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A B S T R A C T

Improper disposal of solid waste, predominantly illegal dumping, can lead to severe air and water pollution, land
degradation, climate change, and health hazards due to the persistence of hazardous materials. As a result, it is
threatening public and animal health, environmental sustainability, and economic development. The One Health
approach, which acknowledges the interconnectedness of human, animal, and environmental health, offers a
comprehensive solution. This systematic review examines the impact of improper municipal solid waste on
fostering One Health approaches at the national level of Ethiopia by identifying key challenges and opportunities.
Publications were retrieved from peer-reviewed, indexed journal publications, government documents (policies,
proclamations, regulations, and guidelines), and credible non-governmental organization publications from
selected electronic databases (Google scholar, PubMed, EMBASE, Global Health, Web of Science, etc.), and
governmental offices. Despite efforts to advance the One Health approach in Ethiopia through the formation of
the National One Health Steering Committee and technical working groups, implementation is hindered by
challenges such as poor sectoral integration, insufficient advocacy, financial constraints, and limited research.
These challenges contribute to worsening zoonotic and infectious diseases and environmental issues due to
inadequate solid waste management. Nonetheless, opportunities exist through One Health integration via holistic
programs, interdisciplinary collaboration, community engagement, policy enhancement, institutional capacity
building, and public-private partnerships. Therefore, enhancing sectoral integration and increasing advocacy
efforts and securing financial support is necessary to back waste management initiatives and related research.
Further research is crucial to understand the impact of solid waste management and the potential benefits of the
One Health approach in Ethiopia.
1. Introduction

Solid waste (SW) refers to any unwanted or discarded material that is
not in liquid or gaseous form. This includes a wide range of items typi-
cally discarded by households, businesses, and industries [1]. It com-
prises various components categorized by their origin and
characteristics, including municipal SW (MSW) (household, commercial,
and yard waste), industrial waste (manufacturing by-products and con-
struction debris), hazardous waste (chemical and biomedical waste),
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agricultural waste (organic residues and inorganic farming materials),
electronic waste (discarded electronic devices and their components),
mining waste (tailings and overburden), organic waste (food scraps and
biodegradable materials), and recyclable materials (metals, plastics,
glass, and paper) [2–4].

SW poses a significant threat to human health and the ecological
environment because of its toxicity, mutagenic activity, and carcinoge-
nicity [5]. It affects all spheres of life [6], making sustainable SW man-
agement (SWM) critical for urban management [6]. Effective SWM
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focuses on the collection, transportation, treatment, and disposal of these
wastes while emphasises reduction, reuse, and recycling to mitigate
environmental impacts [7,8].

The world generates 2.01 billion tons of wastes annually, and this is
expected to rise to 2.2 billion tons by 2025 and to double by 2050 [9–11].
The increased interaction between humans, animals, and ecosystems has
elevated the risk of emerging and re-emerging diseases, causing over one
billion cases, a million deaths, and hundreds of billions of US dollars in
economic damage annually [12].

Current MSW management (MSWM) practices in Ethiopia have se-
vere health, economic, social, and environmental impacts [13–16]. Mu-
nicipalities struggle to meet the demand for urban services [6,17], and
the unbalanced waste management has exacerbated the issue [13,18].
Ethiopia suffers from poor MSWM [19,20] and inadequate sanitary
conditions [21]. Consequently, the health status of the population is low
compared with that of other low-income countries, primarily because of
preventable infectious diseases and nutritional deficiencies [22,23].

Conversely, the One Health approach involves the collaborative ef-
forts of multiple disciplines working locally, nationally, and globally to
achieve optimal health for humans, animals, and the environment [24,
25]. This approach promotes interdisciplinary cooperation among re-
searchers and practitioners [26,27], and advocates for a public health
model that holistically deals with diseases affecting human, animal, and
environmental health [26,28], facilitating timely and effective responses
to public health threats at the human-animal-environment interface [28].
One Health offers a comprehensive solution by acknowledging the
interconnected nature of health across these domains, aiming to improve
health and environmental policies, expand scientific knowledge, enhance
healthcare training and delivery, and address upstream public health
issues [29]. Especially, over 80 percent of households in Ethiopia
maintain livestock [12,26], making the country particularly vulnerable
to zoonotic diseases because of the close interaction between livestock
and humans. With the rising prevalence of endemic and emerging
Fig. 1. The theoretical framework of the One Health approach, and the relationship
greenhouse gases.
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zoonosis and communicable diseases, One Health approach is increas-
ingly recognized as effective for mitigating zoonotic risks at the
human-animal-environment interface [26,29].

Effective waste management is crucial for primary prevention,
enabling timely and effective containment and response to public health
threats [28]. The poor SWM in Ethiopia poses significant health risks to
humans and animals, degrades land and aquatic ecosystems, and un-
dermines environmental sustainability [30]. Inadequate sanitation fa-
cilities and the impacts of anthropogenic activities on public health
further degrade the ecosystems of Ethiopia's rapidly urbanizing centres
[31].

Overall, MSWM is a major concern in Ethiopia, with significant im-
plications for public and animal health, environmental sustainability,
and economic development. The One Health approach, which empha-
sises the interconnectedness of human, animal, and environmental
health, is essential to address these issues. This systematic review ex-
amines the impact of MSW in promoting the implementation of One
Health approach in Ethiopia and identifies key challenges and opportu-
nities. It highlights the weak MSWM practices and lack of integration of
the One Health concept, noting the absence of national-level studies of
the impact of MSW on fostering One Health approaches in Ethiopia
(Figs. 1 and 2).

2. Methods

This systematic review adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [32,33]
which is used by researchers predominantly [13,27,34,35]. The review
aimed to evaluate the impact of MSWM on fostering the One Health
approach in Ethiopia, addressing both challenges and opportunities.
Secondary source documents, primarily in Amharic (the working lan-
guage) and English, published post-2014, formed the foundation. This
review retrieved peer-reviewed, indexed journal publications,
s across the human, animal, and environmental domains; Abbreviation: GHGs,
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Fig. 2. Conceptual framework of poor MSWM on One Health approach. Abbreviations: MSWM, municipal solid waste management; GHGs, greenhouse gases.
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governmental documents including policies, proclamations, regulations,
guidelines, etc.), and credible non-governmental organization publica-
tions from selected electronic databases (including Google Scholar,
Cochrane Library, African Journals Online [AJOL], PubMed, EMBASE,
Global Health, and Web of Science, and from governmental offices
(Fig. 3).
2.1. Selection of publications

This study followed a rigorous selection process. Topic relevance,
content, scope, and publication date were screened initially. Irrelevant
and duplicate content was excluded based on criteria including language
(English and Amharic), availability of full text, title relevance, abstract
content, study scope (focusing on MSWM practices, impacts on human
and animal health, environmental health and sustainability, and the role
of One Health in combating infectious and zoonotic diseases), and pub-
lication date (post-2014).

As shown in Fig. 3, the online database search yielded 275 records.
One hundred eighty-five studies were removed through a step-by-step
process for the following reasons: 75 were determined to be irrelevant
by title and abstract, 85 were duplicates, 23 had unavailable full texts.
Therefore, 92 published reports were assessed for eligibility and included
in the quantitative analysis.

This study independently reviewed the selected documents and dis-
cussed and evaluated their titles, relevance, and abstracts to ensure that
they met the criteria (focusing on the questionnaire checklist). The full
contents of the selected papers were then scrutinised to confirm their
alignment with this review's objectives: high relevance to MSWM and the
One Health approach in Ethiopia, published in reputable journals, as up-
to-date as possible, and written in English or Amharic.
3

This study developed a questionnaire checklist to guide reviews and
the selection of relevant documents:

1. What is the MSWM practice in Ethiopia?
2. What are the common impacts of MSWM on One Health (human,

animal, environmental health, and sustainability) in Ethiopia?
3. What are the challenges faced by MSWM in fostering a One Health

approaches in the country?
4. Are there any opportunities for MSWM to foster One Health ap-

proaches in Ethiopia?

Using these questions, relevant journals were selected and analysed to
address the issues raised.

Inclusion criteria: Studies related to the impact of improper MSWM
on fostering One Health approaches in Ethiopia, which meet one or more
of the above research questions and are published either in English or
Amharic after 2014.

Exclusion criteria: Studies that are not related to the impact of
improper MSWM on fostering a One Health approach in Ethiopia, not
available in full text, meet none of the research questions, or published in
languages other than English and Amharic.
2.2. Quality and risk of bias assessment

Quality and risk of bias assessments are essential in any systematic
review to ensure the reliability and validity of the included studies.
Quality assessment involves scrutinizing the methodological rigor of the
included studies to ensure robust and well-conducted research [36]. The
quality of the cohort and cross-sectional studies was assessed using the
Newcastle‒Ottawa scale [37,38]. Key criteria, such as study design,
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Fig. 3. The flow chart for the selection and screening of documents for this study.

Fig. 4. Poor solid waste management and disposal at the drainage and rivers in
Adigrat town, Tigray, Ethiopia. (photographed by the authors).
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sample size, data-collection methods, data analysis, outcome measure-
ment, and reporting transparency, were assessed. The studies were then
scored (rated) for quality control. The maximum score was 9 points, and
literatures scored �7 were considered as high, 3–6 as moderate, and <3
as low quality. For the purpose of this study, we included literatures with
high to moderate quality.

In addition, risk of bias assessment identifies potential biases that
could distort the study results, ensuring that the findings are not sys-
tematically skewed. Various types of bias including selection bias, per-
formance bias, detection bias, attrition bias, and reporting bias were
evaluated using the tools of ROBINS-I for non-randomized studies, and
low risk of bias was detected. Overall, this study had lower risk of bias
and higher methodological quality.

3. Results and discussion

3.1. Current status of MSWM practice in Ethiopia

In Ethiopia, a significant proportion (70%) of SW is disposed of ille-
gally in drainage systems (as shown in Fig. 4), roadside areas, rivers,
common lands, and open dumps [23]. This leads to the scattering of
hazardous waste, biomedical waste, and bio-degradable and
non-biodegradable materials that persist in the environment for hun-
dreds of years [39].
4
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Effective SWM requires strong political commitment, adequate
budget allocations, a well-trained workforce [40], a clear regulatory
framework, SW reduction strategies, infrastructure development [41],
public awareness and education, effective collection and transportation,
proper disposal and treatment, stockholder collaboration, and evaluation
and monitoring [42].

Proper and integrated MSWM is vital in urban areas due to its
multifaceted benefits. It plays a crucial role in preventing the spread of
diseases by ensuring that SW is collected, segregated, and disposed of in a
manner that does not attract pests or rodents which are common carriers
of pathogens. Additionally, proper MSWM significantly reduces pollution
by preventing the release of harmful gases from burning waste and
avoiding the contamination of water and soil from improperly disposed
materials. By maintaining cleanliness in urban environments, it enhances
the quality of life and the visual appeal of cities [19,43]. Integrated
MSWM also promotes resource recovery by encouraging recycling,
composting, and energy production, thus conserving natural resources
and fostering a circular economy. Moreover, the sector creates employ-
ment opportunities, particularly in waste collection, recycling, and en-
ergy generation, contributing to economic development [30,43–45].
Overall, an effective MSWM system is essential for urban sustainability,
protecting public health, preserving the environment, and supporting
economic growth.

However, MSWM practices in Ethiopia are generally poor [13,19,20]
with inadequate waste segregation and treatment of infectious materials
[46]. MSWM practices in Addis Ababa from 2016 to 2020 revealed
minimal efforts in waste segregation at the source [15], and the sanita-
tion services in Addis Ababa are notably deficient in terms of status,
spatial coverage, and waste-management facilities [47].

Ethiopia faces challenges in delivering effective and efficient SWM
services owing to socio-economic constraints, infrastructural limitations,
and cultural factors [48]. Weak institutional capacity and governance
[49], along with a lack of trained personnel and inadequate service de-
livery, exacerbate this situation [47]. The implementation of SW segre-
gation practices is generally ineffective, highlighting the need for
comprehensive public awareness campaigns and community-level
training initiatives [50]. Efforts should focus on enhancing the knowl-
edge, attitudes, and behaviours of households and residents regarding
proper SWM practices [51].

The adverse health effects associated with improper SW handling are
significant and varied. For instance, the open burning of waste releases
harmful particulate matter, dioxins, and other chemicals into the air,
contributing to respiratory issues such as asthma and bronchitis [1,52].
Accumulated waste, especially in unmanaged dumps, creates breeding
grounds for vectors such as mosquitoes and flies that can transmit dis-
eases such as malaria and dengue fever [31,45]. Additionally, leachate
from decomposing waste can contaminate water sources, leading to
waterborne diseases such as cholera and dysentery [53–55]. Improper
disposal of hazardous waste also results in soil contamination, impacting
food safety and potentially causing cancer and neurological disorders
[27,47]. Moreover, decomposing waste emits unpleasant odours that can
worsen respiratory problems and lead to stress-related health issues [56].
Effective MSWM practices like implementing regular waste collection,
safe disposal methods, recycling, and composting is crucial for mitigating
these health risks, ensuring a healthier urban environment, and
enhancing urban liveability [30].

Unfortunately, a significant number of households engage in
improper SWM practices such as backyard disposal, roadside dumping,
and burning, which can severely impact the environment, animal health,
and public health [57]. In Assela, a study found that 82.8% of households
practiced improper SWM because of insufficient knowledge and lack of
access to door-to-door waste collection services [58]. Similarly, in Blue
Hora, open-air burning (42%) and open-field dumping (36%) are the
predominant waste disposal methods, indicating the prevalence of
traditional and inappropriate SWM practices [39].
5

Despite legal provisions such as Ethiopian Proclamation No. 300/
2002, which mandate the use of sound technologies to minimise waste
generation and facilitate recycling, difficulties persist in enforcing these
regulations effectively [59]. Issues such as poor awareness among resi-
dents, inadequate waste segregation at the household level, and lack of
proper landfill facilities contribute to ongoing problems in SWM [60]. A
study in Debre Birhan revealed that the potential for recycling and in-
tegrated MSWM activities remains largely untapped owing to de-
ficiencies in financial, technical, and personnel capacities and the
absence of well-designed dumping or landfill sites [61]. Consequently,
urban residents are vulnerable to air pollution and surface and ground-
water contamination [61,62].

Poor SWM in Ethiopia is a major contributor to both air pollution and
surface and groundwater contamination. The open burning of household
and industrial waste releases particulate matter (PM2.5 and PM10) that
can cause severe respiratory and cardiovascular issues. The decomposi-
tion of organic waste in unmanaged landfills emits methane (CH4), a
potent greenhouse gas (GHG), and carbon dioxide (CO2), both of which
contribute to climate change and deterioration of air quality [63]. The
breakdown of organic SW and burning of plastics release volatile organic
compounds [63,64], which contribute to the formation of ground-level
ozone and smog, further exacerbating respiratory problems. The
incomplete combustion of SW, especially plastics containing chlorine,
produces highly toxic dioxins and furans, posing serious risks such as
cancer and immune system damage. Ammonia released from the
decomposition of food and animal waste also contributes to secondary
particulate matter in the atmosphere.

Surface and groundwater contamination poses significant threats due
to leachates from poorly managed landfills [65], which introduce
harmful substances into water bodies. Surface water contamination often
occurs when rainfall runoff carries improperly disposed solid waste from
open dumps or streets into rivers and lakes, polluting them with plastics,
chemicals, and organic matter [22,62]. Direct dumping of solid waste
into water bodies, particularly in areas lacking formal disposal infra-
structure, aggravate the issue. Erosion from poorly managed landfills
during heavy rains can also allow solid waste to slide into water bodies,
degrading water quality further. Groundwater contamination arises from
leachate formation, a liquid produced when water percolates through
solid waste in unlined landfills or dumps [2,31,40,47]. This leachate
contains harmful substances like heavy metals, pathogens, and organic
pollutants that can seep into the ground and pollute groundwater. Pol-
lutants from surface waste, as a result of improper disposal of electronic
waste and industrial materials, can infiltrate the soil over time,
contaminating groundwater with nitrates, phosphates, and toxic chem-
icals that accumulate in aquatic ecosystems and the food chain. Nutrient
runoff from agricultural and sewage solid waste leads to eutrophication,
depleting oxygen in water and harming aquatic life [55,65]. Chemical
contaminants from hazardous waste further compromise water quality,
making it unsafe for consumption and agriculture. Pathogens from un-
treated sewage and healthcare waste contaminate water sources, result-
ing in waterborne diseases such as cholera and typhoid [46,53,55,65]. To
address these challenges, substantial improvements in solid waste man-
agement practices are essential, including proper segregation, recycling,
safe disposal, treatment, and the development of infrastructure that can
effectively mitigate these environmental impacts.

In Gambella, poor MSWM practices persist owing to impediments
such as a lack of skilled workers, open burning of waste, limited com-
munity awareness, malfunctioning equipment, inadequate collection
systems, insufficient budget allocation, and illegal dumping [66]. Studies
conducted in Addis Ababa identified several factors contributing to the
city's inadequate MSWM performance, including shortages of
waste-collection trucks, poorly designed collection routes and schedules,
low public awareness, and inadequate involvement of the private sector
and community [41,67]. Technical issues such as inadequate and mal-
functioning operational equipment, open burning of waste, poor



Table 1
Proposed effective strategies based on One Health framework to address the interactive impacts across human, animal, and environment.

Proposed strategies Explanation of the strategies Rationale

Integrated SWM Systems Implement comprehensive SWM systems that integrate the
collection, segregation, recycling, and disposal of waste from
households, industries, agriculture, and healthcare facilities

Proper segregation and recycling to reduce the amount of SW sent to
landfills, minimizing environmental contamination and protecting
human and animal health

Environmental surveillance
and monitoring

Establish continuous monitoring of environmental pollutants,
including soil, water, and air quality, especially near waste disposal
sites and populated areas

Regular monitoring can detect hazardous substances early,
preventing their spread and reducing the risk of exposure to humans
and animals

Community education and
awareness programs

Develop and implement education campaigns to raise awareness
about proper waste disposal, recycling, and the impact of solid waste
on health and the environment

Empower communities with knowledge to improve grassroots waste
management, reducing environmental and public health burdens

Regulation and enforcement
of SWM laws

Strengthen and enforce SWM regulations, including household-level
implementation of the “4R” principles and proper handling of
hazardous waste, with penalties for non-compliance

Effective regulation and enforcement to ensure responsible waste-
management, using SW as a resource, preventing illegal dumping,
and minimizing environmental harm

Promotion of eco-friendly
technologies

Encourage the adoption of eco-friendly waste-treatment
technologies, including composting, waste-to-energy plants, and
bioremediation techniques

Use eco-friendly technologies to reduce waste volume, convert SW
into useful products, and detoxify hazardous materials, protecting the
environment and public health

Zoonotic disease surveillance
and control

Integrate SWM with zoonotic disease surveillance for disease
outbreak focusing on areas where SW may attract vectors or
reservoirs of disease (e.g., rodents and insects)

Proper SWM reduces habitats for disease vectors, lowering the risk of
zoonotic disease transmission between animals and humans

Sustainable agricultural
practices

Promote the use of organic waste as compost in agriculture while
ensuring that waste does not contain harmful pollutants that could
affect soil and crop health

Sustainable practices enhance soil health and productivity, reduce
waste's environmental impact, and ensure safer food production for
humans and animals

Cross-sectoral collaboration Foster collaboration between health, environmental, agricultural,
and veterinary sectors to address waste-related impacts through the
One Health framework

A multi-disciplinary approach to ensure holistic interventions,
addressing the interconnectedness of human, animal, and
environmental health

Incentives for adopting the
“4R” principles

Implement incentive programs to encourage individuals, businesses,
and industries to adopt the “4R” principles, prevent waste generation,
and embrace sustainable practices

Incentives to motivate stakeholders to engage in “4R” principles
efforts, leading to a cleaner environment and healthier communities

Research and innovation Invest in research to explore SW's impact on One Health and develop
innovative SWM solutions that prioritize the health of humans,
animals, and the environment

Continuous research offers new insights and technologies to enhance
SWM practices and address emerging challenges

Abbreviations: SW, solid waste; SWM, solid waste management. Note: “4R” principles, Reduce, Reuse, Recycle, and Recovery.
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conditions at disposal sites, and littering around skip areas also intensify
these problems [13,19,68].

Despite these setbacks, the high organic content of the waste high-
lights the importance of frequent collection and presents an opportunity
to prioritise organic waste recycling through composting as a viable SWM
strategy [48,57]. To this end, a series of SWM strategies were proposed in
this study (Table 1). However, the efficiency of waste composting and
recycling remains low, and waste transportation and disposal manage-
ment lack standardization and environmental soundness [43,69].

Under Ethiopian Proclamation No. 513/2007, Article 11(1), every
household is mandated to separate recyclable SW from the waste desig-
nated for final disposal and transport it to designated collection sites
[70]. Similarly, Proclamations No. 300/2002 and No. 513/2007
emphasise the establishment of integrated MSWM systems by urban
administrations to ensure proper collection and transportation and,
where feasible, recycling, treatment, or safe disposal of municipal waste,
alongside frameworks to encourage investment in MSWM services [59,
70]. However, in practice, challenges such as inadequate financial and
human resources, insufficient political commitment [13], community
knowledge gaps and irresponsibility [14,60], lack of source-specific
waste segregation [71], institutional weaknesses and oversight gaps
[49], limited service delivery, and a shortage of skilled labour [47]
hinder effective SWM procedures.

Although Ethiopia's SWM policies, led by Proclamation No. 513/
2007, Proclamation No. 300/2002, and the Environmental Policy of
1997 emphasise the “4Rs” (Reduce, Reuse, Recycle, and Recovery) and
sustainable development [59,70,72], the country faces difficulties in its
implementation owing to limited resources, infrastructure, and public
awareness. Compared to developed nations like those in the European
Union and the United States, where stringent regulations and advanced
infrastructure support effective SWM [73], Ethiopia's system is still
developing, similar to other developing countries facing enforcement and
infrastructure gaps. While innovative approaches in countries such as
Rwanda and India offer useful lessons [74–76], Ethiopia needs to
6

strengthen policy enforcement, invest in infrastructure, and enhance
public participation to advance its waste-management efforts.

Moreover, the increasing generation of MSW, coupled with a high
proportion of organic waste and its improper disposal, contributes to
GHG emissions such as CH4 and CO2 [77]. The current weak MSWM
system results in the illegal disposal of waste in open spaces, roadsides,
and drains [30], characterised by irregular, inadequate, and inefficient
practices indicating sporadic collection, low coverage, technical de-
ficiencies, and a lack of law enforcement [20]. Household environmental
awareness regarding SWM issues remains low [33,78], contributing to
improper practices, such as illegal dumping and the use of unsuitable
landfills, owing to limited access to door-to-door waste collection ser-
vices and infrequent waste pickups [60].

3.2. Poor MSWM-related environmental problems in Ethiopia

Unsustainable MSWM practices have profound negative impacts on
ecological, environmental, and socioeconomic costs, including links to
climate change and Sustainable Development Goals [79,80] as well as
public health and environmental sustainability [30]. Studies employing
various models to quantify GHG emissions, leachate production, and the
eutrophication potential have revealed significant environmental im-
pacts. For example, waste disposal sites emitted approximately 46 Gg of
GHGs annually in 2020, whereas the eutrophication potential of organic
waste reached 0.0594 kg N-equivalent or 59.4 g N-equivalent. The daily
average leachate production amounted to 1112 mm annually, posing
severe risks to human health, ecosystems, and overall environmental
integrity [43]. Furthermore, physiochemical analyses at landfill sites
have identified unacceptable components in leachate, including pH,
hardness, and alkalinity, which contribute to soil and water contamina-
tion and adversely affect local vegetation [81].

In a word, in Ethiopia, SW pollution, especially in urban areas, leads
to various environmental issues including land pollution through illegal
dumping and landfill leachate [40,81], water pollution from SW
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contaminating surface and groundwater [1,53,54], air pollution from
waste burning and CH4 emissions, visual pollution from unsightly waste
accumulation, and biological pollution that attracts pests and spreads
diseases [7,53,82]. Improving SWM practices such as better collection,
disposal, recycling, and public awareness initiatives are required to
address these issues.

For instance, in Addis Ababa, improper disposal and inadequate
collection of SW frequently leads to clogged drainage systems, exacer-
bating flood risks, diminishing the aesthetic value of green spaces, and
increasing the prevalence of vector-borne diseases such as malaria, rift
valley fever, and cholera. Additionally, these practices contribute to
elevated concentrations of toxic heavy metal ions and microbial pollut-
ants (coliforms and pathogens) in surface and groundwater, due to poor
sanitation [83]. The concentrations of these toxic heavy metals and mi-
crobial pollutants in Ethiopia's surface water and groundwater vary
significantly because of factors such as proximity to pollution sources,
waste types, and environmental conditions. The commonly found heavy
metals include manganese (Mn), chromium (Cr), nickel (Ni), cadmium
(Cd), copper (Cu), zinc (Zn), and iron (Fe) with higher concentrations
often found near industrial areas. For example, manganese levels range
from 0.02 to 1 mg/L in surface water and 0.01–2 mg/L in groundwater
[84]. Microbial pollutants, such as total coliforms, faecal coliforms, and
pathogens like Giardia and Cryptosporidium, also vary widely with higher
levels near septic systems [85]. Surface water typically exhibits higher
contamination levels than groundwater [53,84,85]. These concentra-
tions often exceed the health guidelines set by organisations such as the
World Health Organization, emphasising the need for detailed
site-specific water quality assessments in Ethiopia.

Toxic heavy metals, such as Mn, Cr, Ni, Cd, Cu, Zn, and Fe, along with
microbial pollutants, such as coliforms and pathogens, can have serious
toxic effects on human and animal health and the environment [84,85]
when present in surface water and groundwater at significant concen-
trations. These metals can cause neurological issues, organ damage, and
cancer and disrupt aquatic life, while microbial pollutants can lead to
waterborne diseases and environmental degradation [53,65,84,85].
Managing and monitoring these contaminants is essential for preventing
long-term health risks and protecting ecosystems.

Poor MSWM practices result in air and water pollution, land degra-
dation, CH4 emissions, hazardous leachates, and consequential impacts
on climate change [30]. The continuous release of toxic gases into the
atmosphere increases environmental and public health costs, dispro-
portionately affecting marginalised social groups [30,86].

Research in Assela has shown that poor SWM causes environmental
pollution (34.2% water pollution, 31.6% air pollution, 13.4% soil
pollution, and 20.8% global environmental problems) [86,87]. Other
studies have investigated the environmental and health impacts of
inadequate SWM practices in Assela [68,86,87]. Similarly, open dump
sites for SW adversely affect soil and water quality and pose a risk to
human and animal health via the food chain [21,88] and environmental
sustainability [30]. Inefficient MSWM increases the accumulation of
MSW in open lands, in open drainage systems, and in the vicinity of many
households, causing nuisance and foul-smelling pools, environmental
pollution through leaches from piles (water and soil), burning of waste
(air pollution), clogging of drains, and the possible spread of anthropo-
genic diseases [39]. Hence, improper and weak MSWM causes hazards to
ecological habitats, human health, and safety and affects the economic
and social interactions of the whole community [11].

Environmental issues (environmentalism) are not yet fully integrated
into the One Health approach in Ethiopia [26], and there is a lack of
interdisciplinary cooperation, collaboration, and coordination between
animal and human health practitioners in operationalizing the One
Health framework [26,89]. One Health is uniquely poised to tackle the
pressing challenges facing the 21st century—climate change, pandemics,
neglected zoonoses, and biodiversity collapse—by providing a unifying
theoretical framework essential for generating the evidence needed to
overcome these issues [27]. However, despite interest by professionals in
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academic and non-academic institutions and organisations in imple-
menting the One Health approach, culture constraints, lack of interdis-
ciplinary training, understaffing and underfunding of institutions are
major setbacks to the implementation of a One Health approach [26].

The One Health framework is particularly designed to address the
management of hazardous and biomedical waste within the broader
context of SWM, recognizing the interconnectedness of human, animal,
and environmental health [80,90,91]. This approach emphasises the safe
handling and disposal of SW that poses risks such as spreading infectious
diseases, contaminating water and soil, and impacting ecosystems [28,
89,92]. Key areas include the proper disposal of biomedical waste,
management of hazardous materials, and the handling of organic SW to
prevent zoonotic diseases and environmental contamination [25,28,93].
By integrating health perspectives across sectors, One Health promotes a
comprehensive and collaborative approach to reduce the health risks
associated with improper waste-management.

3.3. Poor SWM-associated human health problems in Ethiopia

There is a clear correlation between inadequate SWM and negative
health outcomes [94]. Ethiopia grapples with frequent disease outbreaks,
and approximately 80% are communicable diseases, which are largely
preventable with basic sanitary measures, such as safe water supply,
waste disposal systems, vector control, and hygiene promotion [22,54].
Ineffective SWM practices have been associated with significant envi-
ronmental and health impacts [86], contributing to diseases such as acute
respiratory infections, malaria, and diarrhoea [54].

MSW serves as a reservoir for potentially harmfulmicroorganisms that
pose health risks to hospital patients, healthcare workers, and the general
public, causing gastrointestinal, respiratory, eye, and skin infections as
well as diseases such as anthrax, meningitis, and influenza [95]. Appro-
priate MSW is essential for mitigating these risks to human and animal
health and the environment [96]. A study in Assela revealed that poor
SWM is associatedwith 49.5%of respiratory diseases, 18.2%of bronchitis
cases, 15.8% of diarrhoea diseases, 14.8% of protozoan diseases, and
1.7% of cancer cases [86,87]. Similarly, studies in Addis Ababa identified
typhoid, typhus, diarrhoea, common cold, and tuberculosis as major
health issues resulting from improperMSWMpractices in areas like Koshe
“Lastic Suffer” [44,47]. Dysentery, common cold, and typhoid are prev-
alent among children because of improperwaste handling in communities
near Gondar University [45]. Furthermore, inadequate MSWM in Addis
Ababa has been associated with health problems including typhoid, ty-
phus, diarrhoea, common cold, and tuberculosis [87].

Dump sites for MSW also provide breeding grounds for mosquitoes,
rats, carnivorous animals, and houseflies, thereby increasing the risk of
infections and diseases such as parasitic infections, diarrhea, respiratory
illnesses, asthma (bronchitis), and cancer [86]. Residents living near
these sites face significant health risks from insects and animals that are
attracted to the waste [39,41,45,54,86,87]. Moreover, studies examining
the socio-economic and health status of street sweepers in Mekelle City
and Addis Ababa have revealed occupational health challenges among
MSW collectors. These workers suffer from allergies, cuts, respiratory
issues, eye problems, musculoskeletal disorders, skin ailments, lower
back pain, joint pain, coughs, asthma, and dysentery with deteriorating
health conditions over time and inadequate access to medical care from
employers [97,98].

3.4. Poor SWM-associated zoonotic diseases in Ethiopia

Zoonotic diseases are transmitted between animals and humans
through direct or indirect contact, vectors, and the consumption of
contaminated food [99]. These diseases pose significant threats to live-
stock industries and human health, and approximately 75 % of
newly-emerged infectious diseases are zoonotic and influenced by
anthropogenic, environmental, socio-economic, and climatic factors [89,
100,101].
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In countries where household income depends on livestock, there is a
strong correlation between poverty and high burden of zoonotic diseases
[12]. Ethiopia, with the second highest burden of zoonotic diseases in
Africa, faces numerous animal diseases caused by bacteria, viruses,
protozoa, and parasites [92]. Obstacles such as poor environmental
protection and limited access to healthcare for humans and livestock
contribute to the widespread transmission of these pathogens [102,103],
posing additional strains on social bonds and protective networks [102].

Quantifying the exact percentage of zoonotic diseases caused by SW
attributable to environmental factors is complex because of the interplay
between various elements [104]. Nonetheless, research has underscored
that environmental factors contribute significantly to the spread of zoo-
notic diseases associated with SW. Poor SWM practices, such as open
dumps and improper disposal, foster environments that promote the
breeding of disease vectors, such as mosquitoes and rodents, that trans-
mit zoonotic diseases [105]. Additionally, climate and weather condi-
tions, including temperature and rainfall, can facilitate the proliferation
of these vectors and pathogens; for example, warmer temperatures and
stagnant water from poorly managed SW can boost mosquito populations
carrying diseases such as dengue fever and West Nile virus [93,104].
Leachates from decomposing waste can contaminate water sources and
potentially spread waterborne zoonotic diseases if consumed by humans
or animals [40,81,93,106]. Although exact figures may vary, improving
SWM practices and addressing environmental conditions are crucial for
mitigating health risks [105].

Ethiopia has committed to controlling prioritised zoonotic diseases
such as rabies, anthrax, brucellosis, leptospirosis, and echinococcosis
through a One Health approach [93,99], which also targets diseases such
as Q fever, salmonellosis, and leishmaniasis [90,99]. Bovine tuberculosis,
caused by Mycobacterium bovis, is a chronic bacterial disease that thrives
in polluted environments and persists in acidic milk, making it a signif-
icant zoonosis among Somali pastoralists who consume unpasteurized
milk [107,108]. Anthrax, a soil-borne bacterial disease, spreads through
contact with the carcasses of infected animals that contain Bacillus
anthracis [109]. These are one of the major zoonotic diseases that need to
be tackled in Etheopia.

Recent studies have indicated significant knowledge gaps, unfav-
ourable attitudes, and high-risk behaviours concerning zoonotic diseases
[82,110]. Current methods for the disposal of animal carcasses in
Ethiopia include burial, rendering, incineration, composting, alkaline
hydrolysis, and emerging technologies. However, because of resource
shortages and lack of awareness, these methods are underutilised, lead-
ing to widespread improper disposal in open spaces [111]. This practice
significantly affects environmental, human, and animal health, contrib-
uting to about 75%–78% of the overall health, economic, social, and
environmental impacts related to poor waste management from
slaughter and animal production activities in Ethiopia [112].

Despite advancements, Ethiopia faces ongoing obstacles in imple-
menting the One Health initiatives, as highlighted by Epiz [93], Erkyihun
et al. [12], and Food and Agriculture Organization (FAO) [99]. Efforts
include establishing a National One Health Steering Committee to
enhance multi-sectoral communication, coordination, and collaboration,
alongside Technical Working Groups tasked with developing disease
prevention strategies, conducting joint disease surveillance, and priori-
tising zoonotic diseases. However the progress is slow due to persistent
challenges, such as inadequate sector integration in data sharing and
communication, insufficient institutionalisation of One Health ap-
proaches, limited community advocacy, inadequate governmentfinancial
support, and restricted funding and research activities inOneHealth [93].

3.5. Challenges and opportunities of MSWM in fostering a One Health
approach in Ethiopia

In Ethiopia, MSW contributes significantly to pollution and threatens
the ecological balance, human and animal health, and sustainable
development [48]. Existing limitations such as inadequate sanitary
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infrastructure [13,48], disease transmission, occupational hazards,
health risks [40,97], and deficiencies in waste collection and disposal
services [13] highlight the complexities of managing MSW. Factors such
as insufficient human resources, limited research funding, and inade-
quate financial and logistical resources [12,13] further compound this
issue [12,13].

Additional problems include inadequate governance and institutional
capacity, inconsistent regulatory frameworks, and lack of coordination
among government agencies [13,34]. Issues such as minimal financial
and technological resources, coupled with variable political commit-
ments [34,43,71], contribute to inefficiencies in MSWM. The increasing
production of MSW, particularly organic waste, along with practices such
as illegal dumping and open burning of garbage, exacerbates pollution
and contributes to climate change through the release of GHGs into the
atmosphere [77].

GHGs are gases in the earth's atmosphere that trap heat or radiation
emitted by the earth (like CO2, CH4, N2O, SF6, O3, CFCs, and H2O, etc.)
[113,114]. MSW generation rates and their management are closely
associated with GHG emissions [115,116]. Owing to the rise in MSW
production and the high percentage of organic waste, unscientific
disposal method contribute to the release of GHGs like CH4 and CO2 into
the atmosphere [77,117].

SW is particularly prone to GHG production due of its decomposition
processes. Organic waste, including food scraps, yard trimmings, and
other biodegradable materials, generates CH4 (a potent GHG which is
much more effective at trapping heat in the atmosphere than CO2) when
decomposed anaerobically (without oxygen). In addition, the burning of
organic waste releases CO2 into the atmosphere [64]. Green wastes such
as grass clippings and leaves also contribute to CH4 emissions when
decomposed in landfills with limited oxygen. Animal manure from live-
stock produces both CH4 and N2O, with improper storage and handling
increase these emissions [118]. Similarly, sewage and industrial sludge
that contain organic matter generate CH4 and other GHGs during
anaerobic digestion [118,119]. Therefore, when SW is disposed of ille-
gally and in unmanaged landfills, a significant quantity of CH4 is released
and poses a critical risk of climate change and its multiple impacts, which
is among the most critical and global issues for environmental protection
both now and in the future [120]. To mitigate these emissions, reducing
the amount of organic waste in landfills through composting and
enhancing waste-management practices are essential steps.

The challenges of MSWM in Ethiopia, which are closely linked to the
One Health approach, emphasise the interconnectedness between
human, animal, and environmental health [12,26]. Issues such as limited
data sharing and communication, the lack of institutionalisation of One
Health approaches, and insufficient community advocacy further hinder
progress [12]. Similarly, limited research funding hinders the develop-
ment of innovative solutions, and augments the health risks associated
with vector-borne diseases and environmental pollution [26,29]. Inade-
quate financial and logistical resources further complicate
waste-management, increasing the risk of disease transmission through
vectors, such as rodents and insects.

Weak governance and institutional capacity result in ineffective
waste-management policies, leading to environmental degradation that
affects air and water quality and directly impacts human and animal
health. Inconsistent regulatory frameworks create disparities in waste-
management practices across regions, worsening health hazards. More-
over, the lack of coordination among government agencies has led to
fragmented efforts, complicating the resolution of complex MSWM is-
sues. The scarcity of financial and technological resources forces reliance
on outdated waste-management methods, increasing pollution and
health risks. Variable political commitments aggravate these issues,
resulting in inconsistent policies and inadequate support for waste-
management programs.

The One Health approach, which recognises the interdependence of
human, animal, and environmental health, provides a comprehensive
framework for tackling the challenges of improper MSWM in Ethiopia.
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This involves developing comprehensive programs and fostering inter-
disciplinary collaborations among health professionals, environmental
scientists, and waste-management experts [34]. Strategies such as having
a reference framework for One Health activity, community engagement
through awareness campaigns and behavioural incentives [27,34,89],
effective coordination across different sectors at various levels, and
advocating for the One Health approach in joint and multi-sectoral
meetings are crucial [34,121].

Additionally, the availability of sufficient funds and resources, sup-
ported by technical and financial partners, plays a pivotal role [29,89].
Innovations in integrated MSWM technologies and investments in waste
reuse, recycling, and energy recovery technologies are also significant
[65,122,123]. Ensuring health and safety measures through adequate
protective equipment, regular health monitoring, and medical support
for workers involved in MSWM is essential [21,97]. The proper disposal
of animal carcasses using scientifically approved methods is critical
[111]. Strong engagement from technical experts in ministries, the
establishment of the National One Health Steering Committee, and
Technical Working Groups focusing on prioritised zoonotic diseases,
along with active participation from various non-governmental organi-
zations (NGOs), are facilitating factors [12].

Furthermore, over 85% of the MSW in Ethiopia is reusable and
recyclable with 73% organic (biodegradable) and 11.78% recyclable.
These methods include composting biodegradable waste to produce
nutrient-rich compost, which enhances soil fertility and promotes sus-
tainable urban agriculture. This also includes utilising biogas, briquettes,
and thermal or gasification energy sources for cooking, heating, and
electricity generation [13,19,20]. These initiatives serve as enablers for
improving the One Health approaches in Ethiopia.

Improving MSWM in the country requires a blend of policy in-
terventions supported by strong socio-economic and political commit-
ments, as well as the adoption and adaptation of best practices from
developed countries. To address the challenges of inadequate infra-
structure and limited recycling capacity, the Integrated Waste Manage-
ment System that includes waste minimisation, recycling, composting,
and energy recovery can help reduce the volume of waste sent to landfills
[42]. Countries like Germany and Sweden offer models for producer
responsibility regulations and waste-to-energy initiatives [124,125],
which could be tailored to Ethiopia's needs.

Environmental surveillance and monitoring are crucial for identifying
and handling pollution sources and health risks associated with MSWM
[126]. Ethiopia currently lacks a robust system for tracking environ-
mental pollutants from waste. Adopting comprehensive monitoring
networks, similar to those of the United States' Environmental Protection
Agency [127], could help identify pollution sources and their impact on
public health.

Public awareness regarding the health and environmental impacts of
improper waste disposal is low in Ethiopia. Singapore's and Japan's
success in MSWM is largely due to their comprehensive public education
campaigns [128,129], which emphasise the importance of waste segre-
gation and recycling. These campaigns have led to high levels of public
participation in waste-management, a strategy that could be highly
effective in Ethiopia as well.

Weak enforcement of existing waste-management laws in Ethiopia
has led to widespread non-compliance. Strengthening regulations and
enforcement are essential for improving waste-management practices.
For example, Singapore's strict enforcement of waste-management reg-
ulations, including heavy fines for littering and illegal dumping [129],
has resulted in a clean and well-managed urban environment. This
approach can also be adapted to the Ethiopian context.

The adoption of eco-friendly technologies in Ethiopia is hindered by
cost and limited availability. For instance, South Korea's success in
implementing advanced recycling technologies and waste-to-energy
plants, coupled with government incentives for businesses to adopt
green technologies [130,131], offers a model for Ethiopia to follow.
Ethiopia's current surveillance system for zoonotic diseases is inadequate
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and lacks integration with waste-management efforts, thereby increasing
the risk of disease outbreaks. An integrated surveillance system, as used
in the Netherlands [91], can improve early detection and control by
coordinating efforts across the public health, veterinary, and environ-
mental sectors.

Agricultural waste is a significant component of MSW in Ethiopia,
particularly in rural areas. The promotion of sustainable agricultural
practices can reducewaste generation and enhance soil health. Denmark's
successful integration of sustainable agricultural practices with waste-
management, including the use of organic waste for composting and
biogas production [132] could serve as a model for Ethiopia. Effective
SWM in Ethiopia requires collaboration across sectors. However, such
collaborations are often lacking, leading to fragmented and inefficient
efforts. Canada's approach, which involves coordination between federal,
provincial, and municipal governments as well as the private sector and
civil society, ensures a comprehensive and coordinated approach for SWM
[133]. This model can serve as an example for Ethiopia.

Economic incentives are crucial for promoting sustainable waste
practices. Ethiopia could implement programs like the “Pay-As-You-
Throw” initiative, which charges residents based on the amount of waste
they produce, thereby incentivising waste reduction and recycling.
Recycling deposit schemes in Switzerland, similar to those in Germany,
can also encourage consumers to return packaging for recycling [134].

Finally, investment in research and innovation is essential for devel-
oping new waste management technologies and strategies tailored to
Ethiopia's unique challenges. It is necessary to invest in technological
innovations for waste management [75,76]. For instance, in Barcelona,
smart waste bins that communicate when they are full have been used to
optimise collection routes and reduce costs [135] and offer a valuable
model for fostering collaboration between academia, industry, and gov-
ernment in Ethiopia.

4. Conclusion and recommendations

MSW contributes significantly to pollution, endangering ecological
balance, human and animal health, and sustainable development. It
poses substantial toxicity, carcinogenicity, and mutagenicity risks owing
to the widespread illegal disposal of 68% of the waste in drainage sys-
tems, roadsides, common land, and open dumps. These hazardous ma-
terials, including non-biodegradables, persist in the environment for
centuries, causing air and water pollution, land degradation, climate
change (via CH4 and CO2 emissions), leachates, and eutrophication,
severely impacting human and animal health, ecosystems, and environ-
mental quality.

The One Health approach, which recognises the interconnected na-
ture of human, animal, and environmental health, offers a logical solu-
tion. In Ethiopia, progress includes establishing a National One Health
Steering Committee to address gaps in multi-sectoral communication,
coordination, and collaboration. Technical Working Groups are also
developing disease prevention and control strategies, implementing
disease-focused public health activities, and providing recommendations
and control documents for prioritised zoonotic diseases. However,
challenges persist, such as poor sectoral integration in data sharing and
communication, the lack of institutionalisation of One Health, insuffi-
cient community advocacy, limited government financial support, and
inadequate research funding. Consequently, zoonotic diseases (e.g.
rabies, anthrax, brucellosis, leptospirosis, echinococcosis, salmonellosis,
leishmaniasis, and bovine tuberculosis) and various infectious diseases
(e.g. acute respiratory infection, gastrointestinal infections, typhoid,
tuberculosis, cholera, eye and skin infections, meningitis, influenza,
malaria, and diarrhoea) are serious problems in Ethiopia, exacerbated by
poor SWM and sanitation practices.

Despite these constraints, opportunities exist through the One Health
approach using holistic programs and interdisciplinary collaboration,
engaging communities through awareness and behavioural incentives,
enhancing and enforcing policies, building institutional capacity,
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innovating technology for integrated MSWM, fostering public-private
partnerships, and ensuring good coordination among sectors at various
levels. Joint and multi-sectoral meetings advocating the One Health
approach along with the availability of adequate funds and support from
technical and financial partners are crucial.

Overall, Ethiopia faces significant challenges related to MSWM. Most
MSW (68.2%) is illegally disposed of with only 31.8% collected lawfully,
leading to irregular, inadequate, and inefficient MSWM practices that
impact the environment and human health. Integrating the One Health
approach in managing MSW in Ethiopia offers a viable pathway for
addressing the intertwined hindrances of human, animal, and environ-
mental health. Enhancing MSWM in Ethiopia through the One Health
approach requires a comprehensive strategy that integrates best practices
from developed countries with local adaptations. These efforts will not
only address immediate waste management issues but also contribute to
the long-term health and sustainability of the environment and popula-
tion. Ethiopia can improve its waste management practices and promote
sustainable development and health by leveraging strategic opportunities
and overcoming existing hurdles. Therefore, the widespread imple-
mentation of One Health strategies and interventions is essential to tackle
emerging infectious and zoonotic diseases and ensure environmental
health sustainability. This requires concerted efforts from the govern-
ment, communities, private sector, and international partners to achieve
a cleaner and healthier environment. Further research on the impact of
MSWM in fostering the One Health approach, its barriers, and opportu-
nities in Ethiopia is expected to provide more insights in the future
management of MSW.
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