Gondwe et al. Discover Environment (2026) 4:261 1 H
https://doi.org/10.1007/544274-026-00795-0 D Iscover E nvironme nt

. : ®
Plastic waste dynamics and governance i

challenges in urban Malawi

Gideon Gonthoka Gondwe' ®, Kambombo Mtonga?® and Harold Wilson Tumwitike Mapoma'

*Correspondence:

gideon_gondwe@yahoo.com; Abstract
mepm23-ggondwe@mubas. Plastic pollution in rapidly urbanising Sub-Saharan African cities remains poorly
ac.mw; kmtonga@mubas.ac.mw . . . . L . . .

quantified in terms of its spatial distribution, behavioural drivers, and governance
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system-wide distribution rather than spatially isolated hotspots. Waste composition
was dominated by single-use plastics (bags: 42.6%; sachets: 34.1%). The survey results
(n=1,101) revealed high awareness (97.7%) and concern (> 90%), yet low recycling
(4.5%) and limited policy awareness (29.3%), highlighting a pronounced awareness-
behaviour gap. Regression analysis indicates that structural factors particularly location
and infrastructure access outweigh socio-demographic variables in shaping behaviour.
The low recycling rate is primarily constrained by limited infrastructure and access,
rather than lack of willingness. These findings demonstrate that plastic pollution is sys-
temically embedded, driven by interacting consumption patterns, infrastructural limita-
tions, and governance constraints. The study provides novel mixed-methods evidence
linking spatial measurements with behavioural and institutional dynamics, and identi-
fies context-specific interventions, including decentralised recycling systems, market-
based plastic reduction strategies, and Extended Producer Responsibility mechanisms
tailored to informal urban economies.
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1 Introduction

Plastic pollution has become one of the most pressing global environmental chal-
lenges, with recent estimates indicating that over 350 million tonnes of plastic waste
are generated annually [35]. Earlier studies highlighted the scale and persistence
of plastic production and waste [14], while more recent research emphasizes the
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widespread presence of microplastics in water systems, food chains, and urban envi-
ronments, raising concerns about ecological and human health impacts [48, 50].

Although plastic pollution is a global issue, its impacts are unevenly distributed.
As of 2018, Africa produced 5% and consumed 4% of global plastics volumes, with
lax regulation and improving economies contributing to the rising pollution (Sadan
& [38]). Despite contributing a relatively small share to global plastic production,
African cities experience disproportionate environmental impacts due to inadequate
waste collection systems and high dependence on single-use plastics [47]. Most Afri-
can countries have inadequate recycling capacities, which hinders proper waste man-
agement [2]. Microplastic pollution is also a significant concern in African water
systems, leading to threats of ecological viability when combined with other stressors
like climate change [30]. This disparity is particularly evident in sub-Saharan Africa,
where rapid urbanization, population growth, and limited waste management infra-
structure exacerbate plastic waste accumulation [20]. In many African urban centres,
plastic waste streams are dominated by low-value, single-use materials such as plastic
bags and sachets used for packaging water, food, and household goods [33, 36, 49].
These materials are difficult to recycle and are frequently found in drainage systems,
open spaces, and informal settlements, contributing to flooding, environmental deg-
radation, and public health risks [15, 39].

In Malawi, plastic pollution is increasingly evident in urban areas such as Lilongwe,
Blantyre, and Mzuzu. Municipal solid waste management systems in these cities face
significant challenges, including inadequate infrastructure, limited financial capacity,
and low public participation [8]. Studies in Lilongwe (i.e., the capital city of Malawi) have
further shown that socio-economic and institutional factors, including governance and
policy enforcement, influence waste management practices and outcomes [25, 31]. Pre-
dicted that total municipal plastic waste production in Malawi will be 508,000 metric
tons per year in 2060. The nature of consumption in Malawi has been shifting from reus-
able to more single-use and hard to recycle plastics. Malawi also has increasing water
quality concerns, and many residents are using plastic water bottles for clean water as
a result [45]. Estimates suggest that 75,000 tonnes of plastic is produced in Malawi each
year, of which 80% is single-use plastic that cannot be recycled [46]. Based on population
growth rates, it is estimated that by 2030 the amount of plastic waste generated in the
capital city, Lilongwe, will be close to 32,000 tonnes more than double that in 2014 [46].
Although comparable projections for Blantyre and Mzuzu are limited, similar upward
trends driven by urbanisation and increased reliance on single-use plastics are evident,
consistent with patterns across Sub-Saharan African cities [44, 48].

The Government of Malawi introduced the Environmental Management (Plastics)
Regulations in 2015 to regulate the production, importation, and use of thin plas-
tics [26]. However, enforcement challenges and regulatory exemptions particularly
for essential packaging materials such as sachets and food wrappers have limited the
effectiveness of these measures. Consequently, plastic packaging materials continue to
dominate the urban waste stream. Although previous studies in Malawi have examined
waste management systems or public awareness separately [8, 16], there remains lim-
ited empirical evidence integrating quantitative assessments of plastic waste with anal-
yses of public awareness, perceptions, and disposal behaviours. This lack of integrated
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analysis constrains a comprehensive understanding of plastic pollution dynamics in the
Malawian context.

Understanding the relationship between awareness and behaviour is critical, as high
levels of environmental awareness do not necessarily translate into responsible waste
management practices [12, 53]. Behavioural theories such as the Theory of Planned
Behaviour suggest that individual actions are influenced by attitudes, social norms,
and perceived behavioural control [3]. In Malawi, where infrastructural limitations and
enforcement challenges persist, examining how demographic factors influence aware-
ness and behaviour is particularly important for designing effective interventions. This
study addresses these gaps by integrating plastic waste audits with household surveys,
focus group discussions, and key informant interviews. The study combines environ-
mental measurements with socio-behavioural analysis, thereby providing a comprehen-
sive assessment of plastic waste dynamics in urban Malawi. Specifically, this study:

1. Quantifies the volume and spatial variation of plastic waste in urban Malawi, includ-
ing the major cities of Lilongwe, Blantyre and Mzuzu.

2. Examines the correlation between demographic factors and awareness, perception,
and attitudes of urban dwellers towards plastic use and disposal.

3. Analyses how plastic use and disposal practices relates to structural and governance
factors.

The remainder of this paper is structured as follows: Sect. 2 presents a discussion
of existing literature, highlighting global trends in plastic production and waste, plas-
tic waste patterns, drivers, and structural constraints in Africa, and other relevant
aspects. Section 3 presents the study methodology, including the study design, sampling
framework, and data analysis plan. Section 4 outlines the major study findings. Sec-
tion 5 presents a critical analysis of the study findings and their implication(s). Finally,
Sect. 6 provides concluding remarks of the study and outlines possible future research

directions.

2 Literature review

2.1 Global trends in plastic production and waste

Global plastic production has increased dramatically from approximately 2 million
tonnes in 1950 to over 400 million tonnes annually in recent years [37, 51]. While these
figures are widely cited in the literature, they are largely derived from industry-based
datasets and modelling approaches that depend on incomplete reporting, particularly
from low-income countries. As a result, global estimates may underestimate the true
scale of plastic leakage, especially in regions where waste monitoring systems are weak
or non-existent [35].

A substantial proportion of plastics produced globally are designed for single use, with
packaging accounting for nearly 40% of total plastic demand [14]. Despite increased
policy attention and global awareness campaigns, recycling rates remain low, with only
about 9% of all plastic waste recycled, while the majority accumulates in landfills or the
natural environment [48]. However, these global aggregates mask significant regional
disparities. High-income countries typically exhibit higher collection and recycling
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rates, whereas low- and middle-income countries face systemic challenges that result in
higher levels of mismanaged waste [20].

2.2 Plastic waste in Africa: patterns, drivers, and structural constraints

Plastic consumption in Africa has increased steadily due to rapid urbanisation, popu-
lation growth, and changing consumption patterns associated with economic develop-
ment [38]. Although per capita plastic use remains lower than in developed regions,
waste management systems have not kept pace with rising consumption, resulting in sig-
nificant levels of mismanaged plastic waste [20].

Urban centres are widely identified as critical intervention points for addressing plas-
tic pollution. Empirical studies from cities such as Nairobi and Lagos demonstrate that
high population density, expansion of informal settlements, and inadequate waste col-
lection services significantly increase plastic leakage into drainage systems and water
bodies [44]. However, many of these studies rely on aggregated data or limited sampling
frameworks, which restrict their ability to capture intra-urban variability and localised
hotspots of plastic accumulation.

Structural challenges across African countries further complicate plastic waste man-
agement. These include limited financial resources, weak institutional capacity, frag-
mented governance arrangements, and insufficient regulatory enforcement [47]. These
constraints not only affect waste collection and recycling but also limit the availability
and reliability of data, resulting in evidence gaps that undermine effective policy design.

2.3 Plastic waste in Malawi: data gaps and institutional dynamics

Plastic pollution in Malawi reflects broader regional trends but is characterised by sig-
nificant empirical and institutional limitations. Existing estimates of plastic waste gen-
eration are often based on extrapolations rather than systematic field measurements,
reducing their reliability for policy and planning purposes [45, 46].

The persistence of data gaps in Malawi is driven by a combination of institutional,
methodological, and financial constraints. Responsibilities for waste management are
distributed across multiple government agencies and local authorities, often resulting
in weak coordination and unclear mandates [9]. Financial limitations restrict investment
in environmental monitoring systems, while methodological challenges, including reli-
ance on aggregated or outdated data, obscure spatial and temporal variations in plastic
pollution.

Urban areas such as Lilongwe, Blantyre, and Mzuzu exhibit visible plastic accumula-
tion in markets, drainage systems, and riverbanks. However, the absence of site-specific
and longitudinal data makes it difficult to identify pollution hotspots or assess trends
over time [16]. This limitation underscores the need for empirical studies that integrate
environmental measurements with behavioural and institutional analysis.

2.4 Seasonal variation and environmental dynamics

Seasonal variation represents a critical yet often underexplored dimension of plastic
pollution. During the rainy season, increased surface runoff and inadequate drainage
systems mobilise accumulated plastic waste, transporting it into rivers, wetlands, and
flood-prone areas [19]. This process results in temporal spikes in plastic pollution and
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contributes to environmental degradation, including flooding and contamination of
water bodies.

Failure to account for seasonal dynamics can lead to underestimation of pollution
levels and misrepresentation of spatial distribution patterns. Consequently, studies
that do not incorporate temporal variation may produce incomplete or misleading
findings. Integrating seasonal analysis is therefore essential for accurately under-
standing plastic waste dynamics and designing effective interventions.

2.5 Public awareness, attitudes, and environmental behaviour

Global awareness of plastic pollution has increased significantly due to media expo-
sure, policy interventions, and environmental advocacy [32]. Higher levels of envi-
ronmental awareness are generally associated with increased concern about plastic
pollution and greater willingness to adopt sustainable practices [42].

However, empirical evidence consistently demonstrates that awareness alone is
insufficient to drive behaviour change. Studies indicate that while individuals may
possess knowledge about environmental issues, their actions are often constrained by
contextual factors such as convenience, availability of alternatives, and social norms
[18].

In Malawi, a survey by [29] revealed that while most urban dwellers are aware of
the environmental risks of plastic pollution, few actively participate in waste reduc-
tion practices. The waste management system and public awareness are inadequate
to cope with the amount of waste generated in Malawi [45]. Similarly, [47] found that
in Malawi, as is the case for many African countries in sub-Saharan Africa, there is a
lack of knowledge about waste recycling and associated opportunities. This suggests
that knowledge does not automatically translate into action, particularly in contexts

where enabling conditions are lacking.

2.6 The attitude-behaviour gap in plastic waste management

The attitude-behaviour gap is a well-documented phenomenon in environmen-
tal research, referring to the disconnect between individuals’ environmental values
and their actual practices [23]. In the context of plastic pollution, individuals often
express concern and willingness to reduce plastic use while continuing to engage in
unsustainable behaviours.

The Theory of Planned Behaviour [3, 4] provides a useful framework for understand-
ing this gap. While attitudes and social norms influence behavioural intentions, actual
behaviour is also shaped by perceived behavioural control. In many developing-country
contexts, limited access to waste management services, lack of affordable alternatives,
and weak policy enforcement constrain individuals’ ability to act on their intentions [47].

Empirical studies present contrasting findings. In some contexts, increased aware-
ness leads to measurable reductions in plastic consumption, particularly when sup-
ported by policy interventions and accessible alternatives [27]. In other cases,
awareness has little or no impact on behaviour, highlighting the importance of struc-

tural and contextual factors [18].
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2.7 Behavioural, economic, and social drivers of plastic use

Plastic consumption and disposal practices are influenced by a complex interplay of
behavioural, economic, and social factors. Convenience and affordability are key drivers
of continued reliance on single-use plastics, particularly in low-income settings where
alternatives may be unavailable or costly [20].

Socio-demographic characteristics such as age, education, gender, income level, and
place of residence have been widely identified as important predictors of environmen-
tal awareness and behaviour [22]. However, the influence of these factors is neither uni-
form nor deterministic, as their effects are often mediated by contextual and structural
conditions.

Informal economic activities often depend on plastic packaging due to its low cost,
durability, and accessibility. Social norms and cultural practices also play a significant
role, as individuals are more likely to adopt sustainable behaviours when they are widely
accepted within their communities [41]. Conversely, in environments where improper
waste disposal is common, behaviour change becomes more difficult.

These findings highlight the need for interventions that address not only awareness but
also the broader socio-economic context in which behaviour occurs. This underscores
the importance of integrating demographic analysis with behavioural and structural fac-
tors to better understand plastic waste practices in urban contexts such as Malawi.

2.8 Plastic waste management systems and ISWM

Plastic waste management systems differ significantly between high-income and low-
income countries. High-income countries typically rely on formalised systems that
include waste segregation, recycling infrastructure, sanitary landfills, and regulatory
mechanisms such as Extended Producer Responsibility [35].

In contrast, waste management systems in Sub-Saharan Africa are characterised by
limited collection coverage, inadequate infrastructure, and heavy reliance on informal
systems [44]. Integrated Solid Waste Management (ISWM) has been proposed as a com-
prehensive approach that emphasises stakeholder participation, policy coherence, and
sustainability [48].

However, the implementation of ISWM in developing countries faces significant chal-
lenges. Financial constraints, weak institutional coordination, limited technical capacity,
and low public participation hinder its effectiveness. As a result, ISWM often remains
a theoretical framework rather than a fully operational system in many urban contexts.

2.9 Informal sector and circular economy potential

The informal waste sector plays a critical role in plastic waste management in developing
countries. Informal waste pickers contribute significantly to material recovery and recy-
cling, particularly in areas where formal systems are weak or absent [7].

In Malawi, informal waste pickers are commonly observed in urban centres such as
Lilongwe and Blantyre, where they collect plastic bottles, containers, and other recycla-
ble materials for resale [8, 31]. Despite their contributions, informal waste workers often
operate under precarious conditions, with limited recognition, support, or integration
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into formal systems. Integrating informal actors into formal waste management frame-
works has been identified as a key opportunity for improving recycling rates, enhancing
efficiency, and creating sustainable livelihoods.

2.10 Policy effectiveness and enforcement challenges

Policy interventions aimed at reducing plastic pollution have been implemented in many
countries, including Malawi. The Environmental Management (Plastics) Regulations of
2015 represent a significant policy effort to control plastic use. However, evidence sug-
gests that their effectiveness has been limited. Weak enforcement capacity, regulatory
exemptions, and the persistence of informal and illegal plastic trade undermine policy
outcomes [9, 46]. Studies from other contexts similarly show that plastic bans are often
circumvented through smuggling, substitution, and informal markets [47]. These find-
ings suggest that policy effectiveness depends not only on regulatory design but also on
enforcement mechanisms, availability of alternatives, and public compliance.

2.11 Causal mechanisms of policy and behavioural failure

Behavioural research indicates that pro-environmental actions are constrained by both
internal factors (such as motivation, awareness, and attitudes) and external conditions,
including infrastructure, cost, and institutional support [13]. These constraints may
inhibit pro-environmental goals while reinforcing competing behaviours, thereby lim-
iting behavioural change. Furthermore, ecological models emphasise that behaviour is
shaped by a complex interaction of individual, social, and environmental factors, sug-
gesting that interventions focusing solely on awareness are unlikely to succeed [43]. The
Theory of Planned Behaviour further explains that while individuals may hold positive
attitudes towards environmental protection, actual behaviour is strongly influenced by
perceived behavioural control, which is often limited in contexts with inadequate waste
management systems [3, 4]. In addition, evidence shows that behaviour change is dif-
ficult to sustain over time, as intervention effects tend to diminish due to habit persis-
tence, resource limitations, and environmental pressures [24]. Policy outcomes are
therefore highly context-dependent, as the effectiveness of interventions is mediated by
local barriers and enabling conditions [11, 28]. These findings highlight that both behav-
ioural and systemic constraints must be addressed simultaneously to achieve effective
and sustained plastic waste management.

It is clear from above that despite a growing body of global and regional literature on
plastic pollution, significant gaps remain in the Malawian context. Specifically, there
is a lack of integrative research that combines quantified assessments of plastic waste
volume and spatial variations with behavioural and institutional analysis. Furthermore,
limited attention has been given to the interaction between awareness, infrastructure,
and policy effectiveness. These gaps limit the ability of policymakers to design targeted,
evidence-based interventions and highlight the need for comprehensive, context-spe-
cific studies. Hence, this study addresses the identified gaps by adopting an integrated
mixed-methods approach that combines field-based plastic waste quantification with
behavioural and institutional analysis. Unlike previous studies that examine these ele-
ments in isolation, this research provides a comprehensive assessment of plastic pollu-
tion dynamics in urban Malawi. The study links environmental data with behavioural
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insights, to advance understanding of the drivers of plastic pollution and offers practical,
context-specific recommendations for improving waste management systems. The find-
ings have direct implications for policy design, regulatory enforcement, infrastructure
development, and behaviour change interventions.

3 Methodology

3.1 Study area

The study was conducted in Blantyre, Lilongwe, and Mzuzu, Malawi’s three largest cit-
ies, representing the Southern, Central, and Northern regions, respectively. These cities
were selected due to rapid urbanisation, high population densities, diverse socio-eco-
nomic characteristics, and documented challenges with plastic waste accumulation.
Lilongwe district, the capital and largest city of Malawi, has a population of 1,346,360. It
is a cosmopolitan city with inhabitants from all over Malawi, Africa and the rest of the
world. Blantyre City, located in the Southern Region, is Malawi’s commercial and indus-
trial capital with approximately 800,264 (2018 Census). Mzuzu City is the administrative
and economic hub of Malawi’s Northern Region, with a population of 221,272 as of the
2018 Census.

The Fig. 1 illustrates the spatial distribution and relative intensity of plastic waste accu-
mulation across sampled sites in Blantyre, Lilongwe, and Mzuzu. Point symbols rep-
resent individual sampling locations, with symbol size proportional to the volume of
plastic waste recorded (count per site). Waste volumes are classified into four categories
(low, moderate, high, and hotspot) using a natural breaks (Jenks) classification scheme.
Symbol shapes denote site types, including markets, streets, riverbanks, and residential
areas. The inset show the location of Malawi within Africa, providing geographic context
for the study area. Coordinates are approximate and used for spatial representation of

sampling locations.

AFRICA

SPATIAL DISTRIBUTION OF
PLASTIC WASTE VOLUMES
ACROSS URBAN SITES

it ) IN MALAWI

Fig. 1 Spatial distribution of plastic waste volumes across selected urban sites in Malawi
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Across all three cities, solid waste management systems are characterised by limited
collection coverage, inadequate infrastructure, and a reliance on informal disposal prac-
tices. These structural challenges, combined with rapid population growth and increas-
ing consumption of plastic products, contribute to widespread environmental pollution.
The spatial distribution of sampling sites within each city was designed to capture vari-
ation across key land-use types, including markets, streets, riverbanks, and residen-
tial areas. These environments represent critical points of plastic waste generation,
accumulation, and transport within urban systems. By incorporating both formal and
informal residential areas as well as high-activity commercial zones, the study captures
the socio-spatial heterogeneity of urban waste dynamics. Importantly, the selection of
these cities and sampling sites directly supports the study’s objectives of analysing spa-
tial variation in plastic waste volumes and examining the influence of socio-economic
and environmental factors on waste distribution. The inclusion of diverse land-use types
enables comparative analysis across urban contexts, while the multi-city design allows
for broader generalisation of findings within Malawi’s urban system.

3.2 Study design

The study employed a convergent mixed-methods design, in which quantitative and
qualitative data were collected concurrently, analysed separately, and integrated at the
interpretation stage. Quantitative components included structured surveys and environ-
mental plastic waste audits, while qualitative data were obtained through focus group
discussions (FGDs) and key informant interviews (KIIs). This design enabled triangula-
tion of behavioural data with observed environmental outcomes. This study involving
human participants was reviewed and approved by the Malawi University of Business
and Applied Sciences (MUBAS). All procedures performed in this study were in accord-
ance with the ethical standards of the institutional research committee and with the
1964 Helsinki Declaration and its comparable ethical standards.

3.3 Data collection and tools

3.3.1 Plastic waste audit

Plastic waste was assessed using a field-based observational method adapted from Jam-
beck et al. (2015) and UNEP [47]. A purposive sampling strategy was used to select 5
sites per city (total=15 sites), representing key urban land-use types (markets, river-
banks, and major streets). At each site, two replicate quadrats (5 mX2 m) were estab-
lished, resulting in 30 total transects across the study area. The quadrat size was selected
based on its suitability for capturing representative micro-scale waste accumulation
while maintaining feasibility for repeated measurements, consistent with similar envi-
ronmental audit approaches. To reduce hotspot bias, site selection incorporated vari-
ation in land use, population density, and waste exposure levels, rather than focusing
solely on visibly polluted areas. Plastic waste was assessed using direct observation
within 5 mX2 m quadrats. Items were counted, categorised (e.g., bottles, bags, pack-
aging), and weighed. Each site was sampled twice over a two-month period, with visits
conducted at similar times of day to minimise temporal variability.
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3.3.2 Household survey

Structured questionnaires were administered to 1,101 urban residents across the three
cities (Lilongwe: 385; Blantyre: 383; Mzuzu: 333) using stratified random sampling based
on city, gender, age group, education level, and residential density. The survey assessed
awareness of plastic pollution, attitudes toward plastic use and regulation, disposal prac-
tices, and access to waste services. Data were collected digitally using Kobo-Toolbox,
and administered in English and Chichewa, with translation and back-translation pro-
cedures applied to ensure consistency. The sample size of 1,101 respondents was deter-
mined using Cochran’s formula (1977) adjusted to finite population;

B N x Z> x P(1 — P)
T e2N-1)+Z2xP(1-P)

Ho

3.3.3 Qualitative data

A purposive sampling strategy was employed for the qualitative component of the study
to ensure the selection of participants with direct experience, contextual knowledge,
and practical involvement in plastic waste generation, management, and regulation in
urban Malawi. Nine FGDs and nine KlIs were conducted with community leaders, mar-
ket vendors, waste collectors, environmental officers, and civil society representatives.
Interviews explored behavioural drivers, policy awareness, enforcement challenges, and
practical waste management constraints.

3.4 Data processing and analysis

Quantitative and qualitative findings were integrated at both the analysis and interpre-
tation stages, enabling comparison between reported behaviours and observed waste
patterns.

3.4.1 Quantitative data

Quantitative data collected through questionnaire surveys and environmental obser-
vations were first exported from Kobo-Toolbox into Microsoft Excel for initial clean-
ing. Data cleaning involved checking for missing values, inconsistencies, outliers, and
duplicate entries. Where necessary, incomplete or invalid responses were excluded from
analysis to maintain data integrity. Variables were coded and labelled appropriately to
facilitate statistical analysis. Descriptive statistics were generated to summarize key char-
acteristics of the sample and to describe patterns in awareness, perceptions, attitudes,
and plastic waste disposal practices. These statistics included frequencies, percentages,
means, and standard deviations, presented through tables and graphical formats where
appropriate. Inferential statistical analyses were then conducted to examine relation-
ships between variables in line with the study objectives. Chi-square tests were used to
assess associations between categorical variables, such as socio-demographic factors and
awareness or disposal practices. Binary logistic regression analysis was applied to exam-
ine the influence of independent variables on dependent variables related to plastic use
and disposal behaviour. These analyses enabled the identification of statistically signifi-
cant predictors of plastic waste management behaviour in urban Malawi. Environmen-

tal sampling data was analysed through descriptive statistics. Environmental sampling
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data, were analysed using descriptive statistics to assess volume and spatial variations
across cities and site types. Comparative analysis was conducted to identify differences
in plastic accumulation between markets, riverbanks, and street environments, as well

as across the three study cities.

3.4.2 Qualitative data

Qualitative data obtained from focus group discussions and key informant interviews
were transcribed verbatim and reviewed for accuracy and completeness. Transcripts
were read repeatedly to achieve data familiarization before formal coding commenced.
Thematic content analysis was employed to analyse qualitative data. An initial coding
framework was developed based on the study objectives and themes emerging from
the literature review. Open coding was first applied to identify recurring ideas, phrases,
and concepts within the data. These codes were then grouped into broader categories
and themes through axial coding. Key themes included perceptions of plastic pollution
severity, behavioural drivers and barriers, institutional challenges, policy enforcement
gaps, and community-based solutions. The qualitative analysis emphasized identifying
patterns, similarities, and differences across participant groups and cities, thereby pro-
viding contextual explanations for trends observed in the quantitative data.

Data triangulation was employed by integrating results from survey questionnaires,
environmental observations, focus group discussions, and key informant interviews to
enhance validity. Quantitative findings were cross-checked against qualitative insights
and field observations to confirm consistency or explain discrepancies.

3.5 Study limitations

The two-month sampling period limits the ability to capture long-term seasonal vari-
ation. Additionally, purposive environmental sampling may introduce bias; however,
efforts were made to include diverse site types. These limitations are acknowledged
when interpreting findings.

4 Results and discussion
4.1 Volume and variations of plastic waste
4.1.1 Magnitude and spatial distribution of plastic waste
Across the 30 surveyed sites, plastic waste accumulation was substantial, with a total of
27,574 plastic items counted, weighing 173.41 kg. The mean plastic count per site was
919.1 items (SD=355.5), and the mean weight was 5.78 kg (SD=1.54). However, accu-
mulation was not evenly distributed as several sites recorded exceptionally high plastic
counts compared to others. Sites such as Ndirande, Limbe, Chinsapo, Likuni, Zolozolo
and Mzuzu market exhibited markedly elevated plastic counts relative to the overall
average of 919 items per site (Skewness= +1.054), confirming the presence of extreme
accumulation points. This suggests that plastic waste accumulation is concentrated in a
limited number of high-intensity locations rather than being evenly distributed across
urban areas. These high-accumulation sites can therefore be interpreted as spatial con-
centration points, consistent with the clustering patterns illustrated in Fig. 2.

In contrast, plastic weight measurements showed moderate variability across sites,
with no extreme clustering (Kurtosis=0.006), suggesting that while counts varied
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Fig. 2 Plastic waste hotspots sites
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sharply, overall weight distribution remained relatively stable. These findings demon-
strate spatial concentration of plastic waste in specific urban locations, implying local-
ised waste management inefficiencies rather than uniform city-wide accumulation.

At the city level, Lilongwe recorded the highest total plastic load (10,292 items;
M=1029.2, SD=431.9), followed by Blantyre (9,562 items; M =956.2, SD=403.0),
while Mzuzu recorded the lowest totals (7,720 items; M=772.0, SD=138.9).
Although numerical differences were observed between cities, these variations were
not statistically significant (F(2, 27)=1.43, p=0.257, n* =~ 0.10). This suggests that
plastic waste accumulation does not differ substantially across cities, indicating that
the problem is widespread and driven by common urban factors rather than location-
specific conditions.

Plastic waste accumulation also varied across site types. Markets recorded the high-
est total waste (13,640 items; M =974.3, SD=388.0), accounting for approximately 49%
of all collected waste. Riverbanks followed (5,488 items; M =914.7, SD=455.8), while
streets recorded lower totals (8,446 items; M =844.6, SD =251.9). However, these dif-
ferences were not statistically significant (p=0.693). This suggests that although certain
environments appear to accumulate more waste, the differences are not strong enough
to confirm systematic variation across site types.

Informal settlements recorded higher mean plastic accumulation compared to formal
residential areas, accounting for 62.2% of total waste. However, this difference was not
statistically significant (£=—-0.64, p=0.528). Figure 3, shows plastic waste accumulation
on the settlement types.

This indicates that the observed differences may be due to random variation rather
than structural disparities in waste management. Nonetheless, the higher absolute
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contribution of informal areas may reflect population density and activity levels rather
than statistically distinct waste generation patterns.

4.1.2 Plastic type composition

Plastic bags (42.6%) and sachets (34.1%) dominated the waste stream, together account-
ing for over 77% of observed plastics. This suggests a strong dependence on low-cost,
single-use plastic packaging, particularly in informal retail and consumption systems.
The persistence of these materials despite existing regulatory restrictions highlights
potential gaps in enforcement and the continued availability of affordable alternatives.
Other plastic categories contributed relatively small proportions (each less than 11%),
indicating that the waste stream is heavily concentrated in a few dominant product types
as shown in Fig. 4.

4.2 Public awareness, attitude and perceptions vs demographic factors

4.2.1 Demographics summary

The survey sample size of 1,101 respondents comprised 51.4% male and 47.8% female
respondents, indicating a relatively balanced gender representation. The dominant age
group was 25-34 years (338, 30.70%), followed closely by 35-44 years (317, 28.79%),
Younger adults (18—24) represented 16.53%, while older populations (55+) comprised
only 5.54%. Employed individuals dominated at 36.78% (405 participants), reflect-
ing formal sector engagement. Students represented 19.16% (211 participants), indi-
cating youth engagement with environmental issues. The majority of respondents
had completed secondary education (54.4%), followed by tertiary education (27.7%),
only 4.90% had no formal education, suggesting survey participation skewed toward
educated urban populations. Traders comprised 16.53% (182 participants), representing
informal sector commerce. Farmers accounted for only 8.08% (89 participants), reflect-
ing Malawi’s rapid urbanization. These demographics indicated the survey captured pri-
marily urban, employed, and relatively educated populations in Malawi’s three largest
cities, where solid waste generation is most concentrated.

Plastic Type Composition

= Plastic bags
= Plastic bottles
Sachets.

Straws.
= Cups.
= Containers.
= Wrappers.

= Other plastics

Fig. 4 Plastic waste composition by Type
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4.2.2 Awareness and knowledge

An overwhelming majority of respondents (97.73%, n=1,076) reported having heard
about single-use plastics, with only 25 respondents (2.27%) indicating no prior aware-
ness. Only 29.34% of respondents stated being aware of existing government policies.
This reveals a substantial gap between general environmental awareness and policy-spe-
cific knowledge. Chi-square analysis revealed a highly significant relationship between
district and policy awareness (x*=106.532, p<0.001), indicating geographic variation
in policy communication effectiveness. Regarding awareness of negative environmen-
tal effects; 68% (n=749) of respondents demonstrated awareness, 22.0% (n=242) of
respondents demonstrated unawareness, and a substantial proportion 110 (10%) indi-
cated uncertainty. Remarkably, 89.92% of respondents rated their knowledge as "high" or
"very high." On self-assessment of their knowledge about plastic pollution. This suggests
a potential overestimation of knowledge, where perceived understanding does not fully
align with actual awareness of environmental consequences or policy frameworks. Edu-
cation level was significantly associated with knowledge (x*=87.201, p <0.001), indicat-
ing that formal education plays a key role in shaping environmental awareness.

4.2.3 Attitude and perception towards plastic pollution

Respondents’ views on whether plastic pollution is a serious problem was ranked using
5-likert scale. Combined, 90.37% of respondents agree or strongly agree that plastic pol-
lution is a serious problem. The high proportion expressed strong concern (78%) sug-
gested that the issue had emotional salience for most respondents, which is a positive
indicator for potential behavioural change. The high willingness rate (87%) is particu-
larly significant as it indicates behavioural intention. A clear majority (66.12%) believe
the government is not doing enough, while only 19.16% are satisfied with government
efforts. City-level analysis reveals significant variations, dissatisfaction was particularly
pronounced in Blantyre and Mzuzu, while Lilongwe recorded comparatively lower levels
of dissatisfaction and a higher proportion of uncertainty as shown in Table 1. This sug-
gests that public trust in institutional effectiveness is limited, which may reduce compli-

ance with waste management policies and interventions.

4.3 Plastic use/practices and behaviours

The data reveals that Plastic bag use remains widespread among respondents. Com-
bined, 94.6% reported using plastic bags at least occasionally, with only 5.4% indicating
rare or no use. Use of cloth or reusable bags was also reported, though at lower lev-
els. plastic bag use remains more prevalent, suggesting that many respondents alter-
nate between plastic and reusable options depending on context. Plastic bottle use was

Table 1 Perception towards government action in reducing plastic pollution

City No% Not sure% Yes% Total%
Blantyre 69.5 6.3 243 100.0
Lilongwe 592 210 19.7 100.0
Mzuzu 70.3 17.1 12.6 100.0

Total 66.1 14.7 19.2 100.0
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similarly widespread. Approximately 90.5% reported frequent use, and 98.8% reported
at least occasional use. This reflects the continued reliance on bottled beverages and
limited access to consistent alternative water sources. Table 2 shows that while some
respondents report using reusable alternatives, these are often used inconsistently. This
suggests that plastic reduction behaviours are situational rather than habitual, influ-
enced by convenience and availability.

4.4 Qualitative insight

The qualitative component sought to explore perceptions, behavioural drivers, institu-
tional constraints, and governance dynamics shaping plastic use and disposal practices
in urban Malawi. The findings are presented thematically, with emphasis on convergence

and divergence between community level perspective and institution viewpoint.

4.4.1 Awareness of plastic pollution

Participants across the all FGDs demonstrated general awareness of plastic pollution
as an environmental problem. Single-use plastics particularly thin carrying bags and
sachets were frequently identified as primary contributors to blocked drainage systems
and urban litter accumulation. Many respondents associated plastic pollution with vis-
ible environmental degradation.

Awareness was largely attributed to radio and television programs, as well as school-
based environmental messaging. However, discussions revealed that while participants
recognized plastics as problematic, understanding of long-term ecological and health
impacts was often limited. Environmental responsibility was frequently framed in terms
of personal cleanliness rather than systemic waste management.

These insights align with the quantitative findings indicating high levels of environ-
mental concern but persistent harmful disposal behaviours. The qualitative data sug-
gest that awareness exists at a general level but lacks sufficient depth to drive sustained
behavioural transformation in the absence of structure support.

Table 2 Description of plastic use frequency

Practice Response Frequency Percentage
Plastic bag use Always 651 59.13
Sometimes 320 29.06
Often 71 6.45
Rarely 40 363
Never 19 1.73
Cloth/reusable bag Always 514 46.68
Sometimes 352 31.97
Often 78 7.08
Rarely 115 1045
Never 42 3.81
Plastic bottle use Always 537 4877
Sometimes 314 28.52
Often 145 13.17
Rarely 92 836

Never 13 1.18
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4.4.2 Driver of plastic use

Affordability and convenience emerged as dominant drivers of plastic use. Market
vendors consistently emphasized the economic logic underpinning their reliance on
thin plastic bags. Participants highlighted that plastics are inexpensive, readily avail-
able, lightweight, and expected by customers.

These statements illustrate the embeddedness of plastic use within informal market
systems. Thin plastics function not merely as packaging but as integral components
of everyday commercial transactions. In contexts characterized by price sensitivity
and thin profit margins, vendors prioritize cost efficiency and customer satisfaction.
This dynamic reflects broader informal economy characteristics, where regulatory
compliance is strongly influenced by economic feasibility and market availability. The
findings suggest that plastic dependence is not solely behavioural but structurally
embedded within urban commercial systems.

4.4.3 Waste disposal practices and service delivery constrains

Across all study locations (Mzuzu, Blantyre and Lilongwe city), irregular waste collec-
tion services were cited as a primary factor contributing to improper disposal prac-
tices, including burning, open dumping, and drainage disposal. Participants described
inconsistencies in municipal service delivery and limited availability of public waste
bins.

Typical comments from the participants included, “The waste collecting trucks
come once in a long time and sometimes months pass, and there are no bins in the
market. Where do you expect people to throw the waste?” Such narratives indicate
that harmful disposal behaviours are often responses to infrastructural deficiencies
rather than deliberate environmental neglect. Participants frequently expressed frus-
tration with limited access to official dumpsites and the long distances required to
reach designated disposal areas.

Key informants confirmed institutional limitations affecting waste management
systems. Reported challenges included; Limited financial resources, Inadequate col-
lection vehicles and personnel, Weak inter-agency coordination, Insufficient moni-
toring and enforcement mechanism. A municipal official stated, “The law exists, but
enforcement is difficult because we lack resources and manpower.”

These findings point to institutional capacity constraints as a central determinant of
waste management outcomes. The persistence of open burning and dumping appears
closely linked to service delivery gaps rather than purely attitudinal resistance.

4.4.4 Policy awareness, enforcement and government challenges

Awareness of Malawi’s thin plastics ban emerged as inconsistent and, in some cases,
ambiguous. Several FGD participants questioned whether the ban was still opera-
tional, citing the continued widespread availability of thin plastics in markets.

One participant remarked, “If the ban is there, why are plastics still being sold eve-
rywhere?”. This perception reflects weakened regulatory legitimacy and limited vis-
ibility of enforcement efforts. Participants overwhelmingly expressed the view that
government action on plastic pollution was insufficient.
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Key informants identified multiple challenges from the government including; weak
enforcement capacity, political interference in regulatory processes, limited coordina-
tion between local councils and central government, absence of strong local by-laws,
inconsistent monitoring of manufacturers and distributors.

Stakeholders also emphasized the need for incentive-based approaches, such as
recycling buy-back centres, to complement regulatory measures. One civil society
representative stated, “Bans alone will not work unless people have affordable alterna-
tives and incentives.

These insights highlight that regulatory framework, while formally established, face
implementation challenges rooted in institutional capacity, political dynamics, and
market realities.

4.5 Regression analysis on plastic use and disposal behaviour

To examine the socio-demographic factors influencing plastic use and disposal
behaviours, three binary logistic regression models were estimated for: (1) likelihood
of reducing plastic use, (2) support for a plastic ban, and (3) likelihood of recycling
plastic waste. The results are summarised in Table 3.

Table 3 Logistic regression results for plastic use and disposal behaviours

Predictor Reduce plastic use Support plasticban  Recycle plastic (OR [95% Cl])

(OR[95% Cl])

(OR[95% ClII)

Age (Ref: 18-24)
25-34
35-44
45-54
55+
Gender (Ref: Female)
Male
Education (Ref: None)
Primary
Secondary
Tertiary
Postgraduate
Income (Ref: 100-200 k)
<50k
50-100 k
200 k+
Prefer not to say
City (Ref: Blantyre)
Lilongwe
Mzuzu

1.88%[1.02,3.47]
1.52 [0.80, 2.89]
1.7310.75,3.99]
1.30[041,4.12]

0.95[0.61,1.48]

3.01[0.94,9.67]
3.65**[1.50, 8.85]
245[0.96, 6.25]
1.37[045,4.22]

1.13[047,2.70]
0.6810.31,1.52]
1.03 (047, 2.25]
1.52[0.74,3.14]
0.16***[0.08, 0.29]
1.18 (048, 2.90]

0.87[0.56, 1.35]
0.68 [0.44,1.07]
0.52*[0.31,0.87]
0.56[0.27,1.14]

1.12[0.86, 1.46]

2.12[0.94,4.79]
1.65[0.90, 3.03]
2.00*[1.06, 3.77]
248*[1.13,547]

1.93[0.98,3.78]
1.17 [0.68, 2.03]
1.04[0.67,1.63]
0.89[0.59, 1.34]
0.85[0.61,1.19]
1.22[0.82,1.81]

1.97[0.74,5.25]
1.09[0.37,3.24]
1.43[0.45,4.55]
0.74[0.13,4.33]

1.481[0.82,2.67]

1.32[0.26,6.73]
0.91[0.24,341]
0.77[0.19, 3.08]
2.00[042,943]
0.53[0.15,1.87
1.27[0.49,3.26
0.60[0.24,1.52]

0.30**[0.13,0.72]

]
]

2.73*[1.12,6.63]

6.05*** [2.35,15.57]

Odds Ratios (OR) reported with 95% Confidence Intervals

p <0.05%, p<0.01%*, p <0.007***

Reference categories: Age (18-24), Gender (Female), Education (None), Income (100-200 k), City (Blantyre)
“Prefer not to say” (gender) excluded due to small sample size
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4.5.1 Likelihood to reduce plastic use
The model predicting the likelihood of reducing plastic use was statistically signifi-
cant (p<0.001) and demonstrated a moderate explanatory power (Pseudo-R?=0.14),
indicating a reasonable model fit.

Education emerged as a key predictor. Respondents with secondary education were
significantly more likely to reduce plastic use compared to those with no formal edu-
cation (OR=3.65, 95% CI [1.50, 8.85], p <0.01). This highlights the role of education
in enabling pro-environmental behaviour.

Geographic location had a strong influence. Residents of Lilongwe were signifi-
cantly less likely to reduce plastic use compared to those in Blantyre (OR=0.16, 95%
CI [0.08, 0.29], p<0.001), suggesting that contextual urban factors—such as infra-
structure, availability of alternatives, and consumption patterns—shape behavioural
outcomes.

Age showed limited effects, with respondents aged 25—34 more likely to reduce plastic
use than those aged 18—-24 (OR=1.88, p<0.05), while other age categories were not sta-
tistically significant. Gender and income were also not significant predictors (p >0.05).

Overall, plastic reduction behaviour appears to be influenced more by education
and location-specific conditions than by demographic characteristics such as gender

or income.

4.5.2 Likelihood to support a plastic ban

The model predicting support for a plastic ban was statistically significant (p =0.03),
but explained a relatively small proportion of variance (Pseudo-R?=0.02), indicating
limited explanatory power.

Education was a significant predictor. Respondents with tertiary (OR=2.00, 95%
CI [1.06, 3.77], p<0.05) and postgraduate education (OR=2.48, 95% CI [1.13, 5.47],
p<0.05) were more likely to support a plastic ban compared to those with no formal
education. This reinforces the role of higher education in shaping pro-policy attitudes.

Age showed a negative association among older respondents. Individuals aged
45-54 were significantly less likely to support a plastic ban compared to those aged
18-24 (OR=0.52, 95% CI [0.31, 0.87], p<0.05), suggesting generational differences
in environmental attitudes. Other variables, including gender, income, and city, were
not statistically significant predictors. These findings indicate that support for regula-
tory measures is primarily shaped by education and generational factors rather than
economic or geographic differences.

4.5.3 Likelihood to recycle plastic waste
The regression model for recycling behaviour was statistically significant (p=0.01)
and explained a moderate proportion of variance (Pseudo-R*=0.08).

City of residence was the strongest predictor. Respondents in Lilongwe (OR=2.73,
95% CI [1.12, 6.63], p<0.05) and Mzuzu (OR=6.05, 95% CI [2.35, 15.57], p <0.001)
were significantly more likely to recycle compared to those in Blantyre. This suggests
that recycling behaviour is strongly shaped by local infrastructure, service availability,
and urban systems.
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Income also showed a significant effect. Respondents who preferred not to dis-
close their income were less likely to recycle (OR=0.30, 95% CI [0.13, 0.72], p < 0.01),
potentially reflecting socio-economic uncertainty or disengagement from formal
waste systems.

In contrast, age, gender, and education were not significant predictors.

Overall, recycling behaviour appears to be driven more by structural and contextual
factors than by individual socio-demographic characteristics.

The logistic regression models showed varying levels of explanatory power. The
model predicting reduction in plastic use demonstrated moderate explanatory capac-
ity (Pseudo-R?*=0.14, p<0.001), while the recycling model showed modest explanatory
power (Pseudo-R*=0.08, p=0.01). In contrast, the model predicting support for a plas-
tic ban had limited explanatory power (Pseudo-R*=0.02, p=0.03), indicating that addi-
tional unobserved factors may influence policy support.

5 Discussion

5.1 Persistence of plastic waste accumulation in urban systems

The consistently high plastic waste loads observed across sites, cities, and sampling
rounds indicate sustained accumulation within the study period rather than short-term
or episodic fluctuations. While the absence of significant temporal variation suggests
stability over the sampling window, caution is required in characterizing this pattern as
“chronic” in the absence of longitudinal evidence. Instead, the findings point to a per-
sistent imbalance between waste generation and removal capacity, a condition widely
reported in rapidly urbanising cities across Sub-Saharan Africa [44, 48].

The lack of statistically significant variation across cities and site types further sug-
gests that plastic pollution is systemically distributed rather than spatially isolated.
This indicates that underlying drivers such as consumption patterns, waste collection
inefficiencies, and infrastructure deficits are broadly similar across urban contexts in
Malawi. Comparable patterns have been documented in cities such as Accra, Kampala,
and Lusaka, where waste accumulation reflects shared structural constraints rather than
localized anomalies [1]. At the same time, the coexistence of localized high-accumula-
tion sites (hotspots) with statistically comparable city-level averages indicates that plas-
tic waste is heterogeneous at micro-scales but structurally consistent at broader scales.
This reinforces the need for interventions that address systemic inefficiencies while also
targeting high-risk locations.

5.2 Dominance of single-use plastics
The predominance of plastic bags and sachets (77% of observed waste) underscores
the continued reliance on low-cost, single-use packaging within urban consumption
systems. Despite Malawi’s 2015 ban on thin plastics, the persistence of these materi-
als suggests implementation constraints rather than policy absence. Similar outcomes
have been reported across Sub-Saharan Africa, where plastic bans have achieved mixed
results due to enforcement challenges and market dynamics [47].

These findings indicate that regulatory measures alone are insufficient in the absence
of supporting systems. The continued circulation of banned plastics reflects gaps in
enforcement, availability of alternatives, and monitoring of supply chains. This dynamic
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also contributes to the observed disconnect between high public awareness and per-
sistent environmental outcomes, highlighting the importance of aligning policy instru-
ments with institutional capacity and market realities.

5.3 The awareness-behavioural gap

Despite high levels of awareness and concern about plastic pollution, behavioural change
remains limited. This disconnect reflects the well-established attitude—behaviour gap in
environmental research [21, 23]. While respondents expressed strong concern, this did
not consistently translate into reduced plastic use or improved disposal practices. This
pattern can be interpreted through the Theory of Planned Behaviour, which posits that
behaviour is shaped not only by attitudes but also by perceived behavioural control and
social norms [3] In this study, constraints such as affordability, convenience, and limited
access to alternatives appear to limit individuals’ capacity to act on pro-environmental
intentions.

Qualitative findings reinforce this interpretation, showing that plastic use is embedded
in everyday economic practices, particularly within informal markets. Similar patterns
have been observed in other Global South contexts, where structural constraints limit
the effectiveness of awareness-based interventions [6, 34].

5.4 Structural versus social-demographic drivers

The regression analysis indicates that education is associated with increased likelihood
of reducing plastic use and supporting regulatory measures, suggesting that knowledge
contributes to pro-environmental intentions [17]. However, education did not signifi-
cantly predict recycling behaviour, and variables such as gender and income were largely
insignificant.

In contrast, location (city of residence) emerged as a stronger predictor, particularly
for recycling behaviour. This finding highlights the importance of contextual and struc-
tural factors, including infrastructure availability, service delivery systems, and local
governance. Similar evidence from other developing urban contexts suggests that waste-
related behaviours are more strongly influenced by access and opportunity than by indi-
vidual characteristics [20, 52].

5.5 Governance and implementation constraints

The study identifies a gap between the existence of plastic waste policies and their imple-
mentation. While regulatory frameworks such as plastic bans are in place, awareness of
these policies remains limited, and enforcement is inconsistent. These findings point to
implementation constraints, including limited institutional capacity, resource shortages,
and weak coordination [44, 47]. The continued availability of restricted plastic products
in markets reflects challenges related to regulatory enforcement and credibility. The
finding that a majority of respondents (66.1%) perceive government efforts as insuffi-
cient further suggests broader concerns regarding institutional effectiveness. Qualitative
insights highlight issues including weak enforcement, limited resources, and coordina-
tion challenges between local and national authorities. Similar patterns have been docu-
mented across Global South cities [40].
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At the same time, the distribution of responsibility across individuals, government,
and producers indicates openness to multi-stakeholder governance approaches, consist-
ent with collaborative governance frameworks [5]. In this context, Extended Producer
Responsibility (EPR) represents a relevant policy mechanism. By shifting respon-
sibility upstream to producers, EPR can contribute to reducing plastic leakage and
financing waste management systems. However, its effectiveness will depend on regu-
latory enforcement, monitoring capacity, and integration with existing informal sector
practices.

5.6 Recycling infrastructure as a system constraint

Limited access to recycling facilities (20%) represents a critical bottleneck in the waste
management system. The high proportion of respondents uncertain about the exist-
ence of such facilities (42%) further indicates low visibility and accessibility of recycling
pathways. These findings suggest that low recycling rates are primarily structural rather
than behavioural, reflecting gaps in collection, sorting, and processing systems [44].
From a circular economy perspective, plastic waste management in Malawi is therefore
constrained by systemic limitations rather than individual behaviour alone. Without
accessible and functional recycling systems, behaviour change initiatives are unlikely to
produce substantial improvements in waste outcomes.

5.7 Policy implications

The findings highlight the need for targeted and context-specific interventions: Strength-
ening waste collection systems through expanded coverage and improved service reli-
ability, particularly in high-density urban areas [20], Introducing economic instruments,
including recycling incentives and subsidies for reusable alternatives, to address afford-
ability constraints [6], Enhancing policy communication and enforcement to ensure that
existing regulations are visible, credible, and consistently applied [48], and Implement-
ing Extended Producer Responsibility (EPR) schemes to shift responsibility to producers
and support financing of waste management systems [35]. Effective implementation will
require coordination between local governments, national authorities, and private sec-
tor actors.

5.8 Integration of mixed-methods evidence
A key strength of this study lies in the integration of quantitative and qualitative data.
Survey results identified high awareness alongside limited behavioural change, while
qualitative findings provided insight into the structural and institutional constraints
shaping these outcomes. This triangulation demonstrates that plastic waste dynamics
are influenced by the interaction of behavioural, economic, and governance factors, rein-
forcing the value of mixed-methods approaches in environmental research [10].

Overall, the findings indicate that plastic pollution in Malawi’s major cities arises from
a combination of behavioural, economic, infrastructural, and regulatory factors. While
awareness is high, structural constraints including inadequate waste collection, limited
recycling infrastructure, and weak enforcement significantly limit effective waste man-
agement. Addressing plastic pollution will therefore require not only behavioural change
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but also system-level reforms that improve infrastructure, strengthen governance, and

align policy with local socio-economic realities.

6 Conclusion

This study demonstrates that plastic pollution in Malawi’s major cities is substantial and
systemically distributed. A total of 27,574 plastic items (173.41 kg) were recorded across
30 sites, with single-use plastics (77% bags and sachets) dominating the waste stream.
Despite visible hotspots, there were no statistically significant differences across cities
or site types, indicating that plastic pollution is driven by shared structural conditions
rather than location-specific factors. A clear awareness—behaviour gap was observed.
While awareness and concern were high (97.7% awareness; >90% perceive seriousness),
plastic use remained widespread (94.6%) and recycling low (4.5%). With only 20.1%
reporting access to recycling facilities, the findings suggest that low recycling rates are
primarily infrastructure-driven, although limited demand may also contribute. These
results indicate that plastic pollution is shaped by interacting behavioural, economic,
and institutional constraints rather than individual attitudes alone. Targeted interven-
tions should prioritise: (1) market-based plastic reduction strategies in high-accumu-
lation areas; (2) decentralised recycling systems to improve access and visibility; and
(3) strengthened enforcement and producer responsibility mechanisms across sup-
ply chains. The cross-sectional design limits long-term inference. Our future work will
explore adoption of longitudinal and spatial approaches. Overall, effective plastic waste
management in Malawi requires a shift from awareness-based approaches toward coor-
dinated, system-level interventions.

Acknowledgements
The author acknowledges the support of local authorities, study participants, and all institutions that facilitated data
collection.

Author contributions
GG: conceptualization, methodology, data collection, formal analysis, writing and original draft preparation. KM, HWTM:
supervision, methodology support, statistical analysis guidance, and critical review of the manuscript.

Funding
This research did not receive any funding.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate

This study involving human participants was reviewed and approved by the Malawi University of Business and Applied
Sciences (MUBAS) Research Ethics Committee. All procedures performed in this study were conducted in accordance
with the ethical standards of the institutional research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Informed consent was obtained from all individual participants prior to
their inclusion in the study. Participation was voluntary, and respondents were informed of their right to withdraw at
any time without penalty. Confidentiality and anonymity were strictly maintained. Minors (individuals below 18 years of
age) were not included, only individuals aged 18 years and above were included in the study to ensure their capacity to
provide informed consent and independent perspectives.

Consent for publication
Not applicable. The manuscript does not contain any individual person’s data in any form (including images, videos, or
personal identifiers.

Competing interests
The authors declare no competing interests.



Gondwe et al. Discover Environment (2026) 4:261 Page 23 of 24

Received: 13 March 2026 Accepted: 2 June 2026
Published online: 05 June 2026

References

1.

2.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Abel W, Moses W. The challenges and way forward of pollution: A case study of Makindye Division, Kampala Capital
City. INOSR Appl Sci. 2024;12(2):15-23. https://doi.org/10.59298/INOSRAS/2024/12.2.152300.

Adebiyi-Abiola da SNEH. Cleaning up plastic pollution in Africa. In: Science (Vol. 365, Number 6459, pp. 1248-1249).
American Association for the Advancement of Science. 2019. https://doi.org/10.1126/science.aax6190

Ajzen, 1. (1991). The Theory of Planned Behavior. In ORGANIZATIONAL BEHAVIOR AND HUMAN DECISION PROCESSES
(Vol. 50).

Ajzen |, Fishbein M. Attitudes and the attitude-behavior relation: reasoned and automatic processes. Eur Rev Soc
Psychol. 2000;11(1):1-33. https://doi.org/10.1080/14792779943000116.

Ansell C, Gash A. Collaborative governance in theory and practice. J Public Adm Res Theory. 2008;18(4):543-71.
Behuria P. Ban the (plastic) bag? Explaining variation in the implementation of plastic bag bans in Rwanda, Kenya
and Uganda. Environ Plan C Polit Space. 2021;39(8):1791-808.

Carlos Bezerra J, Walker TR, Clayton CA, Adam I. Single-use plastic bag policies in the Southern African Development
Community. Environ Chall. 2021. https://doi.org/10.1016/j.envc.2021.100029.

Chikukula AA, Omokaro GO, Godswill OO, Cassim SY, Mabangwe HS, Kaisi I. Problems and possible solutions to
municipal solid waste management in malawi urban areas—an overview. Asian J Environ Ecol. 2024,;23(6):42-52.
https://doi.org/10.9734/ajee/2024/v23i6553.

Chilinde G, Mamiwa D. Practice and politics of land use for urban climate mitigation and adaptation in Blantyre and
Lilongwe cities, Malawi: G. Chilinde, D. Mamiwa. Urban Forum. 2022;33(1):65-82.

Creswell JW, Plano Clark VL. Revisiting mixed methods research designs twenty years later. Handb Mixed Methods
Res Designs. 2023;1(1):21-36.

Eccles J. Gendered educational and occupational choices: Applying the Eccles et al. model of achievement-related
choices. Int J Behav Dev. 2011;35(3):195-201.

Etim E. Bridging the gap: transforming waste management awareness into action. Clean Waste Syst. 2024;9:100173.
Gaspar R. Understanding the reasons for behavioral failure: a process view of psychosocial barriers and constraints
to pro-ecological behavior. Sustainability. 2013;5(7):2960-75.

Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever made. 2017. http://advances.sciencemag.
org/

Godfrey L, Oelofse S. Historical review of waste management and recycling in South Africa. Resources. 2017. https://
doi.org/10.3390/resources6040057.

Griffin M, Karasik R, Takeaways K, Griffin M, Karasik R. Policy brief plastic pollution policy country profile: Malawi
Author Affiliations Citation. 2022.

Hammami MBA, Mohammed EQ, Hashem AM, Al-Khafaji MA, Algahtani F, Alzaabi S, et al. Survey on awareness

and attitudes of secondary school students regarding plastic pollution: implications for environmental education
and public health in Sharjah city, UAE. Environ Sci Pollut Res Int. 2017;24(25):20626-33. https://doi.org/10.1007/
$11356-017-9625-x.

Heidbreder LM, Bablok I, Drews S, Menzel C. Tackling the plastic problem: a review on perceptions, behaviors, and
interventions. Sci Total Environ. 2019;668:1077-93. https://doi.org/10.1016/j.scitotenv.2019.02.437.

Kalina M, Tilley E.“This is our next problem”: cleaning up from the COVID-19 response. Waste Manag.
2020;108(5):202-5. https://doi.org/10.1016/j.wasman.2020.05.006.

Kaza S, Yao L, Bhada-Tata P, Woerden FV. What a waste 2.0 a global snapshot of solid waste management to 2050
overview. Tokyo Development Learning Center; 2018.

Kibria MG, Masuk NI, Safayet R, Nguyen HQ, Mourshed M. Plastic waste: Challenges and opportunities to mitigate
pollution and effective management. Int J Environ Res. 2023. https://doi.org/10.1007/541742-023-00507-z.
Kiessling T, Knickmeier K, Kruse K, Brennecke D, Nauendorf A, Thiel M. Plastic Pirates sample litter at rivers in
Germany-riverside litter and litter sources estimated by schoolchildren. Environ Pollut. 2019;245:545-57.

Kollmuss A, Agyeman J. Mind the gap: why do people act environmentally and what are the barriers to pro-environ-
mental behavior? Environ Educ Res. 2002;8(3):239-60.

Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical explanations for maintenance of behaviour change:
a systematic review of behaviour theories. Health Psychol Rev. 2016;10(3):277-96.

Lebreton L, Andrady A. Future scenarios of global plastic waste generation and disposal. Palgrave Commun. 2019.
https://doi.org/10.1057/541599-018-0212-7.

Makanje GD. Chapter 18: The Environmental Management Act (2017) and natural resource regulation in Malawi:
opportunities for and limitations to effective enforcement. Law | Environment | Africa. 2017. https://doi.org/10.5771/
9783845294605-393

Martinho G, Balaia N, Pires A. The Portuguese plastic carrier bag tax: the effects on consumers'behavior. Waste
Managent. 2017,61:3-12. https://doi.org/10.1016/j.wasman.2017.01.023.

Masood S, Kothari A, Regan S. The use of research in public health policy: a systematic review. Evid Policy.
2020;16(1):7-43.

Mayoma BS, Mjumira IS, Efudala A, Syberg K, Khan FR. Collection of anthropogenic litter from the shores of Lake
Malawi: Characterization of plastic debris and the implications of public involvement in the African Great Lakes.
Toxics. 2019. https://doi.org/10.3390/toxics7040064.

Mvovo I, Magagula HB. Prevalence of Covid-19 personal protective equipment in aquatic systems and impact on
associated fauna. Environ Syst Decis. 2022. https://doi.org/10.1007/510669-022-09851-5.


https://doi.org/10.59298/INOSRAS/2024/12.2.152300
https://doi.org/10.1126/science.aax6190
https://doi.org/10.1080/14792779943000116
https://doi.org/10.1016/j.envc.2021.100029
https://doi.org/10.9734/ajee/2024/v23i6553
http://advances.sciencemag.org/
http://advances.sciencemag.org/
https://doi.org/10.3390/resources6040057
https://doi.org/10.3390/resources6040057
https://doi.org/10.1007/s11356-017-9625-x
https://doi.org/10.1007/s11356-017-9625-x
https://doi.org/10.1016/j.scitotenv.2019.02.437
https://doi.org/10.1016/j.wasman.2020.05.006
https://doi.org/10.1007/s41742-023-00507-z
https://doi.org/10.1057/s41599-018-0212-7
https://doi.org/10.5771/9783845294605-393
https://doi.org/10.5771/9783845294605-393
https://doi.org/10.1016/j.wasman.2017.01.023
https://doi.org/10.3390/toxics7040064
https://doi.org/10.1007/s10669-022-09851-5

Gondwe et al. Discover Environment (2026) 4:261 Page 24 of 24

31. Ndala G, Ndala NN. Assessing the role of community members in waste disposal in Lilongwe-Capital City of Malawi.
2022;16(3):111-25. https://doi.org/10.5897/AJEST2021.3076.

32. Nielsen TD, Hasselbalch J, Holmberg K, Stripple J. Politics and the plastic crisis: a review throughout the plastic life
cycle. WIREs Energy Environ. 2020. https://doi.org/10.1002/wene.360.

33. Njeru J. The urban political ecology of plastic bag waste problem in Nairobi, Kenya. Geoforum. 2006;37:1046-58.
https://doi.org/10.1016/j.geoforum.2006.03.003.

34, Odonkor ST, Dei EN, Sallar AM. Knowledge, attitude, and adaptation to climate change in Ghana. Sci World J.
2020,2020(1):3167317.

35. OECD. Global plastics outlook. OECD Publishing; 2022. https://doi.org/10.1787/de747aef-en.

36. Oyake-Ombis L, van Vliet BJM, Mol APJ. Managing plastic waste in East Africa: niche innovations in plastic produc-
tion and solid waste. Habitat Int. 2015;48:188-97. https://doi.org/10.1016/j.habitatint.2015.03.019.

37. Rangel-Buitrago N, Arroyo-Olarte H, Trilleras J, Arana VA, Mantilla-Barbosa E, Gracia C. A, et al. Microplastics pollution
on Colombian Central Caribbean beaches. Mar Pollut Bull. 2021. https://doi.org/10.1016/j.marpolbul.2021.112685.

38. Sadan & de Kock. Identifying policy gaps and opportunities plastic pollution in Africa. 2022. www.wwf.org.za/
report/plastic_pollution_policy_in_africa

39. Sadan Z, De Kock L. Plastic pollution in Africa: identifying policy gaps and opportunities. WWF South Africa; 2021.

40. Schnurr REJ, Alboiu V, Chaudhary M, Corbett RA, Quanz ME, Sankar K, et al. Reducing marine pollution from single-
use plastics (SUPs): a review. Mar Pollut Bull. 2018;137:157-71. https://doi.org/10.1016/j.marpolbul.2018.10.001.

41. Schultz PW, Bator RJ, Large LB, Bruni CM, Tabanico JJ. Littering in context: personal and environmental predictors of
littering behavior. Environ Behav. 2013;45(1):35-59. https://doi.org/10.1177/0013916511412179.

42. Steg L. Environmental psychology and sustainable consumption. In: Handbook of research on sustainable con-
sumption. Edward Elgar Publishing; 2015. p. 70-83.

43. Swinburn BA, Kraak VI, Allender S, Atkins VJ, Baker PI, Bogard JR, et al. The global syndemic of obesity, undernutrition,
and climate change: the Lancet Commission report. Lancet. 2019;393(10173):791-846.

44, The World Bank. Municipal solid waste management a roadmap for reform for policy makers. 2018.

45. Turpie J, Letley G, Ng'oma Y, Moore K. The case for banning single-use plastic products in Malawi. Undp; 2019. p. i-iv.

46. UNDRP Plastics usage & pollution in Malawi. 2019; pp. 5-8.

47. UNEP Single-use plastics, a roadmap for sustainability (a). United Nations Environment Programme; 2018.

48. UNEP. UNEP 2021 Annual report. 2021.

49. Velis CA, Cook E. Mismanagement of plastic waste through open burning with emphasis on the Global South: a
systematic review of risks to occupational and public health. Environ Sci Technol. 2021;55(11):7186-207. https.//doi.
0rg/10.1021/acs.est.0c08536.

50. WHO. Microplastics in drinking-water. World Health Organization; 2019.

51. Williams AT, Rangel-Buitrago N. The past, present, and future of plastic pollution. Mar Pollut Bull. 2022;176:113429.
https://doi.org/10.1016/j.marpolbul.2022.113429.

52. Wilson DC, Velis CA, Rodic L. Integrated sustainable waste management in developing countries. Proc Inst Civ Eng.
2013;166(2):52-68.

53. Wu L, Zhu, Zhai J. Understanding waste management behavior among university students in China: environmen-
tal knowledge, personal norms, and the theory of planned behavior. Front Psychol. 2022;12:771723.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.5897/AJEST2021.3076
https://doi.org/10.1002/wene.360
https://doi.org/10.1016/j.geoforum.2006.03.003
https://doi.org/10.1787/de747aef-en
https://doi.org/10.1016/j.habitatint.2015.03.019
https://doi.org/10.1016/j.marpolbul.2021.112685
http://www.wwf.org.za/report/plastic_pollution_policy_in_africa
http://www.wwf.org.za/report/plastic_pollution_policy_in_africa
https://doi.org/10.1016/j.marpolbul.2018.10.001
https://doi.org/10.1177/0013916511412179
https://doi.org/10.1021/acs.est.0c08536
https://doi.org/10.1021/acs.est.0c08536
https://doi.org/10.1016/j.marpolbul.2022.113429

	Plastic waste dynamics and governance challenges in urban Malawi
	Abstract 
	1 Introduction
	2 Literature review
	2.1 Global trends in plastic production and waste
	2.2 Plastic waste in Africa: patterns, drivers, and structural constraints
	2.3 Plastic waste in Malawi: data gaps and institutional dynamics
	2.4 Seasonal variation and environmental dynamics
	2.5 Public awareness, attitudes, and environmental behaviour
	2.6 The attitude-behaviour gap in plastic waste management
	2.7 Behavioural, economic, and social drivers of plastic use
	2.8 Plastic waste management systems and ISWM
	2.9 Informal sector and circular economy potential
	2.10 Policy effectiveness and enforcement challenges
	2.11 Causal mechanisms of policy and behavioural failure

	3 Methodology
	3.1 Study area
	3.2 Study design
	3.3 Data collection and tools
	3.3.1 Plastic waste audit
	3.3.2 Household survey
	3.3.3 Qualitative data

	3.4 Data processing and analysis
	3.4.1 Quantitative data
	3.4.2 Qualitative data

	3.5 Study limitations

	4 Results and discussion
	4.1 Volume and variations of plastic waste
	4.1.1 Magnitude and spatial distribution of plastic waste
	4.1.2 Plastic type composition

	4.2 Public awareness, attitude and perceptions vs demographic factors
	4.2.1 Demographics summary
	4.2.2 Awareness and knowledge
	4.2.3 Attitude and perception towards plastic pollution

	4.3 Plastic usepractices and behaviours
	4.4 Qualitative insight
	4.4.1 Awareness of plastic pollution
	4.4.2 Driver of plastic use
	4.4.3 Waste disposal practices and service delivery constrains
	4.4.4 Policy awareness, enforcement and government challenges

	4.5 Regression analysis on plastic use and disposal behaviour
	4.5.1 Likelihood to reduce plastic use
	4.5.2 Likelihood to support a plastic ban
	4.5.3 Likelihood to recycle plastic waste


	5 Discussion
	5.1 Persistence of plastic waste accumulation in urban systems
	5.2 Dominance of single-use plastics
	5.3 The awareness-behavioural gap
	5.4 Structural versus social-demographic drivers
	5.5 Governance and implementation constraints
	5.6 Recycling infrastructure as a system constraint
	5.7 Policy implications
	5.8 Integration of mixed-methods evidence

	6 Conclusion
	Acknowledgements
	References


