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Plastic Waste Composition and Its Influence on the Environment of Paynesville City, Liberia.
Abstract
Background: Plastic waste poses a critical environmental challenge across urban Liberia; however, limited research exists on its composition and impacts. 
Objective: This research assessed the composition of plastic waste and its environmental impact in five socioeconomic zones in Paynesville City: ELWA (high-income), Redlight (commercial), GSA Road (middle-income), Soul Clinic (low-income), and Duport Road (industrial). 
Methods: The research design used a mixed-methods approach that included 156 household questionnaires, 12 interviews with key informants (waste management officers), 30 informal waste collectors surveyed, and field observations conducted through 100 quadrat samples and 50 drainage samples. Sachet water bags were the most common plastic waste, representing 43 per cent; plastic bottles, 23 per cent; and food wrappers, 18 per cent of the total plastics counted. Redlight had the highest plastic density at 2.24 plastics/square meter, while Soul Clinic had the lowest formal collection rate at 12 per cent. 
Results: The research results show a strong positive relationship between plastic density and drainage flow time, with regression revealing that an increase of 10 plastic items in drains increases flow time by 1 second/litre. Informal waste collectors recycled approximately 65 per cent of PET bottles but earned low wages of between 2.50 and 4.00 US dollars per day. The Paynesville City Corporation spends only 12 US cents per capita on waste management, substantially below the World Bank recommendation of 1.50 US dollars for African cities. 
Conclusion: The findings provide empirical evidence for targeted policy interventions to manage sachet water bags, integrate the informal sector, and increase funding for municipal waste management.
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I. INTRODUCTION

Plastic waste management emerged as one of the most crucial environmental concerns in urban areas in developing countries. Globally, plastic production stands at about 400 million metric tons each year, with only 9% recycled and about 79% dumped into landfills or the natural environment (Geyer et al., 2017). The sub-Saharan African region produces 19 million tons of plastic waste annually, with less than 12% of it recycled (World Bank, 2022). Liberia produces about 0.07 million tons of plastic waste each year, most of it from the Monrovia-Paynesville metropolitan region (World Bank, 2020).

Paynesville City is situated about 10 kilometres from Monrovia. It has been growing rapidly in terms of population, with the 2022 census reporting over 187,000 people, while local authorities estimated over 250,000 during the study. This rapid population growth demands the provision of waste management services, but the expansion has outpaced their provision. The Paynesville City Corporation owns six garbage trucks for about 250,000 people, but only two are operational at a time due to mechanical issues. Thus, most of the plastic waste is neither taken to dumpsites nor to recycling centers but instead accumulates in drains and swamps or is burned behind homes. Despite these challenges, no prior study has systematically measured the composition of plastic waste in Paynesville using primary data. Currently available information is based on models derived from statistics from other cities or even at the national level. No study quantifies the effect of plastic density on drainage efficiency in Liberia. Another gap is that the contribution of the informal waste collectors has not yet been quantified.
There are three main knowledge gaps surrounding the management of plastic waste in Paynesville City, Liberia. The first problem is that there is no empirical data on the composition of plastic waste by product type; therefore, the Paynesville City Corporation must make assumptions based on information from other cities. The second gap is the lack of empirical data on the relationship between plastic waste density and its impact on water drainage efficiency, making it impossible to develop appropriate solutions to flooding in the city during rainy seasons. Thirdly, policymakers are unaware of the role of informal waste collectors who recycle much plastic waste, as well as the working conditions of these people.
This research aims to investigate the environmental effects of plastic waste and to establish the challenges faced by waste management institutions in managing plastic waste in Paynesville City, Liberia.
II. Literature review
A. Composition of Plastic Waste
Residential areas are a key source of plastic pollution due to single-use packaging, plastic bottles, and plastic bags. As noted by Hopewell et al. (2009), plastic packaging is estimated to account for as much as 40% of global municipal solid waste. In developing nations like Liberia, plastic sachets used for packaging drinking water constitute a significant source of plastic waste owing to the lack of a safe piped water supply (Environmental Protection Agency of Liberia, 2021). Plastic waste comes from various commercial facilities, such as stores, restaurants, and markets, due to the use of plastic bags, packaging materials, and plastic utensils (UNEP, 2018).
B. Environmental Effects of Plastic Waste
Plastic waste has a significant impact on the environment, both on land and in water bodies. More than 8 million metric tons of plastic waste are discharged into oceans every year (Lebreton et al., 2018). Aquatic animals consume microplastics, leading to death from starvation and the accumulation of toxins (Teuten et al., 2009). Challenges in urban areas include a clogged drainage system, which contributes to flooding, property damage, and an increased risk of waterborne diseases (UNDP, 2021). In Paynesville, flooding from a clogged drainage system occurs throughout the rainy season and poses public health and economic consequences (World Bank, 2020).
C. Challenges faced by Waste Management Institutions
Waste management institutions face several challenges, including inadequate infrastructure, insufficient funding, low public awareness, weak policy implementation, and logistical challenges (World Bank, 2022; UNEP, 2020). The heterogeneity of plastics makes the process even more complicated, as different plastics require different approaches to recycling (Rochman et al., 2013). The problem of illegal dumping and informal waste management further worsens institutional efforts (Wilson, Velis, & Cheeseman, 2006).

III. METHODOLOGY
The study used a mixed-methods research design, comprising both quantitative and qualitative data collection (Creswell, 2014). The independent variables considered included factors affecting plastic waste generation, such as population growth, consumer attitudes, waste management policies, levels of public awareness, and socioeconomic status. Dependent variables considered environmental pollution, flooding incidence, and public health concerns. The research was conducted in Paynesville City, Montserrado County, Liberia. Five zones were selected to represent varying socioeconomic status and land use: ELWA (upper socioeconomic residential), Redlight (commercial area), GSA Road (mixed-use lower socioeconomic), Soul Clinic (low socioeconomic), and Duport Road (residential and industrial).
Figure 1: Conceptual Framework
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The research employed stratified random sampling, in which Paynesville was divided into five zones as strata. The Yamane (1967) formula was used to determine the sample size, yielding 156 respondents. Waste management officials were purposively sampled (n=12), and for informal waste collectors, were snowballed (n=30).

IV. Results 
Fig 2: Zonal Distribution of Respondents
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Field data- 2026

A total of 156 households were surveyed, with a 87% response rate. The sample was representative of Paynesville's population. Median household income was USD 75 per month. Education levels varied substantially by zone: in ELWA, 35% had post-secondary education, while in Soul Clinic, only 2% did.

Fig 3: Plastic Waste Composition by Zone
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Sachet water bags dominated in every zone except Duport Road. Sachets were greater than 50 per cent in the Redlight and Soul Clinic areas. This percentage is more than 38 per cent in 
Field data- 2026
A total of 14,287 plastic items were counted across 100 quadrats. Sachet water bags constituted 43 per cent of all items, followed by plastic bottles at 23 per cent and food wrappers at 18 per cent. The reason for this may be that there are less bottled water choices in Paynesville.

Fig. 4: Environmental Effects: Drainage Blockage
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Field data- 2026

A comparison of income zones did not provide clear evidence supporting the Environmental Kuznets Curve hypothesis. The number of weekly items reported for ELWA was 42, just a little more than the 35 reported by Soul Clinic. The biggest difference was land use: Redlight (commercial) had a higher plastic density of 2.24 items per square meter compared to residential areas. Drainage efficiency was measured at 50 sites, and correlation analysis revealed a strong positive relationship (r = 0.73, p < 0.001) between plastic items in drains and flow time.

The results of the regression analysis showed that for every 10 plastic bottles in the drain section, the flow time increases by 0.85 seconds per litre. This finding is statistically significant and practically relevant for flood risks. The regression model explained 53 per cent of the variation in flow time.
Fig 5: Challenges Ranked by Waste Management Officials[image: image4.png]Research Zone
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Field data- 2026

As shown in Figure 5, insufficient budget was ranked as the most severe challenge by all waste management officials, with a mean rank of 1.3. This was followed by truck shortages (1.8) and spare parts unavailability (2.1). The least severe challenges were weak EPA enforcement (3.5) and perceived public apathy (3.8).
Table 1:  Economics of Informal Waste Collection
	Variable
	Mean
	Median
	Range

	Years Collecting waste
	3.2
	2.5
	0.5 to 12

	Hours Per Day
	6.4
	6.0
	3 to 10

	Kilograms Collected Per Day
	18
	15
	5 to 45

	Income Per Day (USD)
	3.20
	2.80
	1.50 to 7.00

	Distance Walked Per Day (Km)
	12
	10
	5 to 25


Field data- 2026

The majority of collectors were females (22 of 30) aged 25 to 45. Their focus is exclusively on the collection of PET bottles, and their income ranges from 2.50 to 4.00 US dollars per day. Collectors collect without using any safety equipment and are vulnerable to foot injuries and smoke inhalation. Without these informal collectors, the city would have seen plastic density double.

V. DISCUSSION

The finding that sachet bags account for 43% of plastic waste is higher than Lagos at 38% [15]. This is because Paynesville has fewer alternatives to bottled water. This dominance revealed by the study has essential policy implications. A general ban on plastic bags would also target shopping bags, which account for only 8 per cent of plastic waste. However, banning sachet water will be very politically difficult because it is the only safe water for most low-income families.
The correlation (r = 0.73) provides quantitative evidence for Liberia that plastic clogs the drains and causes flooding. This further strengthens the case for targeted drain cleaning before rainy seasons. The Environmental Kuznets Curve prediction was not adequately supported at the neighbourhood level; the biggest difference was between commercial and residential areas rather than income levels. At the intra-urban level, waste generation is determined more by land use than by income. The finding that informal collectors earn between 2.50 and 4.00 US dollars per day is in alignment with studies in Accra [16]. Wilson and colleagues argued that cities should integrate informal collectors into formal waste management [12]. This is a cheaper and more effective approach than expanding government collection alone.

Limitations

Data collection took place during the dry season; plastic waste behavior during rainy seasons may differ. Industrial plastic waste is likely undercounted due to limited access to factory yards.
VI. CONCLUSION

Five key conclusions emerged from this study. Firstly, sachet water bags account for 43% of plastic waste in Paynesville and must be the primary target of any reduction strategy. Secondly, plastic waste measurably reduces drainage efficiency, providing quantitative evidence of what residents have long observed. Thirdly, informal waste collectors recycle a significant amount of plastic but earn very low wages and lack protection or support. Fourth, the Paynesville City Corporation allocates only 12 US cents per capita to waste management, far below the World Bank recommendation. Lastly, existing sustainable strategies remain too small and unevaluated to create meaningful change. These findings emphasize the urgent need for targeted interventions on sachet bags, formal integration of informal collectors, and substantially increased municipal funding.
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