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Abstract
Waste management in the developing nation is becoming a serious environmental and health issues especially in terms of disposal methods and practices in which few studies have reported in the literature. However, the present study assessed the characteristics, disposal methods and practices of wastes in the Capital Cities of Central Niger Delta, Nigeria. Four hundred copies of structured questionnaire were administered randomly to the residents of the study area in order to elicit information about the subject matter. Descriptive and inferential statistics were employed for the data analysis. Findings showed that 26–35 years age group constituted the largest portion of respondents (31.5%), the largest occupational groups were business/self-employed (24.7%) and most of the respondents had tertiary education (40.8%). Findings showed that in urban areas, the volume of non-biodegradable wastes included wastes types such as plastics, e-waste, and construction debris with their sources from households, markets, commercial hubs, and healthcare institutions while the peri-urban exhibited higher volumes of biodegradable waste, including food residue, agricultural litter, and animal droppings mainly generated from households, farms, and local markets. However, findings showed that the most frequently reported method of waste disposal is burning, with 25.2% indicating this as their primary method; followed by using large black polythene bags is the second most popular technique (22.7%), use of any polythene bags (18.9%) while use of commercial waste bins/drums only (10.1%), and only 4.5% engaged in recycling, and 6.0% in composting. There are statistically significant differences in waste disposal practices among respondents across the three states for all listed disposal methods (p < 0.05). It is concluded that the waste characteristics varied significantly between urban and peri-urban/rural ones, but the overall picture details a hazardous and unsustainable sanitation situation with volume of non-biodegradable wastes which included plastics, e-waste, and construction debris. In addition, the most frequently reported methods of waste disposal is burning which emits toxic chemicals, degrades the quality of air, and raises people's risks of contracting respiratory infections; and using of large black polythene bags for dumping waste in a random manner, and causing blocked drains and street litter. The study therefore recommended among others that there is need to establish a decentralized waste management systems tailored to urban and rural realities in strategic places in the Niger Delta. This should include formal composting for organic waste, localized recycling hubs for plastics and e-wastes, and community education programs to reduce unsafe disposal practices witnessed in this study, thereby improving environmental health and sustainability across the study area. 
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Introduction
“The environment can be seen as the total factors that surround and influence an organism at a given time and place. The failure of the numerous efforts to address the problem of environmental health hazards in developing nations has been attributed to various factors including unhealthy socio-cultural practices, poor environmental sanitation education and awareness, low literacy level, bad governance, disregard to the rule of law and other forms of indiscipline” (Odiana & Olorunfemi, 2021).
“The increasing rate of urbanization has exacerbated the generation of urban waste to a crisis situation. This is because more than half of the world’s population resides in urban areas or cities” (World Health Organization (WHO), 2021). United Nations Environmental Programme (UNEP) reported that “all over the world, nearly 3,000 million people live in urban areas and everyday approximately 160,000 people migrates to these urban areas” (UNEP, 2021). “In the year 2025 worldwide, urban population is expected to rise to 60 percent and it is projected that about 90 percent of this growth will occur in developing countries especially in Asia and Africa” (UNEP, 2018) and Nigeria is not an exception. 
Consequently, over the last 20 years many urban areas in developing nations have experienced dramatic growth in urbanization, due to rapid population growth. This is caused by the devastation of rural economies and discouragement of agriculture; people migrate to cities with the hope of finding greener pasture, job opportunities, education and good health care. According to Ahmed and Ali (2014), “as the population grows in the cities, so also are the production rate of urban waste or municipal waste. Municipal waste may be defined as waste, which is generated by households, commercial enterprises such as offices, hotels, supermarkets, shops, schools, institutions and municipal services. On the other hand, “waste management” includes waste collection, transport, sorting, recycling and disposal. Global waste management report” (World Bank Report, 2018) estimated that “2.02 billion tons of solid waste was generated in 2006, and between 2007 to 2017, the global MW increased by 57.3 percent.  The failure of municipal waste management (MWM) has resulted in serious health problems and environmental degradation. For instance, the deficient collection services, uncollected wastes are dumped in the streets and in drains, thereby contributing to flooding, breeding of insect and rodent vectors, and spreading of diseases. More so, some collected wastes have been seen disposed of in uncontrolled dumpsites or burnt openly. These practices cause environmental, economic, social, psychological, cultural and health problems” (WHO, 2020). 
Conversely, as reported by Hope (2018), “the rate of waste generation in a city is closely related to the density of urban population, size of the urban habitation, consumption rate of commercial goods, income and lifestyles of the people. Furthermore, the rate of industrialization, geographical location, energy resources, climate, living standards and cultural habits has exacerbated the rate of municipal solid waste problems. It is important to note that, the challenges of urban waste are particularly peculiar to developing countries, where resources are limited but urbanization is occurring rapidly. Thus, municipal waste, therefore, deserves careful attention for striking a balance between quality of service and cost effectiveness. However, in Nigeria, due to institutional, regulatory, financial, technical, lack of public participation, inadequate collection facilities, poor and uncontrolled disposal sites, most of the cities are facing difficulties in managing the municipal waste problems” (Ajetunmobi, 2015).
In addition, humans generate a lot of waste which originates from households (domestic), commercial, industrial and agricultural land use areas. Waste according to Tamunobereton et al. (2012) means “substances, which have no purpose or usefulness, seen as nuisance that need to be discarded by the generator of the waste. In other words, wastes which are usually in solid form are man-made. They can simply be said to be residues from domestic, commercial, industrial and agricultural activities” (Leton, 2007; Ikebude, 2017). “They can also be said to be all waste arising from human and animal activities that are normally solid and are discarded as useless and unwanted. Solid waste if not properly managed and properly disposed can take up reliable space that could have been used for other important purposes; improper disposal causes roadblocks, poor aesthetic, constitute serious hindrance to free flow of drainages and can also pollute ground water which can eventually lead to an outbreak of disease” (Oyebola, 2010).  
“More importantly, major cities in Nigeria are currently facing serious environmental problem arising from poor solid waste management” (Ajadi & Tunde, 2010) and the rate of solid waste generation in Nigeria has increased with rapid urbanization (Daramola, 2010). “This has made solid waste generated at a rate beyond the capacity of the city authorities to handle and maintain a sustainable urban environment. This solid waste management challenge has resulted in poor solid waste management system that portends serious environment crisis in most Nigerian towns and cities. Therefore, unsustainable waste disposal is a sensitive issue which is a serious environmental problem in the world today and the present situation of direct dumping of the waste without proper inspection and separation leaves a serious impact of environmental pollution causing a tremendous growth in health-related problems. Domestic, industrial and other waste, whether low or medium level waste cause environmental pollution and had become perennial problems for mankind” (Ramasamy et al., 2013). “If this situation is not handled in a proper manner within time then it would lead to worse consequences both on the local and global levels. The environment has been at the receiving end and overburdened with aftermath of the excesses of humans in their struggle for survival, thus, it is a life supporting system for human existence and socio-economic progress” (United Nations Development Programme (UNDP), 2001; WHO, 2016). “The resultant effects such generation and disposal of waste are environmental challenges that require adequate attention in the recent time. Therefore, solid waste management is a function of combination of various activities such as collection, transportation and disposal of solid waste. It also includes processing and treatment of solid waste before disposing” (Ikebude, 2017). The purpose of solid waste management is to create an uncontaminated environment for people without disturbing natural resources (Muoghalu, 2004; WHO, 2016) and a proper solid waste management helps safe disposal, reduction of final waste and increase re-use and re-cycling. Notably, a lot of waste from time to time is being generated across the capital cities, much of which now affects the air we breathe, the water we drink, and the land on which we live. This is a serious issue as the problem seem to be getting worse daily amidst past research and recommendations (Akinjare et al., 2011; Tamunobereton-ari et al., 2012; Ogbonna et al., 2012; Mmom & Mbee, 2013; Binafeigha & Enwin, 2017; Odiana & Olorunfemi 2021). According to the United Nations, about 11.2 billion tonnes of solid waste is collected worldwide, almost all of which comes from humans alone. It is therefore not only need to manage these wastes but also come up with strategies that will manage such waste sustainably. Very few of studies on wastes especially in the developing countries could be found in the literature, and thus, the present study assessed the characteristics, disposal methods and practices of wastes with a view to sustainably protecting the environment. 
Materials and Methods
The study was carried out in the Capital cities of the Central Niger Delta States involving Delta, Bayelsa and Rivers States (Figure 1). 
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Figure 1: Study Area States and its Capitals

The study adopted the cross-sectional research design. The population of the study was drawn from all residents of states capital in Bayelsa, Delta and Rivers States. 
The population of the study was drawn from all residents of states capital in Bayelsa, Delta and Rivers states. The issue of wastes and its management in Niger Delta is complex and their challenges however varied with location. The residents’ population was subjected to the Taro Yamane formula in order to determine the sample size of the study. The sample size was drawn from the population of each city in the study areas. Given the 2006 population census of Nigeria and its associated projection till year 2024, the core Niger Delta States’ capital cities based on projected figures from 2006 to 2024 was utilised (Table 1).
Table 1: Population of Capital Cities (2006 – 2024)
	States
	Capital Cities
	Population Census 2006
	Total Projected estimate 2020
	Total Projected estimate 2024

	Bayelsa
	Yenagoa
	352,285
	504,434
	524,400

	Delta
	Asaba
	150,032
	214,829
	224,794

	Rivers
	Port Harcourt
	538,558
	771,157
	1,148,665

	Total
	
	1,040,875
	1,490,420
	1,897,859


Source: Adapted from National Population Commission (NPC) (2006)
The population of the study, which was 1,897,859 was subjected to the Yamane (1967) formula in order to determine a sample size. The formula and the result are presented thus:
n    =  	       N                                                                                         		(Equ 1)
 1 +N (e) 2 
Where:  n = the sample size  
 N = the total population  
e = the error of sampling/accepted error limits (0.05%) 
 1 = the constant figure/level of precision.
Using the Taro Yamane formula by substituting 1,897,859 in the equation 3.1; the sample size is 399.93. This is approximately 400. The sampling procedure employed for the study was the probability sampling procedure for residential land use areas, and the non-probability sampling procedure for commercial and industrial land use areas. The sampling techniques for the study were purposive and random sampling techniques. These techniques were employed for questionnaire administration in the study area. In other words, the total number of respondents as given by the sample size of 400 determined for the study constitutes the targeted respondents for questionnaire administration in the study area. Proportional sample sizes shall be utilized to determine the total number of copies of the questionnaire that shall be administered in each capital city to residents in the residential area land use. The details of these are presented on Table 2. 


Table 2: Proportional Sample Sizes for the Study
	Capital cities
	Population (2024)
	Proportion Sample sizes
	Total copies of Questionnaire to be administered

	Yenagoa
	524,400
	110
	110

	Asaba
	224,794
	48
	48

	Port Harcourt
	1,148,665
	242
	242

	
	1,897,859
	400
	400


The commercial centres and the industries to be selected for the study relied on their proximity to residential areas. Thus, the study was carried out a pre-survey exercise to identify and enumerate these commercial centres and industries in close proximity to residential areas. Thus, conveniently, based on how easy it was to access these commercial centres and industries, the researcher selected participants for the study from a group of already identified and enumerated participants.  Descriptive statistics in terms of frequency and percentage and inferential statistics in terms of analysis of variance (ANOVA) were employed for the data analysis.
Results and Discussions
Demographic Characteristics of Respondents in the study area
A slightly higher proportion of the respondents were female (53.1%) compared to male (46.9%) (Figure 2). This balance suggests relatively equal gender representation in the sample, though women were more involved in the study. The 26–35 age group constituted the largest portion of respondents (31.5%), followed by those aged 36–45 years (27.7%) (Figure 3). The youngest group (18–25 years) made up 15.1%, while the 46–55 and 56+ age brackets comprised 16.4% and 9.3% (Figure 4), respectively. This distribution indicates that the majority of respondents fall within the economically active population, potentially reflecting their involvement in household and waste-related decisions. In Figure 5, the largest occupational groups were business/self-employed (24.7%) and traders (21.4%), followed by artisans/craftsmen (18.6%). Civil servants (12.6%) and unemployed individuals (13.6%) also made up a notable portion. Public servants accounted for 9.1%. Respondents with tertiary education were the most represented group (40.8%) (Figure 4), followed by those with secondary education (37%). Those with primary education made up 16.6%, while 5.5% indicated other educational levels. This suggests a relatively educated sample, with over three-quarters (77.8%) attaining at least secondary education, potentially influencing awareness and attitudes toward waste management.
This occupational spread reflects a diverse socioeconomic profile, with a significant proportion engaged in informal or self-directed income-generating activities, which may influence their exposure to waste and environmental conditions (Figure 5).







Figure 2: Sex distribution of the respondents in the study area 




Figure 3: The age distribution of the respondents 







Figure 4: Level of Education of respondents in the study area 



Figure 5: Occupation distribution of respondents in the study area 

Wastes characteristics in the study area
The fieldwork conducted across Bayelsa, Rivers, and Delta States revealed that the state of waste generation and management practices in the region is disturbing (Table 3). The waste characteristics identified in these areas vary significantly between urban and peri-urban/rural ones, but the overall picture details a hazardous and unsustainable sanitation situation. In urban areas, particularly Yenagoa, the volume of non-biodegradable waste which includes wastes types such as plastics, e-waste, and construction debris was common sights. These wastes were observed to originate primarily from households, markets, commercial hubs, and healthcare institutions. Conversely, the peri-urban and rural regions like which are adjoining areas of the Cities exhibited higher volumes of biodegradable waste, including food residue, agricultural litter, and animal droppings, which were mainly generated from households, farms, and local markets.
Although a significant portion of the waste generated (especially in rural areas) is biodegradable, both settings face serious limitations when it came to recycling and reuse of wastes. In the urban areas a high potential for recycling plastics, metals, and paper were shown; however, the absence of structured recycling systems and lack of awareness have crippled these opportunities. In rural areas, informal reuse methods such as using compost or feeding waste to animals were common but often unhygienic and unregulated. These practices, while resourceful, pose serious health and environmental risks due to the mixture of biodegradable and harmful non-biodegradable waste. The disposal practices observed were particularly concerning. In urban areas, roadside dumping, open burning, and irregular bin collection were widespread in all the areas examined. Overflowing bins and heaps of uncollected waste were seen blocking drainages and attracting rodents and disease-carrying insects (especially mosquitoes). In rural settings, residents mostly relied on backyard pits, open-field dumping, or direct burning (often near homes or water bodies) this was especially the case in Asaba (Anwai area). These unsanitary methods are possibly responsible for soil degradation, polluted water sources, and recurring outbreaks of diseases such as cholera, typhoid, and respiratory infections. During the rainy season, especially, the health risks of the poor sanitary conditions could escalate as waste is carried into rivers and streams, and contaminating sources of domestic water. Waste management systems across the study areas were either poorly managed or altogether absent in some cases. In the urban zones, there was some level of municipal involvement in waste management, but services are irregular and infrastructure is grossly inadequate. In Bayelsa for instance, broken-down collection vehicles and abandoned bins are a common sight. In contrast, the rural communities visited had no formal waste collection or disposal systems. Households and communities had to devise their own means of managing waste, which often translated to unsafe and environmentally damaging methods. 
Table 3: Identified waste characteristics in the study area 
	Waste Attribute
	Urban Areas
	Peri-urban/rural Areas

	Main Waste Types
	 Plastic waste
	 Food waste

	
	 Food/kitchen waste
	 Agricultural/organic waste

	
	 Paper/cardboard
	 Animal droppings

	
	 e-waste
	 Plant/leaf litter

	
	 Construction debris
	 Small scale plastic waste

	Dominant Sources
	 Households
	 Households

	
	 Markets
	 Farms

	
	 Industrial/commercial centres
	 Local markets

	
	 Healthcare facilities
	 Animal husbandry activities

	Biodegradability
	40–50% biodegradable (food, paper)
	70–80% biodegradable (crop residue, food, dung)

	
	50–60% non-biodegradable (plastic, glass, e-waste)
	20–30% non-biodegradable

	Recyclability
	High potential (plastics, metals, papers) but low actual recycling due to poor systems
	Low formal recycling, high informal reuse (e.g., composting, animal feed)

	Disposal Practices
	 Roadside dumping
	 Backyard pits

	
	 Bin collection
	 Open fields

	
	 Open burning
	 Burning or burying waste

	
	 Limited formal landfills
	

	Environmental Impact
	 Drainage blockage
	 Soil contamination

	
	 Air and soil pollution
	 Smoke from burning

	
	 Health hazards from indiscriminate dumping
	 Water source pollution in rainy season

	Waste Management System
	 Partial coverage by municipal services
	 Minimal or no formal systems

	
	 Often inefficient or poorly maintained
	 Reliance on personal or communal disposal methods



Waste disposal methods and practices of residents, commercial centres and industries across capital cities in the study area
The data presented in Table 4 reveals a troubling trend in waste disposal practices among residents in the study area, which includes Bayelsa State, Rivers State, and Delta State. The most frequently reported method of waste disposal is burning, with 100 respondents (25.2%) indicating this as their primary method. Incineration of garbage outside emits toxic chemicals, degrades the quality of air, and raises people's risks of contracting respiratory infections, so it is clear that the activity is bad for the environment and the health of people.  Besides, it shows how ill-prepared the rubbish collection system is and how unaware people are of safer methods of rubbish disposal.
Using large black polythene bags is the second most popular technique, with 90 respondents (22.7%) saying this.  The lack of appropriate collecting methods means people dispose of these bags in a random manner, causing blocked drains and street litter, though this indicates some attempt at containment.  Supporting the argument that garbage packing and disposal within the locality is informal and uncontrolled, another big 18.9% of the respondents also stated that they used any available polythene bag.
Use of commercial waste bins or drums was reported by only 40 respondents (10.1%), and drums covered in black polythene by a mere 28 respondents (7.1%), suggesting that structured waste management systems are underutilized or unavailable to most residents. More concerning is the low adoption of environmentally sustainable methods: only 4.5% engage in recycling, and just 6.0% in composting. These figures point to a serious gap in both public education and waste infrastructure to support reuse and resource recovery.
The use of landfills, a basic waste disposal method in many urban systems, is shockingly low at 5.5%, indicating either a lack of access to designated landfills or the absence of properly managed landfill systems. Overall, the pattern of disposal practices underscores a waste management crisis in the study area, characterized by informal, unsustainable methods, and an over-reliance on burning and dumping. Without immediate intervention through policy, education, and investment in infrastructure, these practices will continue to endanger both environmental and public health.

Table 4: Waste disposal practices by respondents in the study area 
	Ways of Disposing Wastes
	Frequency (f)
	Percentage (%)
	σ (Standard Deviation)

	Big black Polythene bags only
	90
	22.7
	1.56

	Commercial waste bins/Drums only
	40
	10.1
	

	Drums covered in big black Polythene
	28
	7.1
	

	Any polythene bags
	75
	18.9
	

	Burning
	100
	25.2
	

	Landfill
	22
	5.5
	

	Recycling
	18
	4.5
	

	Composting
	24
	6.0
	

	Total
	397
	100
	



The ANOVA and post-hoc analysis results in Table 4 indicate that there are statistically significant differences in waste disposal practices among respondents across the three states surveyed—Bayelsa, Port Harcourt, and Delta—for all listed disposal methods (p < 0.05 in each case).
For the use of big black polythene bags, the F-value of 4.312 and a p-value of 0.014 confirm a significant difference, with Bayelsa and Delta reporting lower usage compared to Port Harcourt. A similar pattern is observed for commercial waste bins/drums only, where the F-value is 5.897 and p = 0.003, again showing that usage is significantly higher in Port harcourtthan in Bayelsa and Delta.
The disposal method involving drums covered in black polythene also shows a significant difference (F = 6.104, p = 0.002), with Port Harcourt exhibiting a higher rate of adoption. For general use of any polythene bags, the highest F-value in this group is recorded (7.672), with a p-value of 0.001, reinforcing that Port Harcourt significantly outpaces Bayelsa and Delta in polythene bag-based disposal practices.
Burning, the most dominant and concerning disposal method, has the highest F-value (9.837) and is highly significant (p = 0.000). Here, Port Harcourt again leads, with Bayelsa and Delta showing significantly lower frequencies, indicating that burning is more rampant in the Port Harcourt area, likely due to limited formal waste management systems or greater urban waste accumulation.
For more structured methods like landfilling, recycling, and composting, significant differences also emerge, with Bayelsa often ranking lowest in adoption, while Portharcourtranks highest, indicating better access or slightly more developed infrastructure in Portharcourtcompared to the others. Landfilling (F = 6.54, p = 0.002), Recycling (F = 5.032, p = 0.007), and Composting (F = 4.785, p = 0.009) all point to substantial disparities among states, with Port Harcourt consistently reporting higher usage.
In summary, the data reveal a clear geographical variation in waste disposal practices across the study area. Port Harcourt demonstrates significantly higher usage of both formal and informal waste disposal methods, while Bayelsa and Delta consistently show lower engagement, which may reflect infrastructural, educational, or policy gaps in those states.
Table 5: ANOVA and Post-hoc analysis of significant difference in waste disposal practices by respondents in the study area
	Waste Disposal Methods
	n
	df
	F
	P-value
	Post-hoc 

	
	
	
	
	
	Less 
	More

	Big black Polythene bags only
	397
	2
	4.312
	0.014*
	Bayelsa           Delta 
	Port Harcourt 

	Commercial waste bins/Drums only
	397
	2
	5.897
	0.003*
	Bayelsa           Delta 
	Port Harcourt 

	Drums covered in big black Polythene
	397
	2
	6.104
	0.002*
	Bayelsa           Delta 
	Port Harcourt 

	Any polythene bags
	397
	2
	7.672
	0.001*
	Bayelsa           Delta 
	Port Harcourt 

	Burning
	397
	2
	9.837
	0.000*
	 Port Harcourt
	Bayelsa           Delta

	Landfill
	397
	2
	6.54
	0.002*
	Bayelsa       
	Port Harcourt  
 Delta

	Recycling
	397
	2
	5.032
	0.007*
	Bayelsa           Delta 
	Portharcourt 

	Composting
	397
	2
	4.785
	0.009*
	Bayelsa           Delta 
	Port Harcourt 


Discussions 
The fieldwork conducted across Bayelsa, Rivers, and Delta States paints a grim but revealing picture of the current state of waste generation and management in the Niger Delta region. The findings show a distinct contrast between waste types found in urban centres and those common in peri-urban or rural environments, yet a common thread of inadequate and unsustainable practices ties them all together. Plastics, electronic waste, and construction waste make up the majority of urban non-biodegradable refuse in towns like Yenagoa and Port Harcourt. This is because there is more commercialization, rising urban populations, and a consumer culture with more reliance on disposable items. As a result of population pressure and economic modernization, our findings agree with Radwan et al. (2021) and Rauch et al. (2024) reports that record the increasing proportion of synthetic, non-biodegradable waste in Nigerian cities.
The majority of the biodegradable waste in peri-urban and rural fringes of cities like Asaba and Anwai area are produced from agricultural rubbish, food waste, and faeces, which are mostly produced by livestock and household activities. Lack of proper management of these forms of waste is extremely hazardous to health and the environment, even though they may appear less harmful. According to the study, the majority of rural communities do not have formal systems of waste disposal and fall back on open dumping or burning.  Oluwagbayide et al. (2024) came to the conclusion that unsafe practices have emerged in rural Nigeria due to the lack of formal waste management, posing a risk to human health and the environment.  This is in agreement with their findings.
Interestingly, the urban areas have some recycling opportunities (plastics, paper, and metals) but these are not used due to system failures such as non-availability of recycling plants, absence of interest among citizens, and policy failure in enforcement. The rural areas, on the other hand, have ad-hoc reuse methods such as composting or giving food waste to animals. But these activities are rarely controlled and hygienically performed, typically resulting in uncontrolled contamination of toxic and biodegradable waste. This is a reflection of evidence by Canton (2021) which reported that even resourceful grassroots innovations in developing regions end up becoming disease vectors if not supported by institutions and infrastructure.
Waste disposal practices are perhaps the most troubling aspect documented in this study. In urban settings, roadsides and markets are littered with open heaps of waste, which in many cases block drainage systems and become breeding grounds for vectors such as mosquitoes and rodents. The situation in Asaba peri-urban zones is similarly precarious, where backyard pits or fields near water bodies serve as dumpsites. The environmental consequences, particularly during the rainy season, include runoff that contaminates water bodies—posing serious threats to water quality and increasing the risk of disease outbreaks. This aligns with Nabegu (2010), who found that the lack of sanitary landfills and proper collection systems contributes directly to surface and groundwater pollution in Nigeria’s southern states.
Supporting these field observations is quantitative data from Figure 5, which reports a daily waste generation of 518.2 kg across surveyed areas. Food and kitchen waste lead at 120.7 kg/day, reflecting the dominance of organic waste in both domestic and commercial activities. Plastic waste follows closely at 96.5 kg/day, further underlining the growing concern of plastic pollution in the region. Agricultural residues and animal waste also make up substantial portions, pointing to the semi-urban and agrarian dynamics of many communities. The presence of e-waste (18.6 kg/day) and construction debris (12.3 kg/day), although smaller in volume, signals a need for focused attention due to their toxic or bulky nature—paralleling global discussions on hazardous waste led by the Portas (2011).
Taken together, these findings suggest that effective waste management in the Niger Delta must be multifaceted. There is a clear need for region-specific solutions—urban areas demand improved recycling infrastructure, policy enforcement, and public education, while rural areas require basic formalization of waste handling practices and community training. Future strategies should prioritize organic waste treatment (e.g., composting), regulate informal disposal practices, and curb plastic pollution through extended producer responsibility. Without such integrated efforts, the region risks entrenching environmental degradation and public health crises under mounting waste burdens.
The findings from this study reveal a profoundly fragmented and inefficient system of waste disposal practices across Bayelsa, Port Harcourt (Rivers State), and Delta State. The predominance of burning as the primary disposal method (reported by 25.2% of respondents) reinforces widespread concerns raised in earlier studies about the dangers of open burning in urban and peri-urban Nigeria. Scholars such as Afon (2012) and Adewole (2009) have long emphasized the environmental and public health consequences of indiscriminate burning, linking it to increased emissions of greenhouse gases, particulate matter, and respiratory illnesses, particularly among vulnerable populations such as children and the elderly.
The continued use of polythene bags, both large black types and any available ones (reported by 22.7% and 18.9% of respondents respectively), further supports the argument made by Nzeadibe and Ajaero (2010) that plastic waste remains a ubiquitous challenge in Nigeria's waste stream due to the absence of regulated collection systems and the widespread culture of “use and discard.” These practices often lead to clogged drainage systems and urban flooding, as observed in Port Harcourt and Yenagoa, especially during the rainy season. This is a pattern corroborated by Ihuoma et al. (2021).
Perhaps more worrying is the extremely low engagement in sustainable waste practices such as recycling (4.5%) and composting (6.0%), despite the dominance of organic and recyclable waste in the daily waste stream. This trend reflects a structural weakness in policy and institutional response to waste valorisation, echoing concerns by Imam et al. (2008) and Ogbonna et al. (2007), who noted that despite Nigeria’s massive waste generation, only a fraction is reused or recycled due to the lack of sorting infrastructure, public education, and regulatory incentives.
The disparities across the states, as revealed by the ANOVA and post-hoc analyses, are consistent with earlier geographical assessments by Abila and Kantola (2013), who found that urban centres such as Port Harcourt tend to fare marginally better in waste service provision than more peri-urban or rural areas like those found in Delta and Bayelsa. The significantly higher reliance on structured disposal methods (e.g., bins and covered drums) in Port Harcourt, versus a heavier reliance on burning and open dumping in Delta and Bayelsa, reflects variations in infrastructural investment and policy enforcement, supporting the argument by Ogwueleka (2009) that waste management outcomes in Nigeria are highly dependent on local governance effectiveness and socioeconomic context.
Table 5’s finding that 63.9% of respondents dump waste at “any time of day” suggests a complete breakdown in regulatory scheduling and public adherence to sanitary waste protocols. As Ojedokun (2014) observed in similar studies from southwestern Nigeria, the absence of fixed waste disposal windows creates opportunities for environmental degradation, poor odour control, and vector infestations. These outcomes are worsened by the erratic and infrequent waste collection cycles identified in Table 5, where only 4.5% of respondents reported daily evacuation. Daily collection is globally recognized as the minimum standard in densely populated urban areas (World Bank, 2018), and this shortfall is consistent with patterns found in Dauda et al. (2023) study of Ibadan, which documented how infrequent collection led to self-help strategies like burning and illegal dumping.
Equally revealing is the attribution of responsibility for waste management. While 45.3% of respondents reported that “authorized personnel” manage their waste, the fact that service delivery remains poor reflects a classic case of misalignment between responsibility and accountability. This mirrors findings by Wilson et al. (2012) and UN-Habitat (2010), who argue that privatization or contracting out of waste services—reported by 35.3% in this study—often fails where regulatory oversight is weak, and citizen engagement is minimal.
The low level of household waste separation (13.1%) is a critical issue, further validating Oteng-Ababio’s (2011) position that the success of recycling systems is largely dependent on separation at source. In the absence of color-coded bins, public sensitization, or incentives for sorting, most recyclables are lost in the waste stream. This inefficiency drives up the cost of downstream material recovery and negates the principles of circular economy touted in international policy frameworks (e.g., SDG 12: Responsible Consumption and Production).
Table 5, which shows open dumping (40.3%) and incineration (35.3%) as the dominant waste collection methods, raises concerns about exposure to toxic fumes and leachate. Studies by Ogunjuyigbe et al. (2017) and Oresanya et al. (2017) have shown that uncontrolled dumping and burning are directly associated with contaminated water sources, soil infertility, and disease outbreaks in Nigerian cities. The negligible mention of composting (8.8%) and engineered landfills (15.6%) reveals that ecologically sound and scientifically accepted waste treatment methods are either unavailable or underutilized. This echoes Ezeah and Roberts’ (2012) call for integrated solid waste management (ISWM) strategies that align waste generation with infrastructure, local knowledge, and community-based approaches.
The overwhelming disagreement (75.9%) with the notion that current waste evacuation systems incorporate recycling, re-use, and sustainable disposal further underscores the perception gap and actual policy failure. As pointed out by Odewumi et al. (2015), where citizen confidence in public systems is low, compliance and cooperation also fall, making any sustainable waste strategy difficult to implement. The wide standard deviations in perceptions also suggest significant regional inequality, reinforcing earlier calls for state-specific interventions as opposed to a blanket national strategy.
In conclusion, the evidence from this study offers strong support for prior literature on the multidimensional weaknesses of waste management in Nigeria. The findings call for an urgent rethinking of current systems, emphasizing inclusive governance, community engagement, and investment in infrastructure and education, as advocated by the UNDP (2019) and De Siqueira (2012). Without these, informal, unsafe, and environmentally destructive practices will continue to define waste management in the region, with devastating consequences for public health, ecological integrity, and sustainable urban development.

Conclusions and Recommendations
It is concluded that the waste characteristics varied significantly between urban and peri-urban/rural ones, but the overall picture details a hazardous and unsustainable sanitation situation with volume of non-biodegradable wastes which included plastics, e-waste, and construction debris. In addition, the most frequently reported methods of waste disposal is burning which emits toxic chemicals, degrades the quality of air, and raises people's risks of contracting respiratory infections; and using of large black polythene bags for dumping waste in a random manner, and causing blocked drains and street litter. The study therefore recommended that there is need to establish a decentralized waste management systems tailored to urban and rural realities in strategic places in the Niger Delta. This should include formal composting for organic waste, localized recycling hubs for plastics and e-wastes, and community education programs to reduce unsafe disposal practices witnessed in this study, thereby improving environmental health and sustainability across the study area. Also, policymakers should urgently invest in decentralized, state-specific integrated solid waste management (ISWM) systems that combine household-level waste segregation, daily collection, public sensitization, and infrastructure for recycling and composting. This will reduce reliance on burning and open dumping, improve environmental health, and align local practices with sustainable development goals.
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