030 agenda, SDGs 3, 6, and 13 to 15.  

 

A mixed methodological approach was used to conduct a research in six selected HF in 

the Eastern and Greater Accra Regional part of Ghana, aiming to determine the process 

and nature of BMW handling and management using questionnaires, observations, 

weighing of BMW for experimental work, and laboratory analysis. The responses to this 

thesis research questions were assessed using quantitative, qualitative, descriptive, and 

systematic review research designs. The data were analysed using IBM Statistical 

Package for the Social Science (SPSS) version 27 and XRF and AAS for the BMW BA 

chemical composition.  

 

In finding responses to the research questions in this thesis, it is found that although the 

Ministry of Health, Ghana, has all the policies and laws regulating BMW, Ghana Health 

Service should focus on its implementation process to lessen the shortcomings in BMW 

handling and management in the studied HF. This thesis allowed to understand that the 

segregation of waste, in general, is a significant environmental and health problem in 

Ghana and other developing countries. BMW is improperly segregated, collected, 

transported, and disposed of despite the hazardous nature of BMW per this thesis. The 

response to the research question number two, "how does the BMW generated at the HF 

managed", in chapter four of this thesis revealed that the selected and analyse HF 

generated 11.41 tonnes of BMW, with 49.1% being infectious. 50% of the studied HF 

had no technological equipment to handle BMW, with almost 33% uncontrollably 



Improper Medical Waste Management in Ghana: Environmental Sustainability and 

Public Health 
 
 
 
  

113 
 

practicing open burning and dumping of BMW. The remaining HF uses specialized 

equipment, such as an autoclave and incinerator, for handling BMW. 

 

Lack of proper understanding in handling BMW has resulted in an enormous volume of 

contagious BMW owing to improper handling of BMW. Chapters two and three in this 

thesis allows to find that there is a considerable knowledge gap in handling liquid BMW 

and human tissues by healthcare practitioners and waste handlers in Ghana. For example, 

87% of the HF respondents needed knowledge of handling liquid BMW, while 63.9% did 

not know about handling human tissue. 71.6% of patients disposed of pharmaceutical 

waste in bins at home. Therefore, HF must reinforce regular training on handling BMW 

in HF to enhance proper BMW handling and ensure and reduce BMW's threat to the 

environment and human health. 

 

In answering to the research question number three, "what is the contribution of BMW 

management to the environment and public health burden in Ghana", chapter five of this 

thesis, allow to recognise that BA generated from the poorly segregated BMW incinerator 

had a significant amount of CaCO3, CaO, and higher concentrations of Ti, Fe, Zn, Pb, Cu, 

and Cr, heavy metals, above WHO permissible soil limits. The improper handling of 

BMW and disposal of BA from BMW incinerators reported in this thesis could pollute 

the air, land, and water bodies through leachate and odours, resulting in skin diseases and 

cancer. In addition, it could also cause respiratory diseases and serve as a breeding ground 

for insects, which can negatively impact the ecosystem and hinder materialisation of 

SDGs 3, 6, and 13 to 15. Properly managing and handling BMW will protect the 

environment and human health for sustainable development. 

 

Implication and recommendations 

 

UN 2030, SDGs 3, 6, 13, to 15 agenda could be attained in Ghana and the remaining SSA 

countries if there is continuous training in the handling of BMW in HF and private sector 

participation in the management of BMW. The private sector must be encouraged to 

invest in appropriate technological equipment to handle BMW. This could prevent the 

traditional linear method of handling BMW to a circular economy where BMW is 
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transformed, reused, repaired, and recycled. The repair, reuse, and recycling of BMW 

will limit the use of raw materials in HF and predominately decrease the generation of 

BMW for disposal at landfills which could pose a risk to HF communities and society in 

general. This reduces possible transmission of diseases such as hepatitis, syphilis, tetanus, 

and HIV/AIDs through infectious medical equipment and trading used syringes and 

expired medication in communities. Furthermore, the technology and safe handling of 

BMW will cut down the contamination of the water supply with BMW, which could have 

exposed plants, humans, and wildlife in society to toxicities. The circularity of BMW 

could prevent biological threats in SSA countries since improper disposal of BMW could 

be a good ground for terrorist attacks. 

 

This thesis will serve as a specific interventional study to help improve the management 

of BMW in HF toward achieving SDGs in Africa. The work carried out within the scope 

of this thesis is of particular interest to Ghana and other developing countries, where there 

is a need to access more scientific information focusing on the environmental and health 

issues involving waste. Additionally, the findings will be communicated to the Ministry 

of Health and Ghana's health service for possible policy decisions and shared with 

selected HF for internal policy directions to ensure a sustainable environment. 

Supervision of BMW will contribute to the protection of the environment and protect 

human health. 

The published result of this thesis in the indexed SCOPUS/WoS journals and books is 

propagating evidence-based knowledge information on BMW to the scientific 

community of SSA and other developing countries.  

 

Limitations and further studies 

 

In exploring the environmental and public health impacts of the improper management 

practices of BMW, this thesis investigated the processes and nature of handling BMW. 

The oxides and inorganic metal content were analysed in the BA of incinerated BMW. 

The study presented in the chapters two to five of this thesis identified significant 

knowledge gaps in managing BMW and addressed limitations. The research was pursued 

in 2020/2021, during Ghana's rising COVID- 19 pandemic, and BMW was not sorted for 
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classification before incinerating. Additionally, most participants were not responding to 

open-ended questionnaires about detailed knowledge of managing and handling BMW, 

maybe due to given work overload. Therefore "experimental research on training in 

awareness and exposure of BMW management" should be conducted in all SSA countries 

due to the lack of adequate training in the management of BMW by healthcare workers, 

which is a threat to human health and the environment. This empirical research must 

consider the sortation and classification of BMW for proper disposal and incineration 

towards environmental sustainability. Also, practical research must be conducted in risk 

assessment to assess the low-level exposures of chronic diseases within the vicinity of 

BMW incinerators due to the hazardous nature of BMW BA and organic pollutants 

content. Since the world is moving toward a circular economy, further studies must 

investigate the high amount of limestone present in BAs of BMW incinerators for possible 

reuse as binding materials for sustainable development, thus contributing to the 

accomplishment of UN SDGs 3, 6 and 13 to 15 by 2030 in Ghana
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ADDITIONAL SCIENTIFIC PRODUCTION 

 

Under the supervisor's guidance, Professor Maria Alzira Pimenta Dinis, several journals 

and book chapters are published and indexed in SCOPUS, related to the doctoral 

program's core aim, i.e., waste management, environmental health, and environmental 

sustainability towards SDG in SSA countries. Three of these publications are presented 

below in this thesis to share and impact the knowledge involving promoting proper waste 

management and public health issues in achieving SDGs for sustainable development 

within developing countries such as Ghana. Two of these publications are articles that 

identify the factors that hinder the management and handling of waste in Ghana and SSA 

countries and how some challenges have been successfully overcome with innovative 

ideas. For instance, generated plastic waste that pollutes the environment is shredded and 

mixed with sand to mould pavements blocks and are used for artifacts. While one is a 

book chapter publication addressing how food waste and faecal waste collected from 

markets and various homes are anaerobically digested into organic fertilizers, irrigation 

for farming activities, and household electricity promoting UN SDGs for possible 

achievement by 2030.
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ENVIRONMENTAL WASTE SUSTAINABILITY: ORGANIC VALORISATION 

AND SOCIOECONOMIC BENEFITS TOWARDS SUSTAINABLE 

DEVELOPMENT IN GHANA6 

 

 

This study showcases the use of organic waste products from communities in producing 

organic fertilizer and generating energy for the community and Ghana. The findings 

highlight some of the environmental benefits obtained from the production towards 

sustainable development and achievement of SDGs 3, 6, 7, 8, and 13 within Ashaiman, 

Ghana.  

 

In this publication, the first author participated in the conceptualization, development of 

methodology, validation, formal analysis, investigation, data curation, and the writing 

and editing of the manuscript. The complete citation of the publication is presented below: 
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Sustainability: Organic Valorisation and Socioeconomic Benefits towards Sustainable 

Development in Ghana. In: Leal Filho W., Vidal DG, Dinis MAP. DRC (ed) Sustainable 

Policies and Practices in Energy, Environment and Health Research. World Sustainability 

Series. Springer, Cham, pp 425–437. 
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BARRIERS AND CHALLENGES TO WASTE MANAGEMENT HINDERING 

THE CIRCULAR ECONOMY IN SUB-SAHARAN AFRICA7 

 

This review article outlines the issues associated with SSA countries practicing a linear 

method of waste management instead of a circular economy and its related implication 

on the environment and public health for ecological preservation. A compelling solution 

to the challenges was also provided for possible circularity within SSA.  

 

The first author participated in this publication conceptualization, methodology 

development, validation, formal analysis, investigation, data curation, and the writing and 

editing of the manuscript. The complete citation of the publication is presented below: 

 

7Debrah, J. K., Teye, G. K., & Dinis, M. A. P. (2022). Barriers and Challenges to Waste 

Management Hindering the Circular Economy in Sub-Saharan Africa.  

Urban Science, 6(3), 57. 

 https://doi.org/10.3390/urbansci6030057 

 

Open access: article distributed by MDPI under the terms and conditions of the Creative 

Commons Attribution (CC BY) license.  

(https://creativecommons.org/licenses/by/4.0/) 
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INNOVATIVE USE OF PLASTIC FOR A CLEAN AND SUSTAINABLE 

ENVIRONMENTAL MANAGEMENT: LEARNING CASES FROM GHANA, 

AFRICA8  

 

This article showcases how plastic waste generated within some communities in Ghana 

is locally used for innovative products such as blocks and artifacts for a sustainable 

environment. This innovation has helped improve SDGs 1 to 17. 

 

The first author participated in this publication conceptualization, methodology 

development, validation, formal analysis, investigation, data curation, and the writing and 

editing of the manuscript. The complete citation of the publication is presented below:  

 

8Debrah, J. K., Vidal, D. G., Dinis, M. A. P. (2021). Innovative Use of Plastic for a Clean 

and Sustainable Environmental Management: Learning Cases from Ghana, Africa. Urban 

Science 5 (3):12 

https://doi.org/ 10.3390/urbansci5010012 
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