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Abstract— This research study examines the effectiveness of Ecological Solid Waste Management Practices in Kalayaan, 

Laguna, focusing on waste segregation, collection, transportation, and enforcement of regulations. The study utilizes a 

descriptive research method, employing survey questionnaires and document analysis to gather data. Through random sampling, 

394 respondents comprising municipal officials and community residents were selected. Findings reveal commendable 

effectiveness in waste segregation and collection, with minor areas for improvement identified. Challenges persist in areas such 

as bulky waste collection, provision of personal protective equipment, and enforcement of fines and penalties for littering and 

dumping. Community awareness and access to recycling facilities emerge as critical issues affecting waste management efficacy. 

The study underscores the need for continuous improvement and community engagement to enhance waste management 

practices and ensure environmental sustainability. Overall, the research contributes valuable insights to optimize solid waste 

management strategies, fostering a cleaner, greener, and healthier living environment in Kalayaan, Laguna. 

Keywords: Ecological Solid Waste Management, Waste Segregation, Waste Collection, Waste Transportation, Environmental 

Sustainability. 

I. INTRODUCTION 

The planet is littered with 2.12 billion tons of waste. We're dumping a huge 2.12 billion tons of waste on the earth every year. If 

all this waste were put on trucks, it would go around the world 24 times (The World Counts 2023).  

There are several ecological problems associated with inadequate waste management. Firstly, it causes soil pollution because 

waste can contaminate the soil with dangerous chemicals and pose a risk to people's health by consuming contaminated food. 

Secondly, improper waste disposal contributes to air pollution, mainly from burning waste at landfills, releasing toxic substances 

such as dioxin, which harms the environment and human health. Furthermore, the negligent disposal of plastic waste leads to the 

pollution of oceans, with a staggering 13 million tonnes of plastic ending up in the world’s oceans annually. If this trend persists, 

by 2050, the amount of plastic in the oceans is projected to surpass the fish population, further disrupting marine ecosystems. 

Lastly, groundwater pollution is a direct consequence of irresponsible waste management, with a staggering 280 billion tons of 

groundwater being contaminated yearly, averaging 9,000 tons per second. These alarming environmental repercussions 

necessitate urgent and effective waste management strategies to mitigate the damage and secure a sustainable future (Choi, 

2016). 

The escalating volume of waste generated in contemporary society constitutes a pressing issue, prompting a critical examination 

of effective approaches to tackle the waste crisis. Waste management emerges as a pivotal concern to mitigate the adverse 

environmental repercussions and safeguard the well-being of human populations. The fundamental objective of waste 

management is to facilitate the safe and appropriate treatment of waste, thereby minimizing detrimental impacts on the 

environment. Among the various disposal methods, landfilling stands as a significant approach; however, it is directly associated 

with both human health concerns and environmental implications (Choi, 2016, p. 1). 

Addressing the challenges and implications of waste management, including the utilization and implications of landfilling, is 

paramount to fostering sustainable waste practices and promoting a healthier environment for all. 

The growing challenge of increasing municipal solid waste generation represents an emerging problem in the People's Republic 

of China, which is a rapidly developing country with population growth and industrial development. The overall MSW 

production increased remarkably between 1980 and 2006, rising from 31.3 million tonnes to an astonishing 212 million tonnes, 

indicating a significant increase in waste production over this period. Concurrently, the waste generation rate surged from 0.50 

kg/capita/day in 1980 to 0.98 kg/capita/year in 2006, underscoring the intensification of waste production on a per capita basis 

(Wang, Bi, Saito, Wang, Sun, Zhang, Yang, 2020). 

It is evident that as China continues to experience rapid urbanization and industrial development, effective waste management 

policies and infrastructure need to be in place to keep pace with the increasing waste generation. The insights provided by these 

statistics underscore the urgency for sustainable waste management solutions that align with the country's evolving socio-

economic landscape. 
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According to the Coracero, Gallego, Frago, and Gonzales (2021) study, the Philippines is experiencing a continuous increase in 

waste and is expected to increase further in the coming years. An increasing volume of solid waste, weak legislation 

implementation, lack of sanitary landfills and insufficient disposal have been identified as associated problems with the 

management of solid waste in this country. Only good governance, active participation of the people of the Philippines, and the 

cooperation of all stakeholders and agencies in the Philippines will enable these solutions to be achieved. 

The study by Coracero et al. (2021) highlights a growing waste problem in the Philippines, with weak law enforcement and 

insufficient landfill capacity. The key solution is the Ecological Solid Waste Management Act (RA 9003), emphasizing waste 

segregation, proper disposal, and waste diversion. Public participation and awareness are vital for a trash-free Philippines. 

Valorization, converting waste to valuable products or energy, offers another solution to waste management and environmental 

concerns. Successful implementation requires good governance and active involvement from the population and relevant 

agencies. 

Kalayaan, Laguna has been classified as a third-class municipality. The population was 24,755 according to the census carried 

out in 2020. The primary challenges in the municipality include insufficient funding for the maintenance of the sanitary landfill, 

non-compliance of the barangay with regards to R.A. 9003, resistance from community residents to pay the 'garbage fee,' and a 

lack of awareness among the community residents regarding solid waste management ordinances (V. O. Abarca, personal 

communication, August 17, 2018). 

II. HEADINGS 

II.I.  RELATED LITERATURE 

II.I.I.  FOREIGN LITERATURE  

Countries of Latin America and the Carib, LAC. Dominance of uncontrolled disposal options of municipal solid waste (MSW) 

from the region, known as open dumps, has an impact on the sanitation and health. In the LAC region, there is little interest in 

separation practices and recycling of sources. In addition, service sustainability is also hampered by economic issues like 

insufficient financial planning and inefficient payment systems. Another characteristic feature of this region is rapid urbanization. 

The management of MSW is a challenge for large urban centres, which accommodate more than 80 % of the area's population. 

However, if priority is given to recovery options, the same large amount of MSW generated can become a reliable source of 

resources. One aspect that ties together a wide range of activities and stakeholders involved in the management of mental health 

services is governance (Hettiarachchi, Ryu, Caucci, & Silva, 2018). 

A study by Debrah, Vidal, and Dinis (2021) indicates positive attitudes towards the environment and a growing awareness of it 

among students at both secondary and tertiary levels. Nevertheless, to guide students on the implementation of SWM, there is a 

need for more training in teaching. Students' lack of environmental knowledge relates to the absence of teachers' practical 

experience in Sustainable Waste Management. There was also a correlation between teachers and students' understanding and 

viewpoint towards SWM related to education and age. 

Many negative effects on the ecosystem, including as nitrogen pollution, ocean plastic accumulation, and greenhouse gas 

emissions, are caused by global municipal waste production. Nevertheless, there needs to be more data on the development of 

waste and pollution over time or in the future. We use compositional Bayesian regression to generate the first estimates of waste 

creation in the past and future (1965–2100) broken down by composition and treatment, as well as the ensuing environmental 

effects, for each nation (Chen, Bodirsky, Krueger, Mishra, & Popp, 2020) 

Pam Phu, Hoang and Fujiwara (2018) have contributed to the increase in urban waste generation of 3% per year as a consequence 

of urbanisation, wealth and rapid development in Malaysia. Since the 1990s, waste generation in Kuala Lumpur has increased 

by 10 times as much from about 590 tonnes per day up until 3000 tonnes per day and primarily comes from Organic Waste 

which accounts for around 50% of all garbage streams. Almost 95% of collected waste is disposed of into more than 300 landfills, 

and landfill space is being exhausted rapidly. Another obstacle to the development of sustainable landfills is that they are viewed 

as a mere burden, not commodities producing energy in Malaysia.  

In the current study, Pam Phu et al. 2018 aim to analyze waste characteristics and management practices of hotels in Hoi An, 

Vietnam's central tourism city. The results showed that the average rate of hotel waste generation was 2.28 kg per guest per day, 

strongly correlated with internal factors such as capacity, room price, garden, and restaurant level. It has been shown that there 

is a statistically significant difference in the rate of hotel waste production. The higher the scale of hotels is the higher the waste 

generation rate. In addition, it was found that the hotel waste contained 58.5% biodegradable and 25.8% recyclables as well as 

15.7% of other waste. Explaining the relative differences in hotel waste composition depending on climatic conditions, features 

of hotels and guest types was done. The percentage of biodegradable waste and the proportion of recycled waste shall increase 

with increasing hotel size. The study also showed that it has successfully implemented waste management practices for hoteliers, 

with 76% sorted, 39% recycled, 29% reduced, and 0.8%Composting. The rate of waste management practices was proportional 

to the scale of the hotel. This study provided information on the waste management practices of the hotel sector and made a 

significant contribution to the evaluation of Hoi An City's total municipal solid waste management procedures. 
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The article by Abubakar, Maniruzzaman, Dano, AlShihri, AlShammari, Ahmed, and Alrawarf (2022) examines the impact of 

SWM practices on human and environment health in Global South cities emerging as global urbanization's next big thing. The 

study uses a desktop research methodology based on in-depth primary data analysis and literature, e.g., formal documents and 

newspaper articles. It finds that standard waste management practices include mixing household and commercial waste with 

hazardous waste during storage and handling. Trash is primarily stored in outdated or improperly maintained facilities, such as 

storage containers; the transportation infrastructure frequently has to be updated; and the most common ways to dispose of trash 

include landfills, open-air incinerators, and uncontrolled dumping.  

The negative effect of such practices includes air and water pollution, land degradation, methane and hazardous leachate 

emissions, and climate change. Residents who live in marginalized social groups are primarily affected by these effects, which 

have major consequences to the environment and public health. Recommendations to mitigate public and environmental health 

risks associated with current SWM practices in the Global South are presented in the paper. 

Twelve selected indicators are set out in Le, Dinh, and Nguyen's (2023) Report: investment cost, water treatment costs, operation 

and maintenance costs, revenue benefits, employment creation, community consensus, support policies, Community Health, Air 

Pollution, Water Pollution, Greenhouse Gas Emissions, Land Quota. Waste to energy is identified as the best alternative solution 

in Ho Chi Minh City, given that around 70% of landfill applications are being applied, among three MSW facilities selected for 

incineration: landfills, compost and waste to energy. Decision makers and policy makers in developing countries can use the 

selection process and indicators identified to select MSW treatment technologies. Ho Chi Minh City’s governors also benefit 

from finding the most certain and appropriate waste technology. The technology adoption roadmap and its implementation plan 

should be thoroughly considered to address challenges in MSW management in the city. 

II.I.II.  LOCAL LITERATURE  

According to Oandasan (2023), the problem in solid waste management, as highlighted by the study in the province of Laguna, 

appears to be a gap between the perceived importance of various influencing factors and the actual level of implementation of 

RA 9003. While the influencing factors are significant, they may need to be more effectively translated into tangible 

improvements in waste management practices. The identified financial challenges further underscore the difficulties that Local 

Government Units (LGUs) face in adequately addressing and complying with the requirements of the legislation.  

Wynne (2018) explains the development and execution of a community-based program aimed at educating the locals and 

fostering the construction of sustainable initiatives to enhance the SWM practices that have been found to have an impact on the 

coastal and riverine habitats in Tabaco City, Albay, Philippines. The Save the Rivers, Save the Sea program was created to get 

students and young people in the community involved in environmental issues. A team of students was mobilized in the first 

year of the program, and data from workshops, water quality testing, and needs assessments of the community were gathered 

and used to construct an action plan that would last the rest of the program in a sustainable manner. The action plan sets out the 

objectives and targets of the programme to influence SWM changes in Tabaco City's rivers and coastal zones. The results of the 

1st year's programme and observations have shown that Community Based Programmes are a useful tool to address SWM 

challenges but must coexist with supportive and committed Local Government Units in order for them to function sustainably. 

Unira, Macabales, and Incomio (2023) decided to study and provide an optimal solution to help the potential target market of 

Laguna municipalities, specifically San Pedro, Biñan, Sta. Rosa, Cabuyao, and Calamba need to have an optimal garbage 

collection. The study, therefore, will contribute to the attempt to solve one of the country’s top problems: the high volume of 

solid waste. Through careful consideration of the marketing, technological, organizational or managerial, financial, socio-

economic, and environmental factors, the researchers collected the essential data to support the feasibility study. The startup 

capital of 16,974,658.27 PHP is required. Based on the results, the advocates suggested the following: 1) implement the enhanced 

system in the municipalities; 2) offer a more precise and comprehensive collection schedule; 3) carry out further research on 

waste segregation; 4) take into account the most effective sustainable development objectives; and 5) additional vehicles for the 

collection of waste. 

The correct separation and redirection of solid waste is critical to the SWM's effectiveness. People's participation and knowledge 

are essential for proper segregation. Moreover, the people's participation relies on the government's political will to implement 

its policies and educate its people. This is why it all boils down to the integrity and willingness of the government to make a 

difference (Valderrama, 2020). 

A study showed that the respondents needed to be educated about proper waste disposal at the university. Most respondents 

across all groups believe waste disposal is a problem in the university. Laguna University, one of the offices under the Provincial 

Government of Laguna (PGL), is committed to supporting all of its programs. As a result, it is dedicated to carrying out the 

PGL's solid waste management policy. Teaching students and other stakeholders to protect the environment, especially through 

appropriate solid waste management, should be Laguna University's top priority. In order to safeguard solid waste management 

for both the present and the future of Laguna University, a sustainable development plan is necessary. Finally, the problems that 

Laguna University found should set standards for better garbage collection and management in schools. If people don't know 

enough about SWM, it can affect how they behave and think about sustainable practices. For any environmental program to be 

successful, this is the first thing that needs to be addressed (Fucio, R., Fucio, C., & Bato, 2023). 
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A recent study found that many people at Laguna University, including students, lack knowledge about proper waste disposal, 

and there is a shared belief that waste management is a problem on campus. As part of the Provincial Government of Laguna, 

the university is committed to following solid waste management policies. It suggested that the university educates everyone, 

not just students, about taking care of the environment through proper waste management. To secure a sustainable future, Laguna 

University should create a simple plan for sustainable development focusing on waste management. Guidelines should be set up 

to improve how waste is managed and collected in schools, as the lack of knowledge about waste management may affect 

people's behavior and attitudes towards sustainable practices (Fucio et. al., 2023). 

II.I.III.  SYNTHESIS OF THE RELATED LITERATURE 

The literature about waste management in Latin American and Caribbean (LAC) countries highlights several critical issues. 

Primarily, the prevalence of uncontrolled disposal options for municipal solid waste (MSW), notably open dumps, significantly 

impacts public health and sanitation within the region. Despite the adverse consequences, interest in implementing source 

separation practices and recycling remains low in LAC countries. Additionally, economic challenges, such as inadequate 

financial planning and ineffective billing systems, further impede the sustainability of waste management services. 

According to the study by Debrah, Vidal, and Dinis (2021), secondary and postsecondary students had high environmental 

awareness and positive environmental views. However, they need more practical solid waste management (SWM) education due 

to teachers' limited experience in this area. This deficiency in teachers' practical knowledge directly correlates with students' low 

environmental knowledge regarding SWM. The research highlights a significant relationship between teachers' and students' 

knowledge and attitudes towards SWM, suggesting the pivotal role of educators in shaping students' understanding and behaviors 

towards environmental sustainability. Moreover, the study identifies variations in awareness, attitudes, and practices of SWM 

among students based on their educational level and age, emphasizing the need for targeted educational interventions to address 

these differences. Overall, the findings underscore the importance of enhancing teachers' practical expertise in SWM to 

effectively guide students and foster environmentally responsible behaviors from an early educational stage. 

The study conducted by Chen, Bodirsky, Krueger, Mishra, and Popp (2020) addresses the scarcity of estimates regarding global 

municipal waste production and its environmental impacts, such as greenhouse gas emissions, ocean plastic accumulation, and 

nitrogen pollution. The researchers use compositional Bayesian regression approaches to close this gap by producing the first 

complete estimates of trash generation in the past and future (1965–2100) broken down by composition and treatment methods 

in every nation. By applying this methodology, the study provides valuable insights into the trends and patterns of waste 

generation and its associated environmental impacts at a global scale, offering a basis for informed policy-making and mitigation 

strategies to address the challenges posed by increasing municipal waste production and its environmental consequences. 

 One crucial aspect impeding the establishment of sustainable landfills is the perception of landfills merely as a burden and not 

as a commodity for energy generation. This literature underscores the urgent need for innovative waste management strategies 

to tackle Malaysia's escalating urban waste challenge, emphasizing the importance of transitioning towards sustainable waste 

management practices for the well-being of the environment and society.  The research conducted by Pam Phu 

in 2018 focuses on analyzing waste characteristics and management practices within the hotel industry in Hoi An, a prominent 

tourism city in the center of Vietnam. The study aims to shed light on the waste generation rates, composition of waste, and 

waste management practices within hotels in this region. In summary, this research contributes valuable insights into waste 

management practices within the hotel industry, focusing on waste generation rates, waste composition, and the impact of various 

factors on waste management. Additionally, it provides information essential for understanding and improving overall municipal 

solid waste management practices in Hoi An City, a vital aspect of sustainable tourism development. 

The literature by Abubakar et al. (2022) focuses on evaluating the human and environmental health effects of solid waste 

management (SWM) practices, particularly in cities of the Global South, which are anticipated to be major centers of global 

urbanization. The study employs a desktop research methodology, primarily relying on an in-depth analysis of secondary data 

and existing literature, including official documents and published articles. In summary, this literature highlights the urgent need 

to address the adverse consequences of SWM practices in the Global South. It emphasizes the importance of implementing 

effective waste management strategies to mitigate environmental degradation and safeguard public health, particularly for 

marginalized communities. The recommendations provided serve as a crucial guide to improve SWM practices and move 

towards more sustainable and equitable waste management systems in these rapidly urbanizing regions. 

Le, Dinh, and Nguyen (2023) identified 12 crucial indicators, including investment cost, treatment cost, operation and 

maintenance costs, revenue/benefits, job creation, community consensus, support policy, community health, air pollution, water 

pollution, greenhouse gas emissions, and land quota, to evaluate municipal solid waste (MSW) treatment technologies. Among 

landfill, compost, and waste-to-energy incineration, waste-to-energy emerged as the optimal solution for Ho Chi Minh City, 

given that approximately 70% of landfilling is currently in use. The outlined selection process and indicators offer valuable 

guidance for decision-makers and policymakers in developing countries when choosing MSW treatment technologies. 

Furthermore, the findings support Ho Chi Minh City's leaders in adopting the most suitable waste technology, facilitating the 

development of a technology adoption roadmap and implementation plan. 

Oandasan's (2023) study on solid waste management in Laguna reveals a notable gap between the recognized importance of 

influencing factors, including institutional, technical, legal, financial, external assistance, and public participation, and the 

practical implementation of Republic Act 9003 (RA 9003). Despite this recognition, there needs to be more tangible 
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improvements in waste management practices. Financial challenges stand out as a critical hurdle, indicating the struggles faced 

by Local Government Units (LGUs) in Laguna to meet RA 9003 requirements. The findings highlight a need for targeted 

interventions, particularly in budget allocation and financial support, to enhance the effectiveness of solid waste management 

practices in the region. 

Unira, Macabales, and Incomio (2023) conducted a study to optimize garbage collection in Laguna's municipalities, focusing on 

San Pedro, Biñan, Sta. Rosa, Cabuyao, and Calamba. The research, considering marketing, technical, organizational, financial, 

socio-economic, and environmental aspects, determined a startup cost of 16,974,658.27 Php. Recommendations include 

implementing the improved system in target municipalities, refining collection schedules, studying waste segregation, aligning 

with sustainable development goals, and expanding the solid waste collection fleet to address the country's significant solid waste 

problem. 

The effectiveness of Solid Waste Management (SWM) hinges on the accurate segregation and diversion of solid waste, a process 

heavily influenced by public knowledge and participation. The level of public involvement, in turn, is contingent on the 

government's political will to enforce policies and educate citizens. In essence, the success of SWM ultimately rests on the 

integrity and determination of the government to bring about positive change (Valderrama, 2020). 

II.II. RELATED STUDIES 

II.II.I. FOREIGN STUDIES  

According to the study of Zhao and Onoda (2022), the examination of examples involving local power producers and suppliers 

(local PPS) with waste-to-energy systems aimed to comprehend the current role of the municipal solid waste (MSW) treatment 

system in constructing a sustainable society. The study also encompassed a review of the process of centralizing MSW treatment 

facilities, aligning with the policy trends of the MSW treatment system in Japan. An example of a sustainable MSW treatment 

system was demonstrated through an investigation and examination of the Kakegawa regional circular and environmental sphere 

(regional CES) concept, which helped to build the Japanese version of Stadtwerke. The case study examined two viewpoints: 

putting local public interest first and public-private partnerships (PPPs). The findings underscored the critical importance of 

public involvement in PPPs and enhancing social acceptance by cultivating trust among citizens by considering public interest. 

According to the results of the Maalouf and Mavropoulus study of 2023, the total global volume of waste generated in 2017 was 

approximately 20 billion tonnes. That comes up to 2.63 tonnes of garbage generated annually per person. In the event that all 

proceeds as usual, 46 billion tonnes of garbage will be produced worldwide by 2050. Municipal solid waste is much smaller, 

ranging from 2.3 to 3.1 billion tonnes, an average of 2.7 billion tonnes in 2019. This is due to the fact that MSW production rose 

by 30% and 50%, respectively, during the previous 15 years, from 2004 to 2019. By 2050, the amount of MSW created is 

predicted to range from 2.89 to 4.54 billion tonnes, depending on the assumptions made. Compared to 2019, this is an increase 

of 26% to 45%. Overall, the study revealed that almost one-third of the total MSW generated needs to be collected and that most 

of what is collected needs to be treated according to current thinking on good management. In addition, open dumping and 

unauthorized burning account for nearly 42% of MSW. This finding gives policymakers helpful insight into the development 

and evaluation of circular economy policy instruments to meet Sustainable Development Goals. 

In light of this, three waste handling case scenarios were examined over the years 2001–2051 while accounting for India's 2030 

sustainable development targets. Case I is an Indian waste management scenario where 164,735 tonnes of waste per year would 

be produced between 2001 and 51. In addition, 60% of waste may be treated in case II that helps reduce the land requirement by 

up to 40% from 2031's estimated conditions such as 83.8 107 m3. With a restricted population, Case III is the best waste 

management scenario for 2031 in terms of reducing trash by 80%. As a result, the amount of landfill space needed would be 

reduced to as little as 16.76 × 107 m3. The article concludes that where LCA can be an antidote to achieving Sustainable 

Development Goals, formal management, and treatment of ISWM would reduce landfilling. Giovanni, 2019). 

In order to improve sustainable waste management practices in Australia, the study of Andeobu, Wibowo and Gandhi (2022) 

examines how artificial intelligence technology is applied across different areas of SWM generation, sorting, collection, vehicle 

routing, treatment, disposal and waste planning. Prior studies from various databases from 2005 to 2021 are collected and 

analyzed to achieve the objectives of this study. The study aims to apply AI applications in the SWM, analyze their performance, 

find benefits and challenges, and provide best practice recommendations for optimizing resource efficiency to improve economic, 

environmental, and social outcomes. In comparison with other models used for the prediction of solid waste generation and 

recycling, this study has shown that AI Based Models are able to predict more clearly. The findings show that waste generation 

in Australia continues to increase and requires an upgraded and improved recovery infrastructure, as well as appropriate adoption 

of advanced artificial intelligence technologies for sustainable waste management. The widespread use of artificial intelligence 

recycling methods in Australia would be aided by a national strategy that takes regional variations into account and aims for 

consistency across jurisdictions. By increasing the existing recycling rates, eliminating the need to perform jobs manually, 

lowering costs, maximizing effectiveness, and changing how we treat waste management, this study will benefit researchers, 

governments, policymakers, municipalities, and other organizations responsible for managing waste. 

II.II.II. LOCAL STUDIES  
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According to Tang and Ledesma's study from 2023, trash management firms, port authorities, and local government should work 

together to create and carry out comprehensive waste management plans that involve all parties. To guarantee compliance, such 

programs should include infrastructure upgrades, education and awareness-raising initiatives, and strong enforcement measures. 

The study emphasizes how crucial it is to deal with the management of solid waste in the Port of Zamboanga in order to promote 

sustainable development and enhance community well-being. This study emphasizes how crucial it is to include environmental 

issues in management strategies and public policy, especially in places like Zamboanga City that are developing quickly. 

In the study of Lamond, Bhattacharya, and Bloch (2022), Solid waste management is a growing problem for developing 

countries. It is often a neglected aspect of urban management. On the other hand, ineffective waste management can exacerbate 

the effects of urban flooding by obstructing drainage, producing more debris, and housing disease-carrying organisms. It is 

confirmed by a review of the research and an examination of case studies (from the literature as well as from examples gathered 

in the process of creating a global urban flooding handbook) that the handling of solid waste is a developing concern in the 

practice of flood risk management. To improve waste management, large municipal programs and locally based community 

schemes were used. It is important that waste management is adopted as part of a comprehensive, integrated flood management 

program. The research demonstrates that waste management can effectively respond to flood risk, but sufficient commitment 

and engagement can be mobilized in the long term to remain successful. 

II.II.III. SYNTHESIS OF THE RELATED STUDIES 

The study by Zhao and Onoda (2022) focuses on regional electricity generation and supply (local PPS) with wastes-to-energy 

systems in order to examine the function of municipal solid waste, or MSW, treatment systems in creating a sustainable society. 

A review of the MSW treatment facilities' centralized process in accordance with current policy trends in Japan is part of the 

research. An example of a sustainable MSW processing system that helped establish the Japanese version of Stadtwerke is 

provided through an examination of the Kakegawa region circular and environmental sphere (regional CES) concept. The case 

study explores public–private partnerships (PPPs) and the prioritization of local public interest, emphasizing the crucial role of 

public involvement in PPPs and the necessity of enhancing social acceptance by considering public interest for effective waste 

management practices. 

Maalouf and Mavropoulus (2023) found that nearly one-third of generated municipal solid waste (MSW) is not collected, and a 

significant portion of the collected waste needs to be treated according to contemporary standards of sound management. 

Additionally, almost 42% of MSW ends up in open dumping or uncontrolled burning. These findings offer important insights 

for policymakers, suggesting the need to design and evaluate circular economy policy instruments to address these challenges 

and work towards achieving sustainable development goals. 

The study conducted by Giovanni (2019) examines three waste management case scenarios from 2001 to 2051 in India, 

considering the weightage of sustainable development goals for 2030. Case I represents India's current waste management 

scenario, projecting the generation of 164–735 tonnes/year of waste from 2001 to 2051. In Case II, 60% of the waste can be 

treated, reducing the land requirement by 40% compared to the estimated conditions of 2031. Case III presents the ideal waste 

management condition 2031, aiming to reduce waste by 80%, thereby minimizing landfill requirements to 16.76 × 107 m3 under 

controlled population conditions. The study concludes that formal handling and treatment of integrated solid waste management 

(ISWM) can minimize landfilling, and life cycle assessment (LCA) can contribute as an antidote to achieving sustainable 

development goals. 

Andeobu, Wibowo, and Gandhi's (2022) study investigates the application of AI technologies in various aspects of solid waste 

management (SWM) in Australia. Analyzing studies from 2005 to 2021, the research focuses on AI's role in SWM, comparing 

its performance, exploring benefits and challenges, and providing best practices. The findings reveal that AI-based models 

outperform other forecasting methods in predicting solid waste generation and recycling. The study emphasizes the increasing 

waste generation in Australia, advocating for upgraded infrastructure and the effective adoption of AI to enhance sustainable 

SWM. It suggests a national approach to AI recycling technologies for consistency across regions. The study aims to guide 

researchers, governments, and waste management organizations in improving recycling rates, reducing costs, and transforming 

solid waste management practices. 

Tang and Ledesma's (2023) study recommends collaborative efforts among local government, port authorities, and waste 

management companies to establish comprehensive waste management programs involving all stakeholders. These programs 

should encompass education, infrastructure enhancements, and robust enforcement mechanisms for compliance. In order to 

support sustainable growth and improve the quality of life for nearby communities, the handling of trash in the port city of 

Zamboanga is the main focus. The study emphasizes integrating environmental considerations into public policy and 

management practices, particularly in rapidly developing areas like Zamboanga City. 

Lamond, Bhattacharya, and Bloch's (2022) study addresses the significant and growing issue of solid waste management in 

developing countries, which is often overlooked in urban management. The research highlights the impact of poor waste 

management on urban flooding, citing examples where it blocks drainage, increases debris, and fosters disease vectors. The 

literature review and case studies, including those from a global urban flood handbook, affirm that solid waste management is 

an emerging concern in flood risk management. The study suggests improving waste management through large municipal 

programs and community schemes, emphasizing its integration into comprehensive flood management programs. The research 
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underscores that effective waste management can respond to flood risk but requires long-term commitment and engagement for 

sustained success. 

II.III. THEORETICAL FRAMEWORK 

The theoretical basis of this study is anchored on the theories relating to the implementation of solid waste management. 

Waste Management Theory  

A more thorough explanation of the field can be found in the Theory of Management of Waste. Conceptual studies of waste, 

how to act upon trash, and an all-encompassing perspective of waste management objectives are all included. The premise of the 

theory of waste management is that its goal is to keep trash from endangering the environment or human health. Properly defining 

waste is crucial to constructing a sustainable waste management agenda. Current legislation attends to existing waste. 

Nevertheless, since something cannot be stopped from existing after it already exists, definitions originating from this condition 

can be at odds with waste prevention objectives (Pongrácz, Phillips, & Keiski, 2020). 

Waste management theory is deeply rooted in its mission to mitigate harm to human health and the environment by preventing 

or minimizing waste generation. The overarching goal is waste prevention—taking proactive measures to reduce waste creation. 

However, an inherent conflict emerges when an item is labeled "waste." Once this classification occurs, the standard waste 

management processes, including collection, transportation, disposal, or recycling, are set in motion, effectively treating the 

material as waste. This contradiction challenges the initial objective of waste prevention and highlights the need for a nuanced 

approach, particularly relevant in ecological solid waste management. 

Environmental Theory 

Nightingale's emphasis on the role of the physical environment in health and disease prevention has contributed to shaping 

contemporary infection control guidelines and protocols. In healthcare facilities today, infection control measures incorporate 

her principles to create environments that minimize the risk of healthcare-associated infections. This includes practices such as 

rigorous cleaning and disinfection, proper waste disposal, ventilation systems, and adherence to hand hygiene protocols (Gilbert, 

2020, p. 626-633) 

Relating this study to an investigation of Ecological Solid Waste, the Environmental Theory holds relevance in shedding light 

on the broader perspective of the environment's influence on health and well-being. Like Nightingale's emphasis on a conducive 

environment for patient recovery, understanding the environmental aspects is crucial in the context of ecological solid waste 

management. The theory underscores the necessity of a sustainable and ecologically sound waste management environment to 

ensure the well-being of communities and the ecosystem. Incorporating insights from the Environmental Theory can provide 

valuable perspectives on the impact of the environment in promoting sustainable waste management practices and, consequently, 

safeguarding public health and the environment. 

II.IV. CONCEPTUAL FRAMEWORK 

The conceptual framework represents the information in relation to the statement of the problems. In the proposed conceptual 

framework, the study addresses several key components. The independent variables include an exploration of the extent of 

effectiveness of implementation of solid waste management in Kalayaan, Laguna with the key components of segregation of 

waste, collection and transport of wastes, and the prohibited acts, fines and penalties. 

Research Paradigm 

Figure 1 presents the paradigm of the study, which shows the process of this study. 
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Figure 1. Paradigm of the Study 

Figure 1 depicts the dependent variable the researcher tries to measure on the effectiveness of implementation of solid waste 

management in the Municipality of Kalayaan, Laguna. It was analyzed with the established independent variables, such as the 

extent of effectiveness of the implementation of solid waste management and the degree of the challenges encountered in 

implementing ecological solid waste management policies, along with the identified variables. The independent variables on 

how moderator measure if there is a significant relationship between the perceived level of effectiveness in the implementation 

and degree of challenges in implementing ecological solid waste management policies. 

An intervention program was considered an indispensable requirement or an output that would address the identified problems 

resulting from the study.         

II.V. SIGNIFICANCE OF THE STUDY 

The findings of this study will offer municipal officials and community partners valuable insights and information. This 

knowledge will assist them in effectively guiding their support and roles in implementing solid waste management practices 

within their respective communities. The study will also help identify critical areas requiring attention when addressing solid 

waste. 

Barangay 

The study's findings can benefit barangay officials and community residents, providing them with valuable knowledge about the 

effective implementation of Solid Waste Management. 

Municipal 

The study's findings may catalyze the development of more practical solutions concerning Solid Waste Management, serving as 

a valuable guide for addressing present and future challenges in this area. 

Government  
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The study's results can be utilized to assess the efficiency and effectiveness of the government's initiatives regarding 

implementing Republic Act No. 9003, known as Ecological Solid Waste Management Act of 2000. 

Researcher 

The study's findings will enrich the researcher's understanding of proper solid waste management implementation and position 

them as an active partner in advocating for best practices. 

Future Researcher 

The study will benchmark future researchers engaging in similar research endeavors. 

Legal Basis 

The study was based on Republic Act Number 9003, "Ecological Solid Waste Management Act of 2000." Given the serious 

environmental consequences of waste mismanagement, the passage of this act marked a significant milestone in environmental 

legislation in the Philippines, addressing the imminent garbage challenges faced by the nation. 

II.VI. OPERATIONAL DEFINITION OF RELEVANT TERMS 

The following definition of relevant terms gives the readers of this study a better grasp of the terms used in this manuscript. 

Composting describes the carefully regulated breakdown of organic materials into a substance resembling humus by 

microorganisms, primarily bacteria and fungi; 

Consumer electronics shall refer to particular waste that includes worn-out, broken, and other discarded items such as radios, 

stereos, and TV sets; 

Disposal refers to a location where solid waste is finally discharged and deposited; disposal shall mean the discharge, deposit, 

dumping, spilling, leaking, or depositing of any solid waste into or on land; 

Ecological solid waste management should refer to the methodical management of all waste management operations that do 

not negatively impact the environment, including the segregation of waste at the source, separate transportation, storage, transfer, 

processing, treatment, and disposal of solid waste; 

Municipal waste refers to wastes produced from activities within local government units, including domestic, commercial, 

institutional, and industrial wastes and street litter. 

Recovered material is used to describe a substance and its byproducts that have been salvaged or redirected from solid trash in 

order to be gathered, processed, and utilized as a raw material to create a recycled product; 

Recyclable material recognized as any waste material that has been removed from the waste stream, is uncontaminated, and 

can still be put to good use or other uses. Examples of such materials include newspaper, used oil, ferrous and non-ferrous scrap 

metal, corrugated cardboard, aluminum, glass, office paper, tin cans, and other materials that the Commission may decide to 

include. 

II.VII. STATEMENT OF THE PROBLEM 

The study centered on the Ecological Solid Waste Management: The Kalayaan, Laguna Experience. It will particularly address 

the subsequent sub-problems: 

1. What is the extent of effectiveness of implementation of the solid waste management in the Municipality of Kalayaan, 

Laguna in terms of. 

1.1 Segregation of waste. 

1.2 Collection and transport of solid waste; and 

1.3 Prohibited Acts, fines, and penalties? 

2. Is there a significant difference in the perceived level of effectiveness of the implementation of solid waste management 

between the LGU and community residents? 

3. What is the degree of the challenges encountered in the implementation of policies of ecological solid waste 

management along with the identified variables? 

4. Is there a significant relationship between the perceived level of effectiveness on the findings of the study? 

5. What intervention program may be proposed based on the findings of the study? 

Hypothesis: 

1.   There is no significant difference in the in the perceived level of effectiveness of the implementation of solid 

waste management between the LGU and community residents? 
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2.      There is no significant relationship in the extent of the level of effectiveness of the implementation of solid 

waste management and the degree of challenges encountered in its implementation. 

III. ARRANGEMENTS AND EQUATIONS 

Methodology 

This chapter presents the research design, research method, population of the study, the locale of the study, scope and limitation 

of the study, data gathering tools, data gathering procedure, treatment of data, ethical considerations, and dissemination of the 

research outcomes. 

III.I. RESEARCH DESIGN 

The study utilized the descriptive research method, employing a survey questionnaire as the principal instrument for data 

gathering. Its purpose was to systematically describe the existing Ecological Solid Waste Management in the Municipality of 

Kalayaan, Laguna. The study was intended to evaluate the status of this procedure for the calendar years 2015 to 2022. 

According to Zulueta and Costales Jr (2020), the Descriptive method describes the nature of the situation as it exists at the time 

of the study and aims to explore the causes of phenomena. Descriptive research involves collecting data to test hypotheses or 

answer questions concerning the status of the subject of the study. 

The survey technique was primarily used to gather the necessary data for this study. Informal interviews, documentary gathering, 

and analysis were also utilized as secondary or supporting data-gathering instruments. 

III.II. POPULATION OF THE STUDY 

Random sampling was conducted to determine the number of respondents to this study. Random sampling is a method of 

selecting an observation sample from the population to make assumptions about that population. Another name for it is 

probability sampling. Non-probability or non-random sampling is the opposite of this type of sampling. Basic random sampling, 

stratified collection, group sampling, and sampling with multiple stages are the main forms of this kind of sample. Convenience 

samples are typically required for non-random sampling techniques (BYJVU’s, 2023). 

Yamane aims to determine the appropriate sample size for academic officers' references. The sample size determination involves 

a documentary research approach, utilizing calculation formulas, tables, comparisons, and the GPower computer program. The 

process considers variable types, measurement scales, Type I error (Alpha), Type II error (Beta), Power of Test, and Effect Size 

to derive an optimal sample size for the research, ensuring statistical reliability and precision in the investigation of academic 

officers' references (Chaokromthong & Sintao, 2021) The formula gave it: 

𝑛 ≥
𝑁

1 + 𝑁𝑒2
 

Where n represents the minimum sample size and N is the population size. The level of significance, e, that was used in this 

study was 0.05.  

In this study, the population size (N) is 24785, hence e = 0.05, sample size is computed is 

𝑛 ≥  
24785

1 + 24785 (0.05)2
 

𝑛 ≥ 393.65 

𝑛 ≥ 394 

 

Sampling Distribution 

LGUs and Civilian Community Population Sample 

A. LGU/MENRO 30 12 

B. Barangay   

Barangay Longos 6830 109 

Barangay San Antonio 11293 179 

Barangay San Juan 6662 106 

TOTAL 24785 394 

Figure 2. Sampling Distribution 

Figure 2 depicts that the total number of populations in Kalayaan, Laguna grew from 2,435 in 1903 to 24,785 in 2020. An 

increase of 22,350 over the course of 117 years (Philippine Statistics Office, 2020). 
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III.III. LOCALE OF THE STUDY 

Kalayaan, Laguna, is a third-class municipality; according to the Census, there are 24,785 populations as of 2020. Kalayaan has 

a Solid Waste Facility is in Sitio San Isidro, Barangay Longos, Kalayaan, Laguna. The site of the Sanitary Landfill has an area 

of 1.20 hectares. It has an elevation of 320 meters above sea level. Considered the first of its kind on the municipal level in the 

Province of Laguna, the landfill is complemented by a central Materials Recovery Facility (MRF). 

The critical issue in the municipality is insufficient funding for the maintenance of the sanitary landfill; the municipality faces 

challenges related to the availability of adequate funds required for the maintenance and proper functioning of the sanitary 

landfill. Financial constraints may impede the effective management of waste disposal. Non-compliance on the part of the 

barangay about the R.A. 9003. Non-compliance with the regulations and requirements outlined in the Republic Act 9003 

(Ecological Solid Waste Management Act of 2000), is a significant issue. Adherence to this act is crucial for effective solid waste 

management. Refrain from paying for the 'garbage fee' on the part of the community residents and limited awareness of the solid 

waste management ordinances on the part of the community residents. A notable issue is the reluctance or refusal of community 

residents to pay the designated 'garbage fee.' This lack of participation may impact the funding needed for waste management 

initiatives and overall environmental sustainability. Figure 3 presents the map of Kalayaan, Laguna (The Official Website of the 

Municipality of Kalayaan, Laguna, 2012).                      

Figure 3. Map of Kalayaan, Laguna 

III.IV. SCOPE AND LIMITATION OF THE STUDY 

This research study presents a targeted examination of the solid waste management program in the Municipality of Kalayaan, 

Laguna, to enhance its efficiency and environmental sustainability. Focusing on this geographic area is essential to gain a 

nuanced understanding of the local waste management strategies and their impact on the community and ecosystem. By engaging 

with two critical stakeholder groups—municipal officials and community residents—the study ensures a comprehensive and 

diverse perspective, contributing valuable insights to optimize waste management practices and foster a cleaner, greener, and 

healthier living environment. 

Despite the time constraint of one academic semester, this study’s duration is meticulously designed to accommodate an 

extensive analysis of the program’s effectiveness. The research aims to provide actionable recommendations by systematically 

evaluating its strengths and weaknesses, empowering decision-makers to refine waste management strategies. While financial 

resources are constrained, the research team remains committed to maximizing the utility of available funds, prioritizing data 

accuracy and depth in the pursuit of impactful findings. Even amidst logistical challenges, collaborating with municipal officials 

and community residents underscores the study’s dedication to inclusivity and people-driven insights, essential for meaningful 

advancements in waste management practices. In summation, this research is poised to illuminate successful aspects of waste 

management initiatives and serve as a catalyst for future sustainable practices within the Municipality of Kalayaan, Laguna. 

III.V. DATA GATHERING TOOLS 

A 4-point Likert Scale questionnaire checklist was utilized to address the research problems. Documentary analysis and informal 

interviews complemented the primary instrument. 

The primary data collection instrument for this study was a survey-type questionnaire. The questionnaire was administered to 

the respondents and collected later for record-keeping. The survey questionnaire consisted of two sections. The first section 

contained items related to the perceived extent of implementation of the Municipal Officials in the solid waste management 

program, specifically focusing on the Segregation of waste, Collection, and transport of waste, as well as Prohibited acts, fines, 

http://www.ijsssr.com/


                                           [Vol-2, Issue-2, July-September 2024] 

International Journal of Science and Social Science Research [IJSSSR]                                     ISSN: 2583-7877 

www.ijsssr.com                                                                                                                                                                Page  183  

and penalties. The second section examined the significant differences in the perceived extent of implementation between 

Municipal Officials and the Community regarding the Solid Waste Management Program. 

Respondents needed to mark or, if necessary, indicate their answers for the corresponding items. 

To establish the validity of the questionnaire's content, it was aligned with the research problems. The validity of the 

questionnaire was affirmed by presenting it to a panel of examiners during the research proposal defense. 

III.VI. DATA GATHERING PROCEDURE 

The study utilized questionnaires and document analysis to gather pertinent data. The researcher drafted a communication letter 

to initiate the study, which was endorsed by the Dean of the graduate study and subsequently approved by the municipal mayor 

of the Municipality of Kalayaan, Laguna. 

Once the necessary permissions were obtained, the researcher commenced the preparation of the questionnaires. Additional 

information was gathered through further interviews with the respondents. The questionnaires were personally distributed and, 

upon completion, collected from the respondents. The data obtained from the questionnaires were tallied, analyzed, and 

interpreted. 

III.VII. STATISTICAL TREATMENT OF DATA 

The interpretation and analysis of the data were gathered, aided by the 4-point Likert Scale presented as follows (Khalia, 2002): 

Scale  Range       Descriptive  Equivalent 

 4  3.26 - 4.00     Very Much Implemented (VMI)   

 3  2.41 - 3.25   Implemented (I)      

 2  1.76 - 2.40   Moderately Implemented (MI)   

 1  1.00 - 1.75   Not Implemented (NI) 

Scale            Range           Descriptive Equivalent 

 4  3.26 - 4.00     Most Serious (MS) 

 3  2.41 - 3.25   Serious (S)  

2  1.76 - 2.40   Less Serious (LS) 

 1  1.00 - 1.75   Not Serious (NS) 

To answer the problems posed, the following statistical tools were used: Mean and standard deviation were utilized to determine 

the effectiveness of the implementation of solid waste management in terms of segregation of waste, collection and transport of 

waste, and prohibited acts, fines, and penalties. 

Formula for Sample Mean:   

𝑥=
∑𝑥

𝑁
 

Wherein: 

 𝑥 = just stands for the “sample mean” 

∑ = mean “add up” 

X = “all of the x-values” 

N = means “the number of items in the sample” 

 

Mean and standard deviation were utilized to determine the level of implementation of the solid waste management system. 

Formula for Standard Deviation: 

 

𝑆 = √
∑(𝑋 − 𝑥)2

𝑛 − 1
 

Wherein: 
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S/SD = Standard Deviation 

∑       = means “add up” 

N        = mean “the number of items in the sample” 

𝑥         = just stands for the “sample mean” 

 

 Standardized test statistics were used to determine the significant difference in the assessment of the implementers and 

stakeholders according to the study about the “Implementation of Solid Waste Management in the Municipality of Kalayaan, 

Laguna.” 

 

The t-test for dependent samples was applied to determine the significant difference between the perception of the municipal 

officials and the community residents. 

Formula for t-Test:  

𝑡 =
𝑥1−𝑥2

√(
𝑆𝑆1 + 𝑆𝑆2

𝑛1 + 𝑛2 − 2
) (

1
𝑛1

+
1

𝑛2
)

 

 

Wherein:  

t   = the t test 

x1−    =  the mean of group 1 

x2−   =  the mean of group 2 

 𝑆𝑆1   =  the sum of squares of group 1 

 𝑆𝑆2   =  the sum of squares of group 2  

  𝑛1     =  the number of observation in group 1 

  𝑛2  =  the number of observation in group 2 

Decision Rule 

To determine if there is a significant difference, the following scales will be used: Specify the scales or statistical tests that will 

be employed in the study. 

 0.050-below  SIGNIFICANT 

 0.051-above  NOT SIGNIFICANT 

III.VIII. ETHICAL CONSIDERATIONS 

While conducting this research, we meticulously integrated ethical considerations to safeguard the rights and well-being of all 

participants involved. To commence, a comprehensive informed consent form was employed, meticulously detailing the 

objectives, potential risks and benefits, confidentiality measures, and the voluntary nature of participation. The consent form was 

presented clearly and understandably, allowing participants to make informed decisions regarding their involvement in the study. 

This measure ensured that ethical principles of respect for autonomy and informed consent were upheld. 

Addressing the potential scenario of unwilling participants, great care was taken to respect individual autonomy and avoid any 

form of coercion or undue influence. Unwilling participants were fully respected in their decision not to participate, and no 

adverse consequences were imposed upon them. Alternative avenues were explored to engage willing participants, ensuring that 

no discomfort or harm resulted from the non-participation of any individuals. 

In the process of gathering data through questionnaires and interviews, ethical considerations were paramount. The questions 

were carefully designed to be respectful and non-intrusive, steering clear of sensitive or potentially harmful topics. Participants 

were explicitly informed of their right to skip questions they felt uncomfortable answering, promoting a sense of agency and 

comfort throughout the data collection process. Moreover, measures were implemented to maintain participant anonymity and 

confidentiality, reinforcing trust and upholding ethical standards in data gathering. 

Moreover, the research made a concerted effort to involve diverse segments of the population, including minors, women, senior 

citizens, persons deprived of liberty, persons with disabilities, and other sectors. For minors, parental consent was meticulously 
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obtained, coupled with the assent of the minors themselves. The involvement of vulnerable populations entailed implementing 

additional safeguards to ensure informed consent and mitigate any potential power imbalances. Accessible formats and 

appropriate accommodations were provided to enable the participation of persons with disabilities, exemplifying an inclusive 

approach to research ethics. Additionally, a keen sensitivity to cultural and social contexts was maintained, respecting all 

participants' unique rights and dignity, especially those belonging to underrepresented or marginalized groups. 

These ethical considerations were not merely formalities but integral aspects of the research process, upholding fundamental 

ethical principles such as respect, beneficence, justice, and autonomy. By adhering to these ethical guidelines, we strived to 

conduct meaningful and ethical research with the utmost regard for the welfare and rights of all participants involved. 

III.IX. DISSEMINATION OF THE RESEARCH OUTCOME 

After the research was concluded, an inclusive dissemination plan was devised, incorporating strategies such as presentations in 

esteemed forums and informative letters outlining key findings, all directed towards reaching the intended recipients. The 

primary beneficiaries, considering the study's significance, were at the forefront of this dissemination strategy, informing the 

subsequent design of an intervention program to address their specific needs. 

IV. TABLES AND FIGURES 

Table 1. Extent of Effectiveness of Implementation of Solid Waste Management along various Parameters 

Effectiveness of Implementation of Solid Waste Management 
Med Int 

1.1 Segregation of Wastes 

1. Presence of separate container for each type of wastes.  3.69 VMI 

2. For bulky waste, it will suffice that the same be collected and placed in a separate container and in 

designated areas.  
3.02 MI 

3. The solid waste container depending on its use was properly marked or identified for on-site 

collection as “compostable,” “recyclable” or “special waste.”  
3.61 VMI 

4. Provide the residents a designated area and containers in which to accumulate source separated 

recyclable materials to be collected by the barangay or private collector. 
3.46 VMI 

5. No scavenging or unauthorized collection in designated segregation containers or areas allowed. 
3.59 VMI 

1.2 Collection and Transport of Wastes   

1. All collectors and other personnel directly dealing with collection of solid waste are equipped with 

personal protective equipment. 
3.16 MI 

2. The City or Municipal Health officer provides necessary training to the collectors and personnel to 

ensure that the solid wastes are handled properly. 
3.30 VMI 

3. Collection of Solid Waste is done in a manner that prevents damage to the container and spillage or 

scattering of solid waste within the collection vicinity. 
3.32 VMI 

4. The equipment used in the collection and transportation of solid waste (or materials which have 

been separated for the purpose of recycling) was constructed, operated and maintained in such manner 

as to minimize health and safety hazards to solid waste management personnel and the public. 
3.46 VMI 

5. Vehicles were designed to consider road size, condition and capacity to ensure the safe and efficient 

collection and transport of solid wastes. 
3.46 VMI 

1.3 Prohibited Acts, Fines and Penalties   

1. Littering, throwing, dumping of waste matters in public places, such as roads, sidewalks, canals, 

esteros or parks, and establishment, or causing or permitting the same is punishable with a FINE of 

Payment in the amount not less than Three hundred pesos (P300.00) but not more than One thousand 

pesos (P1,000.00) or RENDERING OF COMMUNITY SERVICE for not less than one (1) day to not 

more than fifteen (15) days to an LGU where such prohibited acts are committed or both. 

2.46 I 

2. Open burning of solid waste is punishable with a FINE with the amount of not less than Three 

hundred pesos (P300.00) but not more than One thousand pesos (P1,000.00) or IMPRISONMENT of 

not less than one (1) day to not more than fifteen (15) days or both. 
3.22 MI 

3. Causing or permitting the collection of non-segregated or unsorted waste is punishable with a FINE 

of an the amount of not less than One thousand pesos (P1,000.00) but not more than Three thousand 
2.87 MI 
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pesos (P3,000.00) or IMPRISONMENT of not less than fifteen (15) day to not more than six (6) 

months or both.  

4. Unauthorized removal of recyclable material intended for collection by authorized persons is 

punishable with a FINE of an amount of not less than One thousand pesos (P1,000.00) but not more 

than Three thousand pesos (P3,000.00) or IMPRISONMENT of not less than fifteen (15) day to not 

more than six (6) months or both. 

2.86 MI 

5. Manufacture, distribution or use of non-environmentally acceptable packaging materials is 

punishable, for the FIRST TIME, shall pay a fine of Five hundred thousand pesos (P500,000.00) plus 

an amount not less than five percent (5%) but not more than ten percent (10%) of his net annual income 

during the previous year or the additional penalty of IMPRISONMENT of a minimum period of one 

(1) year, but not to exceed three (3) years at the discretion of the court, shall be imposed for SECOND 

OR SUBSEQUENT violations of Sec. 48 of the Act, paragraphs (9) and (10). 

3.24 VMI 

*Legend: VMI – Very Much Implemented, MI – Moderately Implemented, I – Implemented, NI – Not Implemented 

Table 1 presents the effectiveness of the solid waste management implementation in the municipality of Kalayaan, Laguna, 

regarding waste segregation, collection, and transport of solid waste, as well as the prohibited acts, fines, and penalties.  

When looking at the segregation of wastes, it shows that most of them are very much implemented by solid waste management, 

except the item “For bulky waste, it will suffice that the same be collected and placed in a separate container and in designated 

areas” which show the minor result and was labeled as “moderately implemented.” This was explained in the study by Camarillo 

and Bellotindos (2021), which indicates an average level of compliance in collecting and transporting solid wastes. Of the various 

factors provided, the highest is the presence of separate containers for each type of waste (3.69) and that the solid waste containers 

were adequately marked or identified for on-site collection, namely “compostable,” “recyclable,” and “special waste.” (3.61). 

This indicates that accessibility to properly labeled bins has an important task in  community pertaining to waste segregation. 

This is supported by the study of Otitoju and Seng (2014), indicating that nearby trash bins are an obvious incentive to the 

citizens, showing a consistent finding in the study.  

The collection and transport of waste shows that all of them are very much implemented by solid waste management, except the 

item “All collectors and other personnel directly dealing with the collection of solid waste are equipped with personal protective 

equipment.” it showcases that it is the least equivalent result that is labeled as “moderately implemented” only since some of the 

collectors and personnel who directly deal with the collection of solid waste rarely wore Personal Protective Equipment (PPE). 

Based on the findings by Salmawati et al. (2018), assigned personnel on garbage collection were not paying attention to using 

the PPE; some only wore PPE on several parts of their body, and some did not wear it at all). Of the various factors provided, 

there are two (2) highest among all. They are the equipment used in the collection and transportation of solid waste (or materials 

that have been separated for recycling) was constructed, operated, and maintained in such a manner as to minimize health and 

safety hazards to solid waste management personnel and the public (3.46) and Vehicles were designed to consider road size, 

condition, and capacity to ensure the safe and efficient collection and transport of solid wastes (3.46). This indicates that… the 

municipality has considered essential factors such as safety, convenience, and efficiency in the collection and transport of wastes. 

The study by Wu, Tao, and Yang (2020) suggested that there should be a program for the schedules of vehicle routes, which 

requires much effort to lessen the cost of transportation and collection costs, as well as the adverse effects of wastes and to 

guarantee that all citizens live in a safe and sound environment. 

The prohibited acts and penalties show that most of the items were rated as “moderately implemented” by the solid waste 

management, except for the item “Littering, throwing, dumping of waste matters in public places, such as roads, sidewalks, 

canals, esters or parks, and establishment, or causing or permitting the same is punishable with a FINE of Payment in the amount 

not less than Three hundred pesos (P300.00) but not more than One thousand pesos (P1,000.00) or RENDERING OF 

COMMUNITY SERVICE for not less than one (1) day to not more than fifteen (15) days to an LGU where such prohibited acts 

are committed or both.” in which shows the most negligible number value of result and labeled as “implemented” only. This is 

due to the lack of knowledge by the citizens on proper waste disposal in public areas). The study by Dhahir (2020) explained 

that increasing knowledge, providing correct perceptions regarding waste, establishing communication among the 

administrators, setting good examples, strict implementations of the law, supervision, environmental engineering, and providing 

facilities would help promote anti-littering campaigns. Of the various factors provided, the highest is that Manufacture, 

distribution, or use of non-environmentally acceptable packaging materials is punishable, for the FIRST TIME, shall pay a fine 

of Five hundred thousand pesos (P500,000.00) plus an amount not less than five percent (5%) but not more than ten percent 

(10%) of his net annual income during the previous year or the additional penalty of IMPRISONMENT of a minimum period of 

one (1) year, but not to exceed three (3) years at the discretion of the court, shall be imposed for SECOND OR SUBSEQUENT 

violations of Sec. 48 of the Act, paragraphs (9) and (10) (3.24). This is an indication that the citizens were highly aware that the 

use of non-environmentally acceptable packaging is prohibited in the municipality and that the assigned personnel for monitoring 

stores regarding the use of plastic were strict and actively performing in implementing such ordinance Alarzar, Briones, Canlas, 

and Magnaye (2018) supported the findings of this study and discussed that the government officials utilized proper regulation; 

monitoring, and evaluation but are still lacking in terms of the full implementation of different environmental programs to 

increase the knowledge of the citizens regarding the prohibited acts, fines, and penalties concerning solid waste management. 

Table 2. Comparison on the Perceived Level of Effectiveness of the Implementation of Solid Waste Management Between 

the LGU and Community Residents 
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Solid Waste Management Practices 

STATUS Mann-

Whitney 

Z-Value 

Test 

Statistics p-

Value 

LGU Citizen 

Med Int Med Int 

2.1 Segregation of Wastes 3.67 VMI 3.57 VMI 0.644 

 

0.520 

 

2.2 Collection and transport of solid 

waste 
3.92 VMI 3.40 VMI 2.900 0.004* 

2.3 Prohibited Acts, fines, and 

penalties 
3.83 VMI 2.78 MI 3.757 0.000* 

       *significant @ ≤ 0.05; Legend: VMI – Very Much Implemented, MI – Moderately Implemented, I – Implemented, NI – Not 

Implemented  

Table 2 compares the perceived effectiveness of the implementation of solid waste management between the LGU and 

community residents, the segregation of wastes, collection, and transport of solid waste, and prohibited acts, fines, and penalties. 

In the segregation of wastes, both LGUs (3.67) and community citizens (3.57) observed that various policies for solid waste 

management are very much implemented. This perception was influenced by the active implementation of solid waste 

management policies and environmental programs conducted by the Local Government Unit Officials of Kalayaan, Laguna. The 

Theory of Waste Management pertains to compliance, risk management, health, and the environment. Under this concept, Cooper 

explained that raising awareness among the area's residents and the legislation could be identified as preventive practices 

concerning solid waste management (Lagman-Bautista, 2020). The Mann-Whitney Z-value of 0.644 corresponds to a p-value of 

0.520, indicating that the difference is not significant.    

For the collection and transport of solid waste, the LGU (3.92) and the community citizens (3.40) also perceived this as being 

implemented. Although they seemingly observed that the implementation was very effective, some aspects from the first item 

were elaborated: "All collectors and other personnel directly dealing with the collection of solid waste are equipped with personal 

protective equipment." This was rated as moderately implemented only. The findings indicated that despite the high level of 

implementation regarding the collection and transport of solid wastes, the collectors and personnel assigned to deal with the 

collection of solid waste directly were not assured of being in a safe condition for being unequipped with PPE all the time. The 

need for safety was under the hierarchy of needs Maslow, which included the safekeeping of the body, being employed, having 

enough resources, maintaining the family's morality, and maintaining health. Moreover, to prevent the possible long-term 

consequences to the workers' health, extensive support should be provided regarding PPE socialization, and the sanitary 

department should be given to the collectors and personnel (Sarman et al., 2022). The Mann-Whitney Z-value of 2.900 

corresponds to a p-value of 0.004, indicating that the difference is significant.   

For the prohibited acts, fines, and penalties, the LGU (3.83) observed that some policies are very much implemented, and the 

community citizens (2.78) observed that some policies are moderately implemented. The Mann-Whitney Z-value of 3.757 

corresponds to a p-value of 0.000, indicating that the difference is significant.    

Table 3. Degree of Challenges Encountered in the Implementation of Policies of Ecological Solid Waste management 

along various terms. 

Challenges Encountered in the Implementation of Policies of Ecological Solid 

Waste management Med Int 

3.1 Degree of Challenges Encountered in the Segregation of Wastes 

1. Many residents are not aware of the need for waste segregation and its benefits, 

making it challenging to implement effectively. 
2.11 LS 

2. Communities may lack of access to proper education and training regarding the 

waste segregation methods. 
1.85 LS 

3. Some area may not have the facilities for proper waste segregation. 2.24 LS 

4. Communities may have limited access to recycling centers or facilities for 

separated recyclable materials. 
3.25 S 

5. Proper enforcement of waste segregation practices can be difficult due to limited 

resources and oversight. 
2.55 S 

3.2 Degree of Challenges Encountered in the Collection and Transport of Wastes   

1. The local government has lack of necessary areas for collection infrastructure, 

such as waste bins or containers, to support the efficient waste collection. 
2.35 LS 
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2. Uneven or unreliable waste collection schedules can hinder proper waste disposal 

and separation. 
2.55 S 

3. There is not enough or appropriate collection vehicles to handle the volume of 

wastes effectively. 
2.49 S 

4. Poorly planned collection routes can lead to unnecessary delays in waste pick up. 
2.32 LS 

5. Overloading of waste collection vehicles can lead to spillage and environmental 

solution. 
2.72 S 

3.3 Degree of Challenges Encountered in the Implementation of Prohibited Acts 

and Penalties 
  

1. Many residents and business may not fully aware of the prohibited acts and their 

associated penalties. 
2.57 S 

2. Some businesses and individuals might consider the costs of compliance with RA 

9003. 
2.77 S 

3. Inconsistent law enforcement of the prohibited acts leads to non-compliance, as 

business and individuals might not fear on punishment. 
2.68 S 

4. The locality has lacking on the resources and personnel to effectively monitor and 

enforce the regulations. 
2.51 S 

5. Certain cultural practices might conflict with the prohibited acts, making it 

difficult to change deeply ingrained behaviors. 
2.61 S 

*Legend: MI – Most Serious, S – Serious, LS – Less Serious, NS – Not Serious 

Table 3 presents the degree of the challenges encountered in implementing policies of solid waste management in the 

municipality of Kalayaan Laguna in terms of the challenges encountered in the segregation of wastes, collection and transport 

of wastes, and the implementation of prohibited acts and penalties.  

When looking at the degree of challenges encountered in the implementation of prohibited acts and penalties, all factors are seen 

as a serious challenge in the implementation of solid waste management. Of the various factors provided,  the biggest challenge 

presented is  that communities may have limited access to recycling centers or facilities for separated recyclable materials (3.25) 

and that some businesses and individuals might consider the costs of compliance with RA 9003 (2.77) This is an indication that 

the recycling centers or facilities are not accessible for the citizens due to their location and some citizens can provide the fines 

and penalties imposed for non-compliance with R.A. 9003. Although more than a decade had passed since the law was 

implemented, compliance and implementation at the Local Government Unit level were inadequate and challenging and was 

influenced by factors such as leadership, institutional/organization support, facilities, financial and technical capacities, and 

insufficient enforcement systems (Gamaralalage, Simon, & Kyungsun, 2015). 

Table 4.  Relationship in the Extent of Effectiveness and the Degree of Challenges on the Implementation of Solid Waste 

Management along Various Factors 

Predictor 

(Extent of 

Effectiveness) 

Response 

(Degree of Challenges) 

Spearman-rho ρ 

Coefficient Value 
Interpretation p-Value 

Segregation of Wastes 

Segregation of Wastes -0.190 Weak Relationship 0.000* 

Collection and transport of 

solid waste 
0.041 No Relationship 0.416 

Prohibited acts, fines, and 

penalties 
-0.041 No Relationship 0.421 

Collection and 

Transport of Solid 

Waste 

Segregation of Wastes 0.209 Weak Relationship 0.000* 

Collection and transport of 

solid waste 
0.174 Weak Relationship 0.001* 

Prohibited acts, fines, and 

penalties 
0.383 Moderate Relationship 0.000* 

Prohibited Acts, 

Fines, and Penalties 

Segregation of Wastes 0.034 No Relationship 0.505 

Collection and transport of 

solid waste 
0.025 No Relationship 0.626 
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Prohibited acts, fines, and 

penalties 
0.139 Weak Relationship 0.006* 

*significant @ ≤ 0.05 

Table 4 is the relationship between the extent of effectiveness and the degree of challenges on the implementation of solid waste 

management along the segregation of wastes, collection and transport of solid waste, and prohibited acts, fines, and penalties.  

Under the effectiveness of the segregation of solid waste, the challenges presented in the segregation of wastes indicate a weak 

relationship with a Spearman rho coefficient of -0.190. The p-value of 0.000, it indicates that there is no significant relationship 

between both factors. This could be due to the amounts of waste produced by every individual which is a product of consumption. 

The study conducted by Chen, Bodirsky, and Krueger (2020) revealed that the overall amount of garbage produced increases at 

a decreasing rate as economic development progresses, rising from 635 million tons in 1965 to 1999 million tons in 2015 and 

3539 million tons by 2050 (median values, middle-of-the-road scenario). The world's share of waste that is organic falls from 

47% to 39% between 2015 and 2050, while the shares of all other waste types—especially paper—increase. Recycled materials 

are being processed more sustainably, and energy recovery, composting, and recycling now account for 18% of treated trash, 

down from 28% in the past.  

Under the effectiveness of the collection and transportation of solid waste and the challenges presented in the collection and 

transport of solid waste, there is no relationship between as indicated by the Spearman rho coefficient of 0.041. The two factors 

with a p-Value of 0.000 indicates there is no significant relationship between the factors. This could be an indication of a high 

level of awareness of the citizens regarding the schedules of the collection of solid wastes within the municipality which is due 

to prior notice and strictly following the announced schedule by the collectors. The study conducted by Huang and Lin (2015), 

identified efficient routing and scheduling for collection of garbage as contributing factors on improving the service of municipal 

solid waste collection. 

Under the effectiveness of the prohibited acts and penalties, the challenges presented in the prohibited acts, fines, and penalties 

indicate a moderate relationship with a Spearman rho coefficient of 0.383. With a p-value of 0.000, it indicates that there is a 

significant relationship between both factors. This could be due to the compliance of the citizens provided that the community 

has a positive perception of the extent of the implementation of R.A. 9003 within the municipality. The study by Debrah, Vidal, 

and Dinis (2021) revealed that the practice or participation in Solid Waste Management within the community was influenced 

by positive attitudes and perceptions towards SWM. 

Intervention Program Proposed Based on The Findings of The Study 
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V. OUTCOME OF THE STUDY 

As established from the study, it shows that implementation of the ecological solid wastes resulted in highlighting some specific 

situations that struggled the stakeholder and the implementer. It pertains that most of the community residents are not fully aware 

regarding the recycling facilities and is not familiar on its existence. 

Poor recycling quality due to lack of education. Most people know that recycling is a good habit for the environment but are 

often unsure of where and what goes into the recycling bin. As a result, non-recyclable items (such liquids or plastic bags) end 

up in the recycling stream where they pollute recyclable materials and damage recycling equipment. Customers giving up and 

grabbing the trash can (Huun, 2022). 

VI. CONCLUSION 

The study reveals that implementing solid waste management policies in Kalayaan, Laguna, is generally adequate. However, 

challenges persist, particularly in the following: 

1. Despite efforts in the segregation of waste, the provision of separate containers for various waste types, particularly for 

bulky waste, appears to be poorly implemented, according to respondent feedback. The collection and placement of 

bulky waste in designated areas also need to be improved in implementation.  

2. In the collection and transportation of waste, efforts to provide personal protective equipment (PPE) to waste collectors 

need to be improved in implementation. Collection methods must improve to prevent container damage and waste 

spillage. Additionally, equipment used in collection and transportation needs better management to minimize health 

and safety risks. 

3. Despite fines and penalties for littering and dumping waste in public places, the enforcement seems inadequate, as seen 

by respondents. The enforcement of fines and community service for littering and dumping offenses needs to be 

strengthened for better compliance. 

4. The research indicates that communities often lack access to proper education and training regarding waste segregation 

methods. This represents a foundational challenge, as awareness and understanding are crucial for effective waste 

management practices. 

5. The data highlights that communities may face challenges accessing recycling centers or facilities for separated 

recyclable materials. This limitation impedes efforts to promote recycling and sustainable waste management practices, 

as residents may need more convenient avenues for disposing of recyclable materials. 

6. Overloading waste collection vehicles poses a significant risk of spillage and environmental pollution. This issue 

compromises the environment's aesthetics and contributes to health hazards and ecosystem degradation. It underscores 

the need for proper waste management infrastructure and operational guidelines to prevent such incidents. 

7. The data suggests that some businesses and individuals may consider the costs of complying with RA 9003, the 

Philippine Ecological Solid Waste Management Act. This indicates a potential barrier to full compliance with waste 

management regulations, as economic factors may influence behavior and decision-making processes. 

 

REFERENCES 

1. Abubakar, I. R., Maniruzzaman, K. M., Dano, U. L., AlShihri, F. S., AlShammari, M. S., Ahmed, S. M. S., ... & Alrawaf, 

T. I. (2022). Environmental sustainability impacts of solid waste management practices in the global South. 

International Journal of Environmental Research and Public Health, 19(19), 12717. 

2. Alarzar, D., Briones, L. M. D., Canlas, N. J. Q., & Magnaye, B. P. (2018). Environmental Practices of Batanguenos as 

Input to Model Development. 

3. Andeobu, L., Wibowo, S., & Grandhi, S. (2022). Artificial intelligence applications for sustainable solid waste 

management practices in Australia: A systematic review. Science of The Total Environment, 834, 155389. 

4. Atilano-Tang, L. A., & Ledesma, L. L. (2023). Assessment of Solid Waste Management Awareness and Practices 

among Waste Generators in the Port of Zamboanga, Philippines. Philippines (April 21, 2023). 

http://www.ijsssr.com/


                                           [Vol-2, Issue-2, July-September 2024] 

International Journal of Science and Social Science Research [IJSSSR]                                     ISSN: 2583-7877 

www.ijsssr.com                                                                                                                                                                Page  192  

5. Bloch - Lamond, J., Bhattacharya, N., & Bloch, R. (2022). The role of solid waste management as a response to urban 

flood risk in developing countries, a case study analysis. WIT Transactions on Ecology and the Environment, 159, 193-

204. 

6. BYJU, 2023. Random Sampling. Retrieved from https://byjus.com/maths/random-sampling/ 

7. Chaokromthong, K., & Sintao, N. (2021). Sample size estimation using Yamane and Cochran and Krejcie and Morgan 

and green formulas and Cohen statistical power analysis by G* Power and comparisions. Apheit International 

Journal, 10(2), 76-86. 

8. Chen, D. M. C., Bodirsky, B. L., Krueger, T., Mishra, A., & Popp, A. (2020). The world’s growing municipal solid 

waste: trends and impacts. Environmental Research Letters, 15(7), 074021. 

9. Choi, H. J. (2016). The Environmental Effectiveness of Solid Waste Management. 

10. Coracero, E. E., Gallego, R. J., Frago, K. J. M., & Gonzales, R. J. R. (2021). A long-standing problem: a review on the 

solid waste management in the Philippines. Indonesian Journal of Social and Environmental Issues (IJSEI), 2(3), 213-

220. 

11. 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), 6. 

12. Fucio, R. L., Bato, M. O., Fucio, C. L., Fucio, R. L., Bato, M. O., & Fucio, C. L. (2024). Importance of Solid Waste 

Management in Laguna University for Sustainable Development. Puissant, 5, 1137-1154. 

13. Gamaralalage, P. J. D., Simon, G., & Kyungsun, L. (2015). The Republic Act (RA) 9003 in the Philippines: Factors for 

Successful Policy Implementation. In Proceedings of the Annual Conference of Japan Society of Material Cycles and 

Waste Management The 26th Annual Conference of Japan Society of Material Cycles and Waste Management (p. 560). 

Japan Society of Material Cycles and Waste Management. 

14. Gilbert, H. (2020). Florence Nightingale's Environmental Theory and its influence on contemporary infection control. 

Volume 27, Issue Pages 626-633. Retrieved from https://www.sciencedirect.com/science/article/pii/S132276 

9620301347 

15. Hettiarachchi, H., Ryu, S., Caucci, S., & Silva, R. (2018). Municipal solid waste management in Latin America and the 

Caribbean: Issues and potential solutions from the governance perspective. Recycling, 3(2), 19. 

16. Huang, S., & Lin, P.C. (2015). Vehicle routing-scheduling for municipal waste collection system under the "Keep Trash 

off the Ground" policy. Omega-international Journal of Management Science, 55, 24-37. 

17. Lagman-Bautista, J. (2020). CRAFTING A THEORETICAL FRAMEWORK ON WASTE MANAGEMENT: A 

CASE FOR SUSTAINABLE CITIES. GEOMATE Journal, 18(68), 80-86. 

18. Le, P. G., Le, H. A., Dinh, X. T., & Nguyen, K. L. P. (2023). Development of Sustainability Assessment Criteria in 

Selection of Municipal Solid Waste Treatment Technology in Developing Countries: A Case of Ho Chi Minh City, 

Vietnam. Sustainability, 15(10), 7917. 

19. Maalouf, A., & Mavropoulos, A. (2023). Re-assessing global municipal solid waste generation. Waste Management & 

Research, 41(4), 936-947. 

20. Oandasan, S. V. P. (2023). INFLUENCING FACTORS AFFECTING THE IMPLEMENTATION OF REPUBLIC 

ACT 9003 (ECOLOGICAL SOLID WASTE MANAGEMENT ACT) IN THE PROVINCE OF LAGUNA. EPRA 

International Journal of Research and Development (IJRD), 8(6), 204-217. 

21. Otitoju, T. A., & Seng, L. (2014). Municipal solid waste management: household waste segregation in Kuching South 

City, Sarawak, Malaysia. American Journal of Engineering Research (AJER), 3(6), 82-91. 

22. Pham Phu, S. T., Hoang, M. G., & Fujiwara, T. (2018). Analyzing solid waste management practices for the hotel 

industry. Global Journal of Environmental Science and Management, 4(1), 19-30. 

23. Pongrácz, E., Phillips, P. S., & Keiski, R. L. (2020). Evolving the Theory of Waste Management: defining key 

concepts. WIT Transactions on Ecology and the Environment, 78. 

24. Sarman, F. K., Doke, S., & Ndoen, H. I. (2022). Description of the Behavior of using Personal Protective Equipment 

and Personal Hygiene on Workers who Transport Waste. Journal of Health and Behavioral Science, 4(2), 268-284. 

25. Unira, H., Macabales, P. C., & Incomio, A. G. (2023). A Feasibility Study on Garbage Collection using Vehicle Routing 

Problem Technique. Ani: Letran Calamba Research Report, 19(1), 1-1. 

26. Valderrama, A. L. (2020). Proposal for 10-year solid Waste Management Plan (SWMP) of Rizal, Laguna for the year 

2020-2030. 

27. Wang, H., Bi, N., Saito, Y., Wang, Y., Sun, X., Zhang, J., & Yang, Z. (2020). Recent changes in sediment delivery by 

the Huanghe (Yellow River) to the sea: causes and environmental implications in its estuary. Journal of 

Hydrology, 391(3-4), 302-313. 

28. Wu, H., Tao, F., & Yang, B. (2020). Optimization of vehicle routing for waste collection and transportation. 

International Journal of Environmental Research and Public Health, 17(14), 4963. 

29. Wynne, A. L., Nieves, P. M., Vulava, V. M., Qirko, H. N., & Callahan, T. J. (2018). A community-based approach to 

solid waste management for riverine and coastal resource sustainability in the Philippines. Ocean & Coastal 

Management, 151, 36-44. 

30. Yamane, T. 1967. Statistics: An Introductory Analysis, 2nd Edition. New York: Harper and Row. 

http://www.ijsssr.com/
https://www.sciencedirect.com/science/article/pii/S132276


                                           [Vol-2, Issue-2, July-September 2024] 

International Journal of Science and Social Science Research [IJSSSR]                                     ISSN: 2583-7877 

www.ijsssr.com                                                                                                                                                                Page  193  

31. Zhao, S., & Onoda, H. (2022, May). Building a Sustainable Municipal Solid Waste Treatment System in Japan—A 

Critical Review. In International Conference on Environment Sciences and Renewable Energy (pp. 85-107). Singapore: 

Springer Nature Singapore. 

http://www.ijsssr.com/

