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Abstract
Globally, solid waste management (SWM) remains a significant environmental concern, and solid waste production has increased due to rapid urbanisation and population growth, making effective waste management systems essential. The primary objective of the study is to identify and analyse the personal, social, physical, economic, technical, and environmental barriers to effective solid waste disposal at dumping points in Hisar city. Data were collected from 50 residents and 25 sanitation workers (including Sweepers and supervisors/nodal officers) using structured surveys. The results revealed that hazardous and electronic waste were the most difficult to manage, with time constraints (62%) and lack of awareness (20%) being major hindrances to proper segregation. Social factors, such as a lack of social responsibility (52%) and residents’ apathy (48%), also limited community engagement. Physical barriers included partial road access (58%) and limited space for composting (56%), while economic challenges like time limitations (46%) and lack of knowledge on recycling (22%) reduced participation in waste reduction practices. Sweepers reported issues like social stigma, low wages, and occupational health risks, while supervisors highlighted inadequate infrastructure and harsh working conditions. Statistical analysis showed significant associations between waste disposal barriers and variables such as family size, gender, and media exposure. The study concludes that a multidimensional approach involving awareness, infrastructure, community participation, and worker support is essential to overcome the barriers to effective urban waste management.
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Introduction
Globally, solid waste management (SWM) continues to be a major environmental concern, especially in developing countries' fast urbanising cities (Sesay and Fang, 2025; Zhang et al., 2024). One of the most important urban and rural issues facing the world today is solid waste management (SWM), especially in low- and middle-income nations where inadequate infrastructure and governance make it difficult to dispose of waste effectively (Wilson et al., 2012). Solid waste production has increased due to rapid urbanisation and population growth, making effective waste management systems necessary (Lohani et al., 2025). Municipal solid waste (MSW) management frameworks are less effective as a result of the major disruptions to waste generation dynamics and characteristics caused by urbanisation, industrialisation, unplanned urban expansion, and rural migration (Hamdan et al., 2025). Human faeces disposed of in the trash, hazardous waste, medical waste, disaster waste, and general household waste, like food scraps, ash, and packaging materials, are examples of solid waste. Solid waste comprises both organic and inorganic fractions, including product packaging, grass clippings, furniture, clothing, bottles, kitchen refuse, paper, appliances, etc., in varying proportions depending on several factors (Bhushan & Giri, 2023). Plastic water bottles, packaging from other emergency supplies and other waste from relief efforts, rubble from the disaster, mud and slurry left behind by the disaster, fallen trees and rocks that impede transportation and communications, and other items are examples of disaster waste (WHO, 2019). Improper management of municipal solid waste can lead to environmental contamination and trigger outbreaks of vector-borne diseases (Tochukwu et al., 2023).
[bookmark: bbib5]As the world's most populous country, accounting for 17.5% of the world's population (Malav et al. 2020), India produces 160038.9 tonnes of solid waste per day (TPD) of SW, of which 152749.5 TPD are collected at a collection efficiency of 95.4%, 50% of the waste is treated, and 18.4% is landfilled (Mondal and Mandal, 2023). According to Ramachandra et al. (2017), 31.7% of the total waste produced is still unaccounted for. Additionally, the nation produces roughly 0.15 million tonnes of MSW daily, of which 0.14 million tonnes, or 90%, are collected (Malav et al. 2020). Only 20% (27,000 tonnes per day) of the collected MSW is treated, with the remaining 80% (0.11 million tonnes per day) going untreated or being disposed of in an unscientific manner (Malav et al. 2020; Annual Report 2020-21).
Modern waste streams cannot be managed by the current system, which relies on open dumping, burning, and limited recycling (Choi et al. 2022; Gautam et al. 2024). Similar to how solid waste management was handled in antiquity, the government now takes a number of measures to manage solid waste. To make India cleaner and more sustainable, Prime Minister Narendra Modi has spearheaded the introduction of several important solid waste management programs. These programs emphasise recycling, community involvement, scientific waste management, and converting waste into resources (Swachh Bharat Mission (SBM), Urban & Rural Ministry of Housing and Urban Affairs, 2021). Through door-to-door collection, 100% source segregation, and the clean-up of former dump sites, SBM Urban 2.0 seeks to make all cities "Garbage-Free" by 2026. SBM Gramin Phase II: Composting, plastic waste processing, and greywater management are used to manage solid and liquid waste in rural areas and to maintain ODF (Open Defecation Free) status. 
In this study, we examine how Hisar's grassroots viewpoints, when placed within the larger framework of citizen-led solid waste innovations, highlight disposal obstacles that top-down systems frequently ignore. In order to demonstrate how co-created models can improve municipal readiness, advance waste equity, and incorporate informal actors into formal waste management frameworks, we will look at how local actors identify crucial bottlenecks such as awareness gaps, logistical inconsistencies, and social stigma.
Methods
The study was conducted in Hisar city with the specific aim of supporting a city-wide cleanliness drive to improve urban hygiene and public aesthetics. The location was purposively selected due to the researcher’s personal familiarity with the area, which enabled easier access and effective implementation. The research was structured in two phases. In Phase I, 28 major dumping points were selected out of 43 identified locations using GIS technology to focus on the most critical areas. Phase II involved purposive sampling of 25 municipal employees—including sweepers, supervisors, and nodal officers—from the five most affected zones, in order to explore their real-life challenges in waste disposal.
Additionally, 50 residents (10 from each of the five selected areas) were randomly selected, bringing the total number of respondents to 75. These participants provided insights into the perceived problems and barriers related to solid waste disposal in their neighbourhoods. The study used a bottom-up approach to ensure inclusion of diverse perspectives from grassroots workers to senior officials. A well-structured data collection tool was used, and the responses were processed through classification, coding, and tabulation. Statistical techniques such as frequency distribution, weighted mean score (WMS), chi-square test, and correlation analysis were employed to interpret the data and identify key patterns. The findings offered a comprehensive view of both practical and perceptual barriers to effective solid waste management in Hisar city.
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Results
Table 1. Barriers in Effective Disposal of Waste from Dumping Points: Personal Barrier 
	S.
No.
	Variables
	Category
	Response 
(n=50)

	1.
	Waste difficult to manage
	Electronic waste (e-waste)
	19 (38.0)

	
	
	Hazardous materials
	26 (52.0)

	
	
	Heavy/Bulky 
	5 (10.0)

	2.
	Unable to dispose of waste effectively
	Often
	12 (24.0)

	
	
	Sometimes
	35 (70.0)

	
	
	Never
	3 (6.0)

	3.
	Prevents separating waste
	Lack of awareness
	10 (20.0)

	
	
	Lack of time
	31 (62.0)

	
	
	Unwillingness
	9 (18.0)


Table 1 provides specific information about personal barriers to effective disposal of waste from dumping points were explored among 50 respondents. The majority (52%) reported that hazardous materials were the most difficult to manage, followed by electronic waste (38%) and bulky or heavy items (10%). When asked about their ability to effectively dispose of waste, 70% said they were sometimes unable to do so, while 24% often faced difficulties, and only 6% never experienced such problems. The main reasons hindering waste segregation included lack of time (62%), lack of awareness (20%), and reluctance (18%).
Table 2. Barriers in Effective Disposal of Waste from Dumping Points: Social Barrier 
	S.
No.
	Variables
	Category
	Response 
(n=50)

	1.
	Primary obstacle to effective waste management
	Lack of social responsibility
	26 (52.0)

	
	
	Indifference of residents
	24 (48.0)

	2.
	Imitative behaviour/Cleanliness spirit
	Always
	10 (20.0)

	
	
	Sometimes
	32 (64.0)

	
	
	Never
	8 (16.0)



Table 2 depicts that social barriers influencing waste disposal at dumping points were examined among 50 participants. More than half of the respondents (52%) cited lack of social responsibility as the main obstacle to effective waste management, while 48% pointed to residents' apathy. Regarding the influence of exemplary behaviour or community spirit towards cleanliness, 64% observed it sometimes, 20% always, and 16% never experienced such motivation.
Table 3. Barriers in Effective Disposal of Waste from Dumping Points: Physical Barrier
	S.
No.
	Variables
	Category
	Response
(n=50)

	1.
	Accessible roads for 
garbage vehicles
	Yes, fully accessible
	21 (42.0)

	
	
	Partially Accessible
	29 (58.0)

	2.
	Difficulty in making compost
	Limited outdoor or storage space
	28 (56.0)

	
	
	Lack of composting awareness programs
	15 (30.0)

	
	
	Absence of organic waste
	7 (14.0)

	3.
	Participation of residents in 
community-led waste 
management initiatives
	Limited trust in community leadership 
or collaboration
	31 (62.0)

	
	
	Lack of knowledge about the benefits
	19 (38.0)



Data presented in Table 3 indicate that several physical barriers to effective waste disposal from dumping points were identified among the 50 respondents. While 58% reported only partial road access for garbage vehicles, 42% found roads fully accessible. Composting efforts were hindered mainly by limited outdoor or storage space (56%), lack of awareness programmes (30%) and lack of organic waste (14%). In addition, community participation in waste management initiatives was affected by limited trust in community leadership (62%) and lack of information about its benefits (38%).
Table 4. Barriers in Effective Disposal of Waste from Dumping Points: Economic Barrier 
	S.
No.
	Variables
	Category
	Response 
(n=50)

	1.
	Participation in recycling programs
	Time constraints
	23 (46.0)

	
	
	High cost of recycling bins or facilities
	6 (12.0)

	
	
	Limited knowledge of recycling benefits
	11 (22.0)

	
	
	Absence of government campaigns
	10 (20.0)

	2.
	Affordable waste disposal service
	Yes, always
	50 (100)

	3.
	Respondents engaged in best out of waste
	Reuse of Poly bags
	21 (42.0)

	
	
	Reuse of e-waste
	7 (14.0)

	
	
	Reuse of old clothes 
	13 (26.0)

	
	
	Reuse of scrap
	9 (18.0)



Economic barriers to effective waste disposal were assessed among 50 respondents. Nearly half (46%) cited time constraints as a key reason for not participating in recycling programs, while others pointed to the high cost of recycling bins or facilities (12%), limited knowledge of recycling benefits (22%), and absence of government campaigns (20%). Encouragingly, all respondents (100%) stated that waste disposal services were affordable. Regarding waste reuse practices, 42% reused poly bags, 26% reused old clothes, 18% reused scrap materials, and 14% engaged in the reuse of e-waste, as shown in Table 4.
Table 5. Barriers in Effective Disposal of Waste from Dumping Points of Sweepers and Supervisors/Nodal officers: Social barriers 
	S.
No.
	Variables
	Category
	Response
(n=17)
	Response
(n=8)

	1.
	Major barriers faced by sweepers, supervisors/Nodal officers in society
	Lack of employment opportunities
	9 (52.9)
	2 (25.0)

	
	
	Social stigma and discrimination
	5 (29.4)
	6 (75.0)

	
	
	Access to education
	3 (17.6)
	-

	2.
	Most significant factor contributing to social Stigma
	Low educational qualifications
	3 (17.6)
	4 (50.0)

	
	
	Nature of work involving waste handling
	5 (29.4)
	-

	
	
	Economic status
	2 (11.7)
	2 (25.0)

	
	
	Traditional caste hierarchies
	7 (41.1)
	2 (25.0)



Table 5 depicts that social barriers faced by 17 Sweepers and 8 supervisors/nodal officers in waste management roles were explored. Among Sweepers, the main challenge identified was lack of employment opportunities (52.9%), followed by social stigma and discrimination (29.4%) and limited access to education (17.6%). In contrast, 75% of supervisors/nodal officers cited social stigma and discrimination as the major barrier, while 25% mentioned lack of employment opportunities. Regarding the root causes of social stigma, Sweepers cited traditional caste hierarchy (41.1%) and nature of waste-related work (29.4%) as major contributors, while supervisors/nodal officers identified low educational qualifications (50%) and economic status (25%) as important factors.
Table 6. Barriers in Effective Disposal of Waste from Dumping Points of Sweepers and Supervisors/Nodal officers: Physical barriers 
	S.
No.
	Variables
	Category
	Response 
(n=17)
	Response
(n=8)

	1.
	Major barriers faced during waste disposal
	Inaccessible roads
	12 (70.6)
	5 (62.5)

	
	
	Lack of awareness
	5 (29.4)
	3 (37.5)

	2.
	Health risks due to improper waste disposal practices
	Exposure to infectious diseases
	5 (29.4)
	3 (37.5)

	
	
	Respiratory issues
	12 (70.6)
	5 (62.5)

	3.
	Physical conditions make waste disposal difficult for sweepers
	Exposure to extreme weather conditions
	11 (64.7)
	6 (75.0)

	
	
	Proper handling of waste
	2 (11.7)
	2 (25.0)

	
	
	Musculoskeletal disorders from repetitive lifting
	4 (23.5)
	-

	4.
	Long-term ill health factors
	Asthma 
	4 (23.5)
	3 (37.5)

	
	
	Dermatological issues
	13 (76.5)
	5 (62.5)



Table 6 provides specific information about physical barriers faced by 17 Safai Karamcharis and 8 supervisors/nodal officers during waste disposal operations. A major challenge was inaccessible roads, which affected 70.6% Safai Karamcharis and 62.5% supervisors. Additionally, lack of awareness hindered the work of 29.4% Safai Karamcharis and 37.5% supervisors. Health risks due to improper disposal were significant, with respiratory problems reported by 70.6% Safai Karamcharis and 62.5% supervisors, while exposure to infectious diseases was observed in a smaller proportion. Harsh working conditions also created difficulties: extreme weather affected 64.7% Safai Karamcharis and 75% supervisors, while musculoskeletal disorders from repetitive weight lifting were observed by 23.5% Safai Karamcharis.
Table 7. Barriers in Effective Disposal of Waste from Dumping Points of Sweepers and Supervisors/Nodal officers: Economic barriers 
	S.
No.
	Variables
	Category
	Response
(n=17)
	Response
(n=8)

	1.
	Challenge for waste  disposal worker
	Low wages compared to other manual labour
	10 (58.8)
	5 (62.5)

	
	
	Lack of job security
	3 (17.6)
	-

	
	
	Minimal social security benefits
	2 (11.8)
	-

	
	
	Lack of Government subsidies
	2 (11.8)
	3 (37.5)

	2.
	Lack of facilities
	Low wages
	6 (35.3)
	3 (37.5)

	
	
	Cost of resources
	11 (64.7)
	5 (62.5)



Data presented in Table 7 indicates that the survey highlighted several economic challenges faced by 17 Sweepers and 8 Supervisors/Nodal Officers. The most common issue was low wages compared to other manual labour, affecting 58.8% of Sweepers and 62.5% of Supervisors. Other concerns included lack of job security (17.6%) and minimal social security benefits (11.8%) among Sweepers, while 37.5% of Supervisors cited lack of government subsidies as a barrier. Additionally, the cost of resources emerged as a major barrier for both groups, noted by 64.7% of Sweepers and 62.5% of Supervisors, followed by limited access to facilities due to low wages (35.3% and 37.5%, respectively).
Table 8. Barriers in Effective Disposal of Waste from Dumping Points of Sweepers and Supervisors/Nodal officers: Technical and Environmental barriers 
	S.
No.
	Variables
	Category
	Response
(n=17)
	Response (n=8)

	1.
	Issues with overflowing garbage at the dumping points
	Agree
	12 (70.6)
	-

	
	
	Neutral
	3 (17.6)
	2 (25.0)

	
	
	Disagree
	2 (11.8)
	6 (75.0)

	2.
	Easily accessible of dumping point for waste collection vehicles
	Agree
	8 (47.1)
	8 (100)

	
	
	Neutral
	2 (11.8)
	-

	
	
	Disagree
	7 (41.2)
	-

	3.
	Lack of proper tools (e.g., gloves, tongs, etc.) for handling waste at the dumping point
	Agree
	5 (29.4)
	-

	
	
	Disagree
	12 (70.5)
	8 (100)

	4.
	Insufficient facilities (e.g., lack of bins, proper storage) at the dumping points
	Agree
	12 (70.5)
	8 (100)

	
	
	Neutral
	2 (11.7)
	-

	
	
	Disagree
	3 (17.6)
	-

	5.
	Weather conditions (e.g., rain, heat)
frequently affect the work at dumping points
	Agree
	17 (100)
	8 (100)

	6.
	Environmental impact of improper waste Disposal
	Agree
	6 (35.2)
	8 (100)

	
	
	Neutral
	6 (35.2)
	-

	
	
	Disagree
	5 (29.4)
	-



Technical and environmental barriers were evaluated among 17 sweepers and 8 supervisors/nodal officers. A majority of sweepers (70.6%) agreed that overflowing garbage at dumping points was a major issue, while 75% of supervisors disagreed. Regarding dumping point accessibility for waste collection vehicles, 47.1% of sweepers agreed, whereas all supervisors (100%) found the access adequate. When asked about the availability of proper handling tools, most sweepers (70.5%) and all supervisors (100%) disagreed that tools were lacking, indicating proper provision. However, insufficient facilities, such as bins and storage, were a concern for 70.5% of sweepers and all supervisors (100%). Weather conditions like rain and heat negatively impacted work for 100% of both groups. Lastly, while all supervisors (100%) acknowledged the environmental impact of improper waste disposal, only 35.2% of sweepers agreed, with an equal proportion remaining neutral and 29.4% disagreeing, as shown in Table 8.
Table 9. Association of Barriers in Effective Disposal with Mass Media Exposure
                                                                                                                                             N=75
	Questions related to awareness
	Mass media variable exposure
(Chi square χ²)

	
	Television
	Print media
	Internet and 
social media

	Hindrance in separating recyclable and non-recyclable waste
	0.352
	0.316
	0.691

	Most significant barrier to proper waste disposal
	0.853
	0.872
	0.035*

	Accessibility of waste disposal facility
	0.995
	0.921
	0.398

	Difficulty in composting in urban apartments
	0.278
	0.966
	0.307

	Residents hesitate to participate in community leading initiatives
	0.944
	0.032*
	0.568

	Economic factor discourages to participate in community leading activities
	0.018*
	0.437
	0.726

	Economic barrier affects low-income households in waste disposal
	0.0281*
	0.859
	0.124


*Correlation is significant 
Table 9 depicts that significant associations were found in several areas. Television exposure was significantly associated with perceptions of how economic factors discourage participation in community-led activities (p = 0.018*) and how economic barriers affect low-income households (p = 0.0281*). Print media exposure showed a significant association with residents’ hesitancy to get involved in community initiatives (p = 0.032*). Meanwhile, internet and social media exposure were significantly associated with identifying the most important barrier to proper waste disposal (p = 0.035). Other variables showed no significant associations across media types.


Table 10. Association of barriers in effective disposal with demographic variables						                N=75
	Barriers
	Chi square (χ²)

	
	Age
	Gender
	Marital
status
	Family type
	Family size
	Respondent’s
education
	Total family
income
	Occupation

	Residents hesitate to participate in community leading initiatives
	0.395
	0.824
	1.00
	0.592
	0.031*
	0.147
	0.457
	0.985

	Economic factor discourages to participate in community leading activities
	0.838
	0.033*
	0.283
	0.463
	0.038*
	0.699
	0.214
	0.423

	Economic barrier affects low-income households in waste disposal
	0.521
	0.924
	0.641
	0.147
	0.431
	0.876
	0.888
	0.810

	Hindrance in separating recyclable and non-recyclable waste
	0.118
	0.200
	0.715
	0.739
	0.114
	0.972
	0.237
	0.198

	Primary obstacle to effective waste management
	0.204
	0.252
	1.00
	0.033*
	0.049*
	0.106
	0.561
	0.643

	Accessibility of waste disposal facility
	0.305
	1.00
	0.643
	0.598
	0.186
	0.265
	0.286
	0.604

	Difficulty in composting in urban apartments
	0.599
	0.538
	0.451
	0.717
	0.968
	0.807
	0.639
	0.680


*Correlation is significant 
Table 10 provides specific information about the association between various barriers to effective waste disposal. The demographic variables were examined using the Chi-square (χ²) test. The results indicated that family size had a significant association with residents' hesitation to participate in community-led initiatives (p = 0.031*), suggesting that larger families may be more hesitant. Similarly, gender (p = 0.033*) and family size (p = 0.038*) were significantly associated with the perception that economic factors discourage participation in community activities, highlighting possible gender and household size-based differences. Furthermore, family type (p = 0.033*) and family size (p = 0.049*) were significantly related to identifying the primary obstacle to effective waste management. No other significant associations were found between barriers and variables like age, marital status, education, income, or occupation.
Discussion
The study revealed multiple barriers—personal, social, physical, economic, technical, and environmental—that hinder effective waste disposal among community residents, sanitation workers, and supervisors. Hazardous waste was reported as the most difficult to manage by 52% of respondents, followed by electronic waste (38%) and bulky items (10%). A significant 70% admitted they were sometimes unable to dispose of waste properly, while 24% often faced such difficulties. Key reasons included time constraints (62%), lack of awareness (20%), and personal reluctance (18%). Socially, 52% pointed to a lack of social responsibility and 48% to resident apathy. While 64% occasionally observed community spirit, only 20% always noticed it, and 16% never did.
Physical barriers, such as partial road access for garbage vehicles, were reported by 58% of respondents. Composting was restricted due to a lack of outdoor space (56%), insufficient awareness programs (30%), and limited organic waste (14%). Distrust in community leadership was high (62%), and 38% were unaware of community waste management benefits. On the economic front, 46% cited time constraints for not recycling, while 22% lacked knowledge, 20% noted the absence of government campaigns, and 12% faced cost barriers—though all respondents found current services affordable. Reuse practices included poly bags (42%), old clothes (26%), scrap (18%), and e-waste (14%).
Sweepers (n=17) and supervisors (n=8) faced occupational and health challenges. Among sweepers, 52.9% reported a lack of employment opportunities, 29.4% experienced social stigma, and 17.6% lacked education. For supervisors, 75% reported stigma and 25% lack of employment. Physical issues like inaccessible roads were reported by 70.6% of sweepers and 62.5% of supervisors. Respiratory problems affected 70.6% of sweepers and 62.5% of supervisors; musculoskeletal issues affected 23.5%. Media exposure significantly influenced awareness—TV exposure was linked to perceptions of economic constraints (p = 0.018*), and print media to community engagement hesitance (p = 0.032*). Demographic factors like family size (p = 0.031*), gender (p = 0.033*), and family type (p = 0.033*) were also significantly associated with barrier perception and participation levels.
Conclusion
This study underscores the complex interplay of personal, social, physical, economic, technical, and environmental factors that hinder effective waste disposal in urban settings. While affordability of services is not a widespread issue, major barriers include time constraints, lack of awareness, social indifference, infrastructural inadequacies, and occupational challenges faced by sanitation workers. The statistically significant associations between media exposure and awareness, and between family structure and participation attitudes, suggest that tailored interventions can have a meaningful impact in waste management practices. Enhancing public awareness through mass media, promoting community responsibility, improving infrastructure, and dignifying sanitation work through policy and education are essential for sustainable waste management. A multi-level approach involving residents, community leaders, and government bodies is crucial. Only through integrated efforts, we can address the root causes of ineffective waste disposal and foster a cleaner, healthier urban environment.
Recommendations
Based on the findings of the study, the following recommendations are proposed to address the multiple barriers to effective waste disposal:
· Increase Public Awareness and Education
· Strengthen Community Participation
· Improve Infrastructure and Accessibility
· Support Sweepers and Sanitation Workers
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