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Abstract 
Waste management is one of today's most crucial environmental challenges that 
demands innovative and integrative solutions. The study conducted in this 
research uses the literature research method. The results show that the 
effectiveness of waste management depends not only on the application of green 
technology and adequate infrastructure but also on active participation and public 
awareness of sanitation issues. The implication of this study suggests the 
importance of a holistic approach to waste management, which includes a 
combination of technological innovation, supportive regulations, public 
education, and the involvement of all stakeholders. 
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Introduction 

Environmental sanitation is one of the important aspects in maintaining public 

health and environmental quality. Sanitation issues are closely related to waste 

management, whether domestic, industrial, or medical waste, which if not managed 

properly, can have various negative impacts on human health and the environment 

(Abdelfattah et al., 2023). Poorly managed waste can be a source of disease, water, soil, 

and air pollution, and contribute to climate change. Furthermore, health risks are high; 

contaminants can easily contaminate drinking water sources and the food chain, 

causing diseases such as diarrhea, cholera, dysentery, and others (Abubakar et al., 

2022). Also, air pollution caused by open burning of waste can lead to respiratory 

problems and cardiovascular diseases. Thus, effective sanitation prevents the spread of 

disease and protects community health (Agamuthu & Barasarathi, 2021). 

In addition, good environmental sanitation is also important for maintaining 

people's mental health and quality of life. A clean and well-maintained environment 

improves the comfort and aesthetics of an area, which psychologically contributes to 

general well-being. For example, well-maintained parks and public spaces encourage 

physical activity and social interaction which are important aspects of mental and 

physical health (Ahirwar & Tripathi, 2021). Poor sanitation conditions, on the other hand, 

can lead to stress and discomfort, which in turn negatively impacts one's psychological 

state. Through investment and attention to environmental sanitation, communities can 

create a strong foundation for not only the physical but also mental health of their 

citizens (Al-Hazmi et al., 2023). Therefore, improved strategies in waste management 

are urgent to implement. 
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Waste that is not managed appropriately has a significant influence on the 

quality of environmental sanitation. Both solid and liquid waste if disposed of carelessly 

can degrade water and soil quality. For example, household waste containing food 

waste, chemical products, and other materials can serve as a growth medium for 

pathogenic microorganisms if not treated properly (Alam & Qiao, 2020). Industrial 

effluents often contain hazardous substances that, if released into nature without 

treatment, can contaminate water resources and cause ecosystem damage. This water 

pollution has a direct impact on humans and animals that depend on the water for 

consumption or habitat, posing long-term health risks such as skin diseases, poisoning, 

or even cancer (Alzamora & Barros, 2020). 

In addition to water quality degradation, waste build-up also causes sanitation 

problems on land. Poorly managed waste piles can create habitats for pests such as rats 

and mosquitoes, which are known disease vectors. It is a sanitation problem not only in 

terms of appearance, but also in terms of public health as it spreads diseases such as 

dengue fever, leptospirosis, and plague (Anokye et al., 2024). Methane gas emissions 

from organic waste decomposition can be a cause of climate change, which again 

affects human health through natural disasters. Thus, poor waste management not only 

affects the quality of local sanitation, but also has a far-reaching impact on 

environmental change and global climate (Arslan et al., 2020). 

In many countries, especially developing countries, waste management systems 

are far from ideal. Inadequate infrastructure, limited access to modern waste treatment 

technologies, lack of public awareness and participation, and financing constraints are 

some of the main challenges faced. In addition, inadequate or inconsistently applied 

regulations also add to the complexity of this problem (Arya & Kumar, 2020). 

Effective waste management requires not only technical solutions, but also a 

comprehensive approach involving various parties, including government, industry, 

communities and non-governmental organizations. Therefore, identifying effective 

strategies and addressing the various challenges that exist are important steps to 

improve environmental sanitation conditions (Asante-Duah, 2021). 

This study aims to review the various waste management strategies that have 

been implemented, both at the national and international levels, and to identify 

challenges and solutions in their implementation. It is expected to provide evidence-

based recommendations to support efforts to improve environmental sanitation 

systems, particularly in terms of waste management, to realize a healthy and 

sustainable environment for the future. 

 
Research Methods 

The study conducted in this research uses the literature research method. The 

literature research method is a research approach widely used in academic studies, 

especially to collect, analyse, and interpret data from documented sources. These 
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include scientific articles, books, research reports, articles from mass media, official 

documents, and relevant online sources. The main purpose of the literature research 

method is to gain an in-depth understanding of a topic, analyze trends and 

developments in a particular field, and identify existing research gaps (Abdussamad, 

2022); (Adlini et al., 2022); (Afiyanti, 2008). 

 

Results and Discussion 

Environmental Sanitation Concept 

Environmental sanitation is an important aspect of maintaining and improving 

public health through preventing human contact with environmental hazards caused by 

wastewater, litter, and soil and water contamination. It encompasses a wide range of 

environmental management practices, including domestic and industrial wastewater 

treatment, solid waste management, disease vector control, and access to clean water 

and adequate sanitation facilities (Aslam et al., 2020). The primary goal of 

environmental sanitation is to protect human health by reducing exposure to infectious 

diseases, particularly those transmitted through environmental routes (Awasthi et al., 

2021). 

Effective implementation of environmental sanitation requires cross-sector 

collaboration, involving not only governments but also communities, the private sector, 

and non-governmental organisations. Strategies include adequate policy-making, 

infrastructure development, community education on hygiene, and strict monitoring of 

regulatory compliance (Ayeleru et al., 2020). These initiatives should be tailored to local 

conditions as differences in access to resources, levels of economic development, and 

customs can greatly affect the success of sanitation practices. The use of appropriate 

technology is also important, be it advanced wastewater treatment systems for urban 

areas or community-based solutions such as communal toilets that are more suitable 

for rural areas (Ayilara et al., 2020). 

Challenges in environmental sanitation are often complex, involving issues such 

as climate change, rapid urbanization, and socio-economic inequality. Climate change, 

for example, increases the risk of extreme weather events that could disrupt sanitation 

systems, while urbanization demands more efficient waste management in rapidly 

growing cities (Bui et al., 2020). Innovative and adaptive approaches are therefore 

needed to meet these challenges, ensuring every individual, regardless of location or 

economy, has access to basic sanitation. This not only improves public health conditions 

but is also an important contribution to sustainable development. 

 
Definition and Types of Waste 

Waste can be defined as leftover materials resulting from human activities or 

natural processes that no longer have economic value and need to be disposed of or 

managed in some way so as not to pollute the environment. These wastes are generally 



 

1963 
 

categorised based on their different characteristics and origins, which determine the 

required management and disposition methods (Chen et al., 2020). Thus, one of the 

critical aspects of environmental management is a deep understanding of the different 

types of wastes, their potential impacts on human and ecosystem health, and the best 

strategies for their management (Comineti et al., 2024). 

The first and most common type of waste is solid waste. Solid waste can be 

household waste, including food waste, packaging, unwanted items, and industrial 

waste derived from manufacturing processes. Solid waste is generally further classified 

into biodegradable and non-biodegradable waste. Solid waste management involves 

collection, segregation, recycling, or disposal to landfill. In addition, efforts to reduce 

waste production at source are significant in solid waste management (D'alessandro et 

al., 2020). 

Liquid waste is another type of waste that includes domestic, industrial, and 

agricultural wastewater. This wastewater contains various dissolved and suspended 

substances that require treatment before being discharged into the natural 

environment to prevent contamination of water, soil, and ecosystems. Wastewater 

treatment aims to reduce the content of organic pollutants, nutrients, hazardous 

chemicals, and pathogenic microorganisms so that the discharged water is no longer 

harmful to human health and the environment (Das et al., 2021). 

Furthermore, hazardous waste is a category that includes solid or liquid waste 

that contains hazardous or toxic materials that can harm human health and the 

environment. These wastes can come from various sources, including chemical 

industries, research laboratories, and medical facilities (Debrah et al., 2021). Hazardous 

waste requires special handling in its collection, transport, treatment, and disposal to 

ensure that risks to public safety and the environment are minimised. Prevention of soil, 

water, and air contamination is a top priority in hazardous waste management, often 

requiring advanced technology and strict procedures in handling (Despoudi et al., 2021). 

In conclusion, waste is the residual result of human activities and natural 

processes that need to be managed appropriately to prevent environmental damage 

and safeguard public health. There are different types of waste, including solid waste, 

liquid waste, and hazardous waste, each of which requires an appropriate management 

and dispo approach according to its content and potential hazards. Effective waste 

management involves reducing waste generation at source, segregation, recycling, 

treatment, and safe disposal of waste by applicable regulations. 

In managing these wastes, it is important to consider the principles of 

sustainability, with a focus on maintaining ecological balance and preventing pollution. 

This demands innovation, environmental awareness, and collaboration between 

government, industry, and community sectors. These strategic measures not only 

minimize environmental impacts but also support the goal of sustainable development, 

which is to produce a healthy environment for current and future generations. 
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Impact of Waste on Environment and Health 

Waste, if not managed properly, can cause various negative impacts on the 

environment. Accumulated solid waste can cause problems such as illegal dumping and 

landfilling, which often escape into the surrounding ecosystem (Ding et al., 2021). Toxic 

materials in waste such as heavy metals, plastics, and hazardous chemicals can seep into 

the soil, poisoning plants and contaminating groundwater sources that are essential for 

human consumption and wildlife. This pollution can also disrupt natural habitats, reduce 

biodiversity, and cause disruptions in the food chain (Du et al., 2020). 

In addition, wastewater effluents that are not properly treated before being 

discharged into waters can cause water quality violations, causing major problems for 

aquatic life. Pollutants such as excess nutrients (nitrogen and phosphorus) can trigger 

excessive algal blooms, a condition known as eutrophication, which reduces oxygen 

levels in water and threatens the existence of fish and other aquatic organisms (Dubey 

et al., 2020). Chemical spills and pathogenic bacteria from wastewater effluents can also 

lead to the spread of diseases to humans who depend on these water sources for daily 

use (Esparza et al., 2020). 

From a health perspective, the impact of effluents, particularly hazardous 

wastes, can be significant. Exposure to toxic chemicals, whether through direct contact, 

inhalation of dust, or consumption of contaminated water, can lead to a range of serious 

health conditions (Evode et al., 2021). For example, mercury and lead in industrial waste 

can cause nerve damage and mental health problems, while volatile organic matter 

released into the air can cause respiratory and cardiovascular problems (Fadhullah et 

al., 2022). Unsafe waste handling affects not only workers in the relevant industries but 

also the surrounding communities, which shows the importance of a strict and effective 

waste handling system (Fan et al., 2021). 

Furthermore, burning waste, especially those containing plastics and hazardous 

materials, can produce smoke containing dioxins and nuisance organic pollutants, 

which are extremely harmful to human health. Continuous respiration of air 

contaminated with waste smoke can increase the risk of cancer, reproductive problems, 

immune system disorders and also server the respiratory system (Fatimah et al., 2020). 

Furthermore, such open burning when occurring on a large scale can contribute to 

climate change by releasing greenhouse gases such as carbon dioxide and methane into 

the atmosphere. 

The health impacts of waste can range from short-term effects such as eye and 

skin irritation, to long-term conditions such as hormone disruption and chronic diseases. 

High-risk populations include children, pregnant women, the elderly, and workers with 

direct exposure to waste or waste products. To protect public health, regulators must 
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implement standards for the safe and efficient storage, transport, management and 

disposal of waste (Gollakota et al., 2020). 

With increasing awareness of environmental and health issues, there is a global 

movement towards more sustainable and environmentally friendly waste management 

practices. Innovations in recycling technologies and waste-to-energy conversion are 

some examples of efforts to reduce the impact of waste processing and extract 

economic value from materials previously considered as waste. On the other hand, 

initiatives such as waste segregation at source and increased public education and 

awareness play an important role in reducing waste volumes and minimising their 

impact on the environment and health. 

 
Strategies in Waste Management 

Strategies in waste management should be comprehensive, covering various 

stages from waste generation, collection, transport, treatment, and recycling, to final 

disposal. The first step is through prevention and reduction of waste generation at 

source (Gómez-Sanabria et al., 2022). This can be achieved through environmentally 

friendly product design initiatives, where products are designed to have a longer 

lifespan, are easy to repair or recycle, and require the use of fewer, environmentally 

friendly raw materials. In addition, encouraging responsible and efficient consumption 

patterns and education on sustainable practices are also key to reducing the amount of 

waste generated by households and industries (Guo et al., 2021). 

After that, an important aspect of waste management is waste segregation. By 

separating organic, inorganic, and hazardous waste, the recycling and disposal process 

becomes more efficient and safer. In many countries, the use of separate containers for 

different types of waste has been implemented, as well as the development of 

infrastructure that supports separate collection (Gwenzi, 2021). This waste segregation 

also facilitates the recycling process, where materials such as plastics, glass and metals 

can be reprocessed into new materials, thereby reducing the need for new natural 

resources and reducing greenhouse gas emissions resulting from material production 

(Hantoko et al., 2021). 

In the final stage, waste management focuses on treatment and appropriate 

disposal. Modern waste treatment technologies include various methods such as 

composting for organic waste, incineration with filter fee gob emission capture systems 

for non-recyclable waste, to highly regulated landfilling for untreatable waste (Hoang 

et al., 2022). Waste-to-energy conversion, such as through waste-to-energy plants or 

anaerobic digestion that produces biogas, is an increasingly popular strategy to gain 

added value from waste. The importance of strict control of these disposal operations 

is to avoid pollution and manage risks to the public health of the environment. These 

practices must be supported by strong regulations, strict supervision, and co-operation 

between governments, businesses, and communities (Ilyas et al., 2020). 
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Sewage Treatment Technology 

In sewage treatment, the use of technology is a key element that determines its 

effectiveness in reducing negative impacts on the environment and human health. Such 

technologies range from simple methods to sophisticated and automated processes. 

One of the early treatment technologies is the composting technique, which converts 

organic waste into compost with the help of microorganisms (Istrate et al., 2020). This 

technique is environmentally friendly as it produces a useful product and reduces the 

volume of waste that has to be disposed of. Anaerobic digestion, on the other hand, is 

a biological process that breaks down organic waste in an oxygen-free environment to 

produce biogas that can be used as an energy source, as well as digestate that can be 

used as plant fertilizer (Jones et al., 2023). 

On a larger and more technical scale, waste incineration is a commonly used 

technology, especially in countries with limited landfill space. This technology burns 

waste at very high temperatures, effectively reducing its volume significantly and 

generating energy in the process (Kabirifar et al., 2020). However, modern incinerators 

are now equipped with advanced emission filtration systems to capture harmful 

particles and prevent pollutants such as dioxins and nitrogen oxides from being 

released into the air. Waste power plants (PLTSa), for example, are applications of this 

incineration technology that can process tonnes of waste while generating electricity 

that is then fed into the grid (Kedzierski et al., 2020). 

New technologies in waste treatment include various innovative treatment and 

recycling methods. For example, pyrolysis and gasification technologies are 

thermochemical processes that convert solid waste into energy feedstocks such as 

syngas or bio-oil in oxygen-limited environments (Kenny & Priyadarshini, 2021). In 

addition, plasma arc technology holds promise in reducing hazardous waste by using 

the extreme temperatures generated by plasma electric arcs to convert waste into 

usable gases and vitrified glass, which seals out hazardous substances. These waste 

treatment technologies, along with the development of more environmentally friendly 

materials and processes, have great potential in defining a sustainable future where the 

environmental and health impacts of waste are minimised (Kesari et al., 2021). 

Beyond physical waste treatment, technological advancements are also aimed 

at optimising monitoring and management systems for waste treatment facilities. 

Advanced software and sensors now play an important role in maximizing operational 

efficiency and compliance with environmental standards. For example, sensor-based 

sorting technology has improved recycling capabilities by accurately separating 

different types of materials on the recycling line (Khan et al., 2022). These technologies 

use spectral analysis techniques such as infrared or X-ray to sort materials based on their 

composition. The data obtained from these sensors can also be utilised for real-time 

process optimisation, predictive maintenance of equipment and better inventory 

management of recyclable materials (Khoa et al., 2020). 
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Furthermore, the arrival of the Internet of Things (IoT) in waste management 

enables the seamless integration of various data points throughout the waste disposal 

chain. Smart bins equipped with sensors can measure fill levels and communicate this 

information to waste collection agents for timely and efficient pick-ups, thereby 

preventing overages and reducing the frequency of collection when it is not required 

(Kibria et al., 2023). Similarly, route optimization software and GPS on collection vehicles 

have made waste collection routes more efficient, reducing fuel consumption and 

greenhouse gas emissions. Systems integrated with these technologies ensure a more 

responsive and efficient approach to waste management (Klemeš et al., 2020). 

In the long term, innovations such as artificial intelligence (AI) and machine 

learning are expected to provide advanced forecasting models and optimize the entire 

waste management lifecycle. AI can be used to predict waste generation patterns, 

optimize logistics, and further automate sequencing processes. Machine learning 

algorithms can analyze large amounts of data to identify trends and recommend 

adjustments to waste treatment operations, enabling continuous improvement (Koul 

et al., 2022). By integrating these cutting-edge technologies, the future of waste 

management looks towards a system that is not only environmentally friendly but also 

adaptive, capable of reducing human error, and much more efficient at turning waste 

into valuable resources. As technology continues to evolve, the goal is to close the 

waste cycle completely, ultimately working towards a circular economy where waste is 

minimized and fully reused into the manufacturing cycle (Kubanza & Simatele, 2020). 

 
Community-based Waste Management 

Community-based waste management is an approach that utilizes the active 

participation of communities in managing and reducing waste in their neighborhoods. 

This approach stems from the understanding that the direct involvement of 

communities in the waste management process can increase environmental awareness, 

encourage sustainable behaviour change, and significantly reduce the volume of waste 

generated (Kulkarni & Anantharama, 2020). Through environmental education and 

dedicated waste management programmes, communities are taught the importance of 

reducing, reusing and recycling waste as a daily practice. This approach also strengthens 

community relations and builds a collective sense of responsibility towards the 

environment (Kumar & Agrawal, 2020). 

One effective method in community-based waste management is the 

establishment of waste banks. These waste banks act as collection centres where 

communities can deposit the recyclable waste they have collected from their homes. 

The waste is then sorted, processed, and sold to recycling factories (Kurniawan et al., 

2022). The revenue earned from the sale can be utilised for social activities or 

community development, thus creating an economic incentive for the community to 

continue participating in waste management activities. Such a model not only helps 
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reduce the volume of waste generated but also supports the local economy 

(Luttenberger, 2020). 

On a broader scale, community-based waste management can contribute to 

more sustainable waste management efforts nationally and globally. By assimilating 

waste management as part of everyday life, communities act as agents of change in the 

transition towards more responsible and environmentally friendly consumption 

patterns (Kabirifar et al., 2020). Key to the success of this approach is the strong 

collaboration between communities, local governments, educational institutions, and 

the private sector, to create an inclusive, effective, and sustainable waste management 

system. The involvement of all these parties ensures that community-based waste 

management practices can continue to evolve and adapt according to emerging 

environmental challenges (Magwaza et al., 2020). 

 
Challenges in Waste Management 

One of the major challenges in waste management is the rapid growth of waste 

production, which often exceeds the capacity of existing waste management systems. 

Population and economic growth, especially in large cities, lead to a significant increase 

in the volume of domestic and industrial waste. This complicates the process of waste 

collection, processing and disposal, often resulting in the build-up of waste in unsanitary 

landfills (Malav et al., 2020). This build-up not only burdens land and resources, but also 

generates environmental problems such as soil, water and air pollution, while increasing 

greenhouse gas emissions that contribute to climate change (Manikandan et al., 2022). 

Furthermore, the lack of public awareness and participation in effective waste 

management adds to the difficulties. Despite many initiatives and programs to educate 

the public on the importance of reducing, reusing, and recycling waste, there are still 

difficulties in changing behavior on a wide scale. Low awareness of the environmental 

impacts of improper waste disposal and lack of understanding of the direct benefits of 

responsible waste management often result in reluctance to adopt these practices. This 

is accompanied by consumption habits orientated towards single-use products, which 

further exacerbates the situation (Mazari et al., 2021). 

Finally, infrastructure and funding challenges are also major barriers to effective 

waste management. Many countries, especially developing ones, face difficulties in 

providing adequate infrastructure for waste management, including state-of-the-art 

processing and recycling facilities. This is compounded by a lack of access to sufficient 

financial resources to invest in the latest waste treatment technologies or in staff 

training (Mihai, 2020). Without significant investment in infrastructure and technology, 

as well as adequate policy support, efforts to achieve efficient and sustainable waste 

management will continue to face severe hurdles (Murthy & Ramakrishna, 2022). 

In conclusion, waste management requires a holistic and participatory approach 

that involves all parties, from the government, community, industry, to educational 
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institutions. Challenges such as rapid growth in waste production, lack of public 

awareness and participation, and infrastructure and funding constraints require 

innovative and adaptive solutions. Responding to these challenges requires cross-

sector collaboration to develop efficient and sustainable waste management strategies 

that not only minimise environmental impacts but also provide social and economic 

benefits. Investments in waste management technologies, environmental education, 

and community empowerment are key to addressing these challenges. Thus, a 

responsible waste management system can be achieved, which supports environmental 

sustainability while opening up economic opportunities for communities. 

 
Conclusion 

Environmental sanitation plays a key role in ensuring public health and 

environmental sustainability. In waste management, effective strategies are needed to 

deal with the ever-increasing volume of waste. This research has identified that the 

integration of green technology approaches, improvement of infrastructure systems, 

and application of circular economy principles are essential strategic measures. 

Research demonstrates that technologies such as integrated waste treatment and 

energy-from-waste systems can reduce negative environmental impacts and improve 

sustainability. 

The main challenges faced in sanitation and waste management strategies are 

changing people's behavior and ensuring strong regulatory support. The research 

findings emphasize the importance of public awareness and education as factors 

influencing active participation in waste management. Policies and regulations that 

support responsible waste management have been shown to contribute to improved 

sanitation practices. Therefore, the creation of innovative policies and incentivizing 

industries and individuals are key to driving successful sanitation initiatives. 

Thus, addressing waste management challenges requires a comprehensive and 

multi-angle approach. Partnerships between government, industry, and the wider 

community are essential to achieving effective and sustainable sanitation goals. 

Education programs that reach all levels of society can improve action-taking that is 

responsive to waste issues. Investment in efficient sanitation technologies and 

infrastructure should continue to be promoted, while actively exploring and 

implementing innovative solutions in response to the various environmental challenges 

faced. 

A significant implication for waste management practices from these findings is 

the need to combine innovative management strategies with community-based 

approaches, to achieve sustainable outcomes. The integration of new technologies, 

such as smart waste treatment systems and the use of efficient recycling methods, with 

the development of public awareness and education on the importance of 

environmental sanitation, offers opportunities to reduce environmental footprints and 
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promote public health. Successful implementation of this strategy relies heavily on the 

cooperation of stakeholders, including governments, businesses, and communities, in 

promoting supportive policies and empowering local initiatives aimed at holistically 

improving waste management systems. 
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