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Abstract

Existing plastic pollution research has focused predominantly on aquatic ecosystems, while
the development, thematic evolution, and research performance of terrestrial plastic pol-
lution remain underexplored. To address this gap, this study provides a comprehensive
bibliometric and policy analysis of research on terrestrial plastic pollution, drawing on
articles published in the Scopus and Web of Science databases from 1989 to 2026. Bibliomet-
ric analysis was conducted using the Biblioshiny package in RStudio, complemented by a
review of African plastic policy frameworks. The results indicate that the field comprises
7682 publications by 18,797 researchers, generating 301,445 citations, with an average of
39.24 citations per article. Research output increased substantially after 2018, reflecting
growing global concern about the environmental impacts of plastic contamination in ter-
restrial ecosystems. China, India, and the United States were the leading contributors to
scientific output and international collaboration, while the Chinese Academy of Sciences
was the most productive institution. Matthias C. Rillig was identified as the most prolific
author in the field. Keyword and thematic analyses indicate that research on terrestrial
plastic pollution has increasingly shifted from visible plastic waste to microplastic soil
pollution and the ecological consequences of plastic contamination in terrestrial ecosys-
tems. However, policy analysis reveals a disconnect between scientific evidence and
policy responses in Africa, where most frameworks prioritize conventional plastic waste
management and circular economy initiatives, giving limited attention to microplastic
contamination and risks to terrestrial ecosystems. These findings highlight the need for
policy reforms that integrate microplastic monitoring and soil protection into national
plastic governance frameworks.

Keywords: plastic pollution; terrestrial ecosystem; research hotspots; policy framework;
bibliometric analysis

1. Introduction

Plastic pollution is increasingly recognized as a global environmental challenge; how-
ever, research and policy attention have historically been dominated by a marine perspec-
tive [1-4]. Emerging evidence indicates that terrestrial ecosystems, such as agroecosystems,
are major yet overlooked reservoirs of micro- and nanoplastics, with significant implica-
tions for soil health, food security, and sustainable development [5,6]. This imbalance has
created a critical gap in understanding the scale, impacts, and governance of land-based
plastic pollution.
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The persistence of plastics in terrestrial environments stems from their chemical sta-
bility, resistance to microbial degradation, and durability-enhancing additives such as
plasticizers and stabilizers [7]. As a result, plastics can persist in soils for decades, con-
tributing to long-term accumulation amid rising global production [8,9]. In agricultural
systems, plastics enter soils through multiple pathways, including mulch films, irrigation
systems, and mismanaged waste streams, making agroecosystems particularly vulnerable
to contamination [10-12]. Despite these inputs, terrestrial environments remain compara-
tively understudied, even though they are estimated to receive substantially higher plastic
loads than marine systems [2,3].

The impacts of plastics in soils extend beyond their physical presence and pose a sys-
temic threat to ecosystem functioning. Studies show that plastic particles alter soil structure
by affecting porosity, aeration, and water retention, which are essential for root develop-
ment and crop productivity [12]. These physical changes are accompanied by chemical
disruptions, including shifts in soil pH, cation exchange capacity, bulk density, and nutrient
cycling, particularly in carbon and nitrogen dynamics [13,14]. At the same time, plastics
interfere with biological processes by reducing beneficial microbial populations, disrupt-
ing soil-plant-microbe interactions, and inhibiting organic matter decomposition [15-19].
These combined effects weaken soil fertility, reduce agricultural productivity, and pose
ecotoxicological risks to soil organisms and broader ecosystem stability [20].

Beyond these direct impacts, plastics contribute to the formation of a novel ecological
niche, the ‘plastisphere’, which reshapes microbial communities and alters biogeochemical
processes [21]. This has broader environmental implications, including increased emissions
of greenhouse gases such as carbon dioxide (CO,), methane (CHy), and nitrous oxide
(N20), which are partly linked to the fossil-based origin of plastics [22,23]. Consequently,
terrestrial plastic pollution is not only a soil contamination issue but also an indirect driver
of climate change and a systemic threat to agroecosystem resilience and sustainability.

The challenge is further intensified by the global importance of agriculture. Approxi-
mately 3.83 billion people depend on agri-food systems for their livelihoods [24], increasing
pressure to adopt alternative materials such as biodegradable plastics, including polylactic
acid (PLA), polyhydroxyalkanoates (PHAs), and poly (butylene adipate-co-terephthalate)
(PBAT) [25,26]. While these materials are often promoted as environmentally friendly,
evidence indicates that they can also fragment into microplastics and persist under en-
vironmental conditions, contributing to similar pollution pathways [27,28]. Moreover,
studies report their negative effects on plant growth, including reduced biomass, altered
root development, and decreased chlorophyll content [29-31]. Embedded additives and
variable degradation conditions further complicate their environmental behaviour [26,32].

Despite this growing body of evidence and literature, including bibliometric research
on plastic pollution [33-35], existing studies largely examined the broader plastic pollution
literature [36-39] in marine and aquatic environments [40—44], with limited attention to
the evolution of research on terrestrial systems [2-5,45]. More importantly, the extent
to which emerging scientific priorities in terrestrial plastic pollution align with existing
policy responses, particularly in African contexts, remains insufficiently understood [46].
This gap is increasingly important as terrestrial plastic research shifts toward microplastic
contamination, soil health, agricultural impacts, and ecosystem functioning [47,48], while
policy responses remain largely oriented toward visible plastic waste and conventional
waste management [49]. Consequently, it remains unclear how advances in terrestrial
plastic pollution research are reflected in policy priorities. This study addresses this gap
by integrating bibliometric mapping of terrestrial plastic pollution with an assessment
of African policy frameworks, identifying areas of alignment and disconnect between
scientific research priorities and policy responses.

https://doi.org/10.3390 /microplastics5040201


https://doi.org/10.3390/microplastics5040201

Microplastics 2026, 5, 201

30f34

Accordingly, the study treats terrestrial plastic pollution as a continuum spanning con-
ventional and biodegradable plastics and their fragmentation into micro- and nanoplastics.
This framing captures the evolving scientific focus on these interconnected forms of terres-
trial plastic contamination and enables comparison with corresponding policy responses.

Specifically, the study (i) maps global and regional publication trends and identifies
leading countries, institutions, and scholars; (ii) examines influential publication outlets and
their contributions; (iii) identifies key research themes, emerging trends, and their evolution
over time through co-occurrence and thematic evolution analyses; and (iv) evaluates policy
responses to terrestrial plastic pollution and governance gaps in African contexts. By linking
scientific mapping with policy analysis, the study moves beyond conventional bibliometric
assessments to examine whether emerging scientific evidence on terrestrial plastic pollution
is reflected in policy responses and to identify research and governance priorities for more
effective terrestrial ecosystem management.

2. Methodology

To highlight the main areas of research, concepts, and topics on plastic pollution in the
eco-terrestrial environment, within the broader waste management domain, a bibliometric
analysis of the literature was conducted using the Biblioshiny R package, complemented
with qualitative analysis of countries” policy documents on plastic pollution, focusing on
terrestrial plastic pollution, particularly those addressing agroecosystems.

2.1. Bibliometric Analysis

Bibliometric analysis is a form of scientific communication that helps researchers
track the progression of science within a field by identifying trends in research topics
across disciplines and understanding how scientists develop knowledge and disseminate
findings [50]. As proposed by Prichard [51], the approach applies mathematics, statistics,
and bibliographic methods to quantitatively analyze the scholarly literature [52] and has
been used successfully by seminal researchers [53-55]. The evolution of information
technologies and the development of specialized data-analysis software have also made
the method gain traction for analyzing large databases that would be too cumbersome and
impractical to analyze manually [53,56]. Common bibliometric methods include statistical,
citation, and knowledge-sharing analyses. Additionally, knowledge mapping can uncover
links between developmental stages and the structure of scientific knowledge, illustrating
the evolution of specific fields and helping scholars identify research hotspots, frontiers,
and trends [57,58].

Based on the above definition, we employed a scientometric approach to conduct a
co-authorship analysis of authors, leading institutions and countries, influential journals,
and the most impactful papers on plastic pollution. Our analysis also includes citation and
co-citation analyses to map the intellectual structure of plastic pollution research, reveal
trends, identify seminal studies, and highlight high-impact research. We also conducted
keyword and keyword co-occurrence analyses to identify hot topics and evolving research
frontiers in terrestrial plastic pollution over time. Finally, we conducted collaboration and
thematic analyses to reveal patterns of scientific collaboration across countries, institutions,
and authors, and uncover the subject’s conceptual structure by identifying core research
themes, their interrelationships, and their evolution over time.

In parallel, we conducted a qualitative content analysis of African national and interna-
tional environmental governance documents, regulatory frameworks, and strategic action
plans relevant to land-based plastic pollution. We identified policy documents by searching
official government and environmental agency websites and African Union repositories,
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using combinations of terms such as plastic pollution, plastic waste, single-use plastics,
solid waste management, microplastics, and circular economy:.

Following the purposive sampling approach of Patton [59] and Creswell and
Creswell [60], we selected 30 policy frameworks, comprising the African Union continental
framework and national frameworks from South Africa, Nigeria, Kenya, Rwanda, Ghana,
Egypt, Morocco, Ethiopia, Tanzania, Uganda, Zambia, Zimbabwe, Botswana, Namibia,
Senegal, Cote d'Ivoire, Cameroon, Algeria, Mauritius, Tunisia, Benin, Burkina Faso, Mozam-
bique, Madagascar, DR Congo, Togo, Mali, Seychelles, and Djibouti. We purposively selected
countries to provide broad geographical representation across African subregions and vari-
ation in plastic governance approaches, subject to the availability of nationally significant
policy documents.

We included documents that constituted national or continental law, regulation, pol-
icy strategy, or an action plan addressing single-use plastics, plastic pollution, plastic or
solid-waste management, or circular-economy practices relevant to plastic pollution. We pri-
oritized frameworks that were in force, had national or continental coverage, and were the
most comprehensive or significant regulatory instrument relevant to plastic pollution in the
jurisdiction. When multiple relevant documents existed, we prioritized the framework with
the broader coverage of plastic waste governance. We excluded subnational documents
that lacked substantive relevance to plastic or solid-waste governance.

2.2. Search Term and Data Acquisition

For bibliometrics, as stated above, literature data were collected from two aca-
demic databases, the Web of Science Core Collection and Scopus, using the search query
(“microplastic” OR “nanoplastic” OR “plastic pollution” OR “biodegradable plastic”)
AND (“soil” OR “terrestrial” OR “land-based” OR “agroecosystem” OR “agriculture”).
Our search terms cover publication documents related to plastic pollution (including
biodegradable options) in land-based or agricultural ecosystems, including those that dis-
cuss or analyse governance policies, regulations, or management strategies. We conducted
the search on 19 May 2026.

We used a broad search strategy of plastic-related terms (conventional plastics,
biodegradable plastics, microplastics, and nanoplastics) to capture the evolution and in-
terconnected forms of terrestrial plastic pollution, since conventional and biodegradable
plastics can degrade and fragment into micro- and nanoplastics. Hence, restricting the
search to microplastics alone could therefore exclude relevant evidence on plastic sources,
degradation, transformation, and environmental fate. The terrestrial terms in the search
query ensured that the study remained focused on land-based and agricultural ecosystems.

2.3. Search Results

In the first stage, we retrieved and downloaded search results, yielding 3868 records
from the Web of Science Core Collection and 7332 from Scopus. In the second step, we
standardized the datasets in RStudio. We exported the Web of Science records as TXT
files and the Scopus records as BibTeX files; we then converted both to Excel to ensure a
uniform working environment. In the third step, we merged the standardized datasets
after verifying compatibility of bibliographic field codes and integrating information from
both databases. In the final step, we identified and removed duplicate records using
bibliographic information, including titles and abstracts. After removing 3518 duplicate
records, the final dataset comprised 7682 unique publications on terrestrial plastic pollution.
The detailed data processing procedure is presented in Table 1.
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Table 1. Data Processing Steps.

Step

Objective

Scopus Web of Science

Data Collection and Source

Identification

Extracting Plastic Pollution
in Eco-terrestrial Research
Literature Data

A total of 3868 records
were extracted from the
Web of Science Core

Collection and exported in
TXT format

A total of 7332 records
were extracted from
Scopus and exported in
BibTeX format

Format Harmonization

Formatting data

TXT data from Web of
Science was standardized
and converted to Excel
format using RStudio

BibTeX data from Scopus
was standardized and
converted to Excel format
using RStudio

Data Merging

Merge WoS with Scopus
data into a single dataset

Verified WoS and Scopus field codes (e.g., TS = Topic,
TI = Title, AU = Author, etc.), then merged 11,200 records
into a single dataset.

Data Cleaning

Ensuring Accessibility
of Data

Cleaned and deleted 3518 duplicates. Finally, 7682 data
entries of plastic pollution in eco-terrestrial ecosystem
studies were obtained. Based on unique identifiers such
as title, topic, and abstract.

Source: Authors” Computation.

Although this study is a bibliometric analysis and differs from a conventional system-

atic review, the literature search, study identification, and selection followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines.
The PRISMA flow diagram (Figure 1) illustrates the study identification and selection
process. No review protocol was registered because the study is a bibliometric analysis.
Figure 2 presents an overview of the final dataset.
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Figure 1. PRISMA 2020 Flow Diagram of the Literature Search and Study Selection Process. Plastic
Pollution in Eco-Terrestrial Environment [61].
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Figure 2. Overview. Source: Author’s Own Works.

2.4. Data Merging and Duplicate Removal

We imported the Web of Science and Scopus datasets into RStudio using the bib-
liometrix package. Web of Science records were converted from the plain-text export using
convert2df(), while Scopus records were converted from BibTeX format. We then merged the
two standardized bibliographic datasets using mergeDbSources(). Duplicate records were
identified and removed automatically during merging by setting remove.duplicated = TRUE
in mergeDbSources(), based on matching bibliographic metadata across Scopus and Web of
Science records. We then exported the merged dataset to Excel for further checking and
analysis. This process reduced the initial 11,200 records to 7682 unique publications after
removing 3518 duplicates.

3. Performance Analysis
Number of Published Articles and Average Citations

Figure 3 shows the annual publication and citation trends for terrestrial plastic pollu-
tion; the two-database search identified 7682 research outputs from 1989 to 2026. Research
output remained limited during the first 17 years (1989-2007), with single-digit annual
publications, indicating that scholarly attention to terrestrial plastic pollution was still in its
early stages. Over the next decade (2008-2017), the number of research articles gradually
increased, and the topic gained significant attention across scientific disciplines. This pe-
riod aligns with a global rise in concern over the accumulation of plastic waste and its
environmental implications across ecosystems [62,63].

Since 2018, research on terrestrial plastic pollution has become one of the fastest-
growing frontiers in environmental science and waste management; 7411 of 7682 retrieved
articles were published during this period, representing 96% of all publications. This rapid
growth aligns with growing global concern over microplastic contamination in soils and its
impacts on the global food chain and terrestrial biodiversity, as documented in studies [2,64,65].
The surge in scientific output also coincides with the growing integration of plastic pol-
lution mitigation into the Sustainable Development Goals (SDGs), SDG 12 (Responsible
Consumption and Production), SDG 14 (Life Below Water), and SDG 15 (Life on Land),
which collectively drive global research and policy attention toward sustainable waste
management and ecosystem protection.
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Figure 3. Annual Scientific Production and Average Citations. Source: Author’s Own Works.

Publication output on terrestrial plastic pollution continued to increase substantially
during the COVID-19 period, when several research fields experienced disruptions. The
sustained growth was further supported by advances in microplastic detection and ana-
lytical techniques [66,67], increased global policy attention to plastic waste management
and pollution governance [68,69], and the broader integration of sustainability and circular
economy frameworks into environmental research and policy discussions [70,71].

4. Most Influential Journal and Papers
4.1. Top Journals

Table 2 lists the top 10 most productive journals, each with more than 100 publications
on ‘plastic pollution in eco-terrestrial studies’. The top 10 journals account for 38.5%
(2957 research articles) of all retrieved publications, as partially shown by Bradford’s law in
Figure 4. This indicates that, while these journals have contributed significantly, articles on
terrestrial plastic are not limited to a few journals and span a wide range of disciplines and
journals. Over the past two decades, 104 journals have published at least 10 articles, and
Science of the Total Environment tops the list with 761 articles, followed by the Journal of
Hazardous Materials with 717. Together, these two journals have contributed 1478 articles
(approximately 20% of the total retrieved publications), reflecting their devoted focus
on plastic pollution in terrestrial ecosystems. Various disciplines have showcased their
interest in eco-terrestrial plastic pollution; however, environmentally oriented journals
dominate the field. Influential journals in the field also include Environmental Pollution
(481 publications), Chemosphere (236), Marine Pollution Bulletin (193), Ecotoxicology
and Environmental Safety (132), Environmental Research (113), Environmental Science &
Technology (110), Journal of Environmental Management (109), and Environmental Science
and Pollution Research (105), consistent with prior bibliometric studies on environmental
sustainability. Among the top 10 journals, five (50%) are published by Elsevier, making
it the dominant publisher. Other publishers include Academic Press (20%), MDPI (10%),
the American Chemical Society (10%), and Springer (10%). Three journals are published in
the UK and the USA, two in the Netherlands, and one each in Germany and Switzerland.
This shows that most of the top ten journals are published in Western countries, and none
are from Africa or developing countries.
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Table 2. Top 11 Productive Journals.
. . Journal . Subject e
Journal Articles Publisher Coverage  SJR/Quartile . H-Index Citations
Country Categories
Science of The Environmental
Total 761 Elsevier Netherland 2016 2.043 (Q1) . 115 51,692
. Science
Environment
Journal of Environmental
Hazardous 717 Elsevier Netherland 2018 2.621 (Q1) . 93 32,009
. Science
Materials
Environmental . United Environmental
Pollution 481 Elsevier Kingdom 2014 2.022 (Q1) Science 98 35,297
United Environmental
Chemosphere 236 Elsevier . 1992 1.648 (Q1) Science; 65 14,899
Kingdom .
Chemistry
Agricultural
Marine United and Biological
Pollution 193 Elsevier ) 2012 1.465 (Q1) Sciences, 46 10,420
. Kingdom .
Bulletin Environmental
Science
Ecotoxicology
and Academic United Environmental
Environmental 132 Press States 2020 1513.@1) Science 31 4056
Safety
Environmental . Environmental
113 MDPI Switzerland 2014 0.927 (Q1) . 33 3895
Research Science
Environmental American United Environmental
Science & 110 Chemical States 2008 3.776 (Q1) Science; 44 13,995
Technology Society Chemistry
Journal of . . .
Environmental 109 Academic  United 2012 1923 (Q1)  Fnvironmental 26 2245
Press States Science
Management
Environmental
Science and . Environmental
Pollution 105 Springer Germany 2017 0.909 (Q1) Science 24 2993
Research
Source: Author’s Own Works.
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4.2. Top Globally Cited Articles on Terrestrial Plastic Pollution

Citations assess the scientific impact and quality of publications; highly cited articles
generally reflect strong academic contributions. Table 3 presents the 11 most-cited publica-
tions on terrestrial plastic pollution since 1989. The 7682 retrieved publications received
301,445 citations, averaging 39.24 citations per article. Nevertheless, 1267 articles, mostly
published between 2024 and 2026, had not yet received citations at the time of analysis.
In addition, 570 publications had received only a single citation.

Table 3. Top 10 Most Cited Research.

Total

Title Year  First Author Affiliation Country Journal Citation Ref.
Accumulation and . . o
fragmentation of plastic 2009 Barnes British Antarctic UK Bzo.l ogical 8306 [62]
.2 . Survey sciences
debris in global environments
Microplastics as an emerging de Souza Freie Universitét Global change
threat to terrestrial ecosystems 2018 Machado Berlin Germany biology 2674 [64]
Microplastics can change soil . s Environmental
properties and affect 2019 de Souza Freie Um\.rers1tat Germany science & 2267 [72]
Machado Berlin
plant performance technology
. o . . s Environmental
Microplastics in terrestl.‘lal 2012 Rillig, M. C Freie Um\.fersﬁat Germany science & 2030 2]
ecosystems and the soil? Berlin
technology
Impacts of microplastics on . s Environmental
the soil biophysical 2018 de Souza Freie Um\.rers1tat Germany science & 2006 [15]
. Machado Berlin
environment technology
Effective uptake of .
submicrometre plastics b Chinese Nature
Pl Y 2020  Lianzhen Li Academy of China e 1517 [73]
crop plants via a Sciences sustainability
crack-entry mode
Evaluating scenarios toward Winnie W. Y. The Pew .
zero plastic pollution 2020 Lau Charitable Trusts usa Science 1904 741
MlCI‘Opla‘StICS research—from 2018 Rochman University of Canada Science 1530 [75]
sink to source Toronto
Effects of microplastics in soil Anelia Ruskin Environmental
ecosystems: above and 2019 Boots, B. &'l . UK science & 1659 [17]
University
below ground. technology
aCElZ;:E?;t?OOIf ?r:l;r?iljlstiial Instituto de Science of the
. 8 2019 Corradini, F Investigaciones Chile total 1681 [76]
soils from sewage Agropecuarias environment
sludge disposal. 8rop
The distribution of .
microplastics in soil aggregate Yunnan Science of the
P M 501t AgTes 2018  Zhang, G.S nnar China Total 1526 [77]
fractions in University .
Environment

southwestern China

Source: Author’s Own Works.

The 11 most-cited articles collectively received 23,915 citations, representing approx-
imately 8.00% of the total citation count; of these 11 studies, 9 are collaborative efforts.
The most influential article on terrestrial Plastic pollution was “Accumulation and frag-
mentation of plastic debris in global environments” by Barnes et al. [62]. The article
demonstrated how plastic debris has become a globally pervasive pollutant across ecosys-
tems, fragmenting into microplastics and posing significant threats to biodiversity and
environmental sustainability. It has since become a reference point for many articles and
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has been cited by 8036 studies. de Souza Machado et al. [64] emerged as one of the most
influential contributions to research on terrestrial plastic pollution and helped extend the
discussion beyond marine environments, highlighting plastic pollution as a growing threat
to soil health, biodiversity, and ecosystem functioning. This argument was reinforced by
de Souza Machado et al. [72], who provided experimental evidence that microplastics
modify soil properties and influence plant growth, highlighting the potential risks of plastic
contamination for terrestrial ecosystems and agricultural productivity. Collectively, these
two seminal studies have attracted over 4941 citations, showcasing their foundational role
in shaping the rapidly expanding field of research on terrestrial plastic pollution.

Interestingly, 9 of the 11 most-cited articles were published between 2018 and 2021,
a period marked by heightened global concern over plastic pollution following China’s
2018 plastic waste import ban, widespread campaigns against single-use plastics [78],
increased plastic consumption during the COVID-19 pandemic [79], and emerging evidence
of microplastics in human tissues [80]. Furthermore, most of the highly cited studies,
including Barnes et al. [62] and de Souza Machado et al. [4,64], are collaborative efforts led
by European and American researchers, indicating limited participation from developing
countries. This imbalance is noteworthy given the growing concerns over plastic pollution
in developing economies, particularly in Africa and other regions where agriculture remains
a major contributor to livelihoods and economic activity.

5. Authorship and Collaboration
5.1. Most Productive Authors

Table 4 shows the top productive authors in scientific research on terrestrial plastic
pollution. Based on our combined data from the Web of Science and Scopus databases,
18,797 authors have contributed to scholarly work on terrestrial plastic pollution, and only
200 of these papers are single-author. Research on terrestrial plastic pollution has largely
been collaborative. More than 610 authors have contributed to at least 10 publications, and
Matthias C. Rillig has the most publications, with 86. He is currently affiliated with Free
University Berlin, Germany, which is also ranked among the 20 most productive institu-
tions. Other top authors include Geissen, Violette; Jones, Davey L; Flury, Markus; and Yang,
Xiaomei, all from top-20-productive institutions and countries. The top 3 leading authors in
the field have predominantly focused on the ecological consequences of terrestrial plastic
pollution. For example, Matthias C. Rillig’s research has significantly advanced the un-
derstanding of how microplastics affect soil biodiversity, ecosystem processes, and overall
ecosystem functioning. Geissen, Violette, on the other hand, focuses on the environmental
risk assessment of plastic pollution, including soil degradation and land management for
sustainable agriculture, while Jones, Davey L., focuses largely on rhizosphere processes,
soil science, and contamination.

In addition, scholars affiliated with Chinese institutions occupied eight of the top
twenty author positions (8/20), followed by the Netherlands with four (4/20), and the
United States and Germany with three each (3/20). These countries’ prominence con-
tributed to their strong policy and research focus on terrestrial plastic pollution and sustain-
able agriculture. For example, China’s restrictions on plastic waste and single-use plastics,
implemented through the National Development and Reform Commission (NDRC), have
been accompanied by substantial investments in environmental research. Similarly, Ger-
many and the Netherlands have emerged as global leaders in plastic recycling technologies,
circular economy initiatives, and Extended Producer Responsibility (EPR) schemes, creating
a supportive environment for research on terrestrial plastic pollution.
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Table 4. Top 20 Most Prolific Authors.

Author Affiliation Article Country
Rillig, Matthias C. Free University Berlin 86 Germany
Geissen, Violette Wageningen University & Research 56 Netherland
Jones, Davey L Bangor University 53 UK
Flury, Markus Washington State University 44 USA
Yang, Xiaomei Wageningen University & Research 43 Netherlands
Guo, Xuetao Northwest A&F University, Yangling, China 43 China
Luo, Yongming Chinese Academy of Sciences 36 China
Miles, Carol Washington State University 35 USA
Lwanga, Esperanza Huerta Wageningen University & Research 35 Netherlands
Wang, Jie China Agricultural University 33 China
Hayes, Douglas G. University of Tennessee Knoxville 28 China
Yan, Changrong Chinese Academy of Agricultural Sciences 28 China
Li, Guanlin Jiangsu University 27 China
Laforsch, Christian University of Bayreuth 27 Germany
Nizzetto, Luca Norwegian Institute for Water Research 27 Norway
Du, Daolin Nanjing Agricultural University 25 China
Ok, Yong-Sik Korea University 25 Korea
Igbal, Babar Nanjing Agricultural University 23 China
Loder, Martin G. J. University of Bayreuth 23 Germany
van Emmerik, Tim H. M Delft University of Technology 22 Netherland
DeVetter, Lisa Wasko Washington State University 22 USA

Source: Author’s Own Works.

5.2. Productive Countries and Collaboration

Figures 5 and 6 depict the global distribution and collaboration in scientific research
on terrestrial plastic pollution. In Figure 5, varying shades indicate research intensity, with
darker colours signifying higher concentrations of research in specific countries or regions.
The connecting lines in Figure 6 show collaboration among countries, indicating that most
articles on terrestrial plastic pollution result from collaborative efforts by authors from
multiple countries. Table 5 further shows that of the total 7682 articles retrieved, Chinese
authors participated in 6021 articles, followed by India (1264), the USA (1177), Germany
(832), Italy (576), the UK (461), Spain (444), South Korea (393), Australia (366), and Canada
(278). Few connecting lines in the African region indicate less collaboration with African
authors, as shown in Figure 6. China’s participation in publications on terrestrial plastic
pollution increased from 10 in 2012 to over 1409 in 2020, then grew to 5252 and 6021 in 2025
and 2026, respectively; a similar pattern is also observed for the United States and most
European countries.

This pattern reflects developments in policies and regulations on plastic pollution,
particularly international cooperation on plastic waste management and research [81].
China’s influence in terrestrial plastic pollution research could be attributed to sustained
government investment in environmental and agricultural research through major funding
mechanisms, including the National Natural Science Foundation of China (NSFC) and the
National Key Research and Development Program of China [82,83]. Similarly, in the USA,
the National Science Foundation (NSF), an independent agency of the United States govern-
ment, has been supporting research on plastic pollution. The European Commission also
provides significant funding for publications on plastic pollution; this could help explain
the dominance and cooperation among these countries with similar funding patterns.

https://doi.org/10.3390 /microplastics5040201


https://doi.org/10.3390/microplastics5040201

Microplastics 2026, 5, 201

12 of 34

Country Scientific Production

Figure 5. Countries’ Production of Terrestrial Plastic Pollution. Source: Author’s Own Works.

Table 5. Top 20 Productive Countries.

Country Articles Total Citations Average Atrticle Citations
China 6021 122,664 42.80
India 1264 10,301 17.10
USA 1177 14,998 42.10

Germany 832 22,533 77.40
Italy 576 8603 32.30

UK 461 16,405 93.20
Spain 444 6582 34.80
South Korea 393 6012 36.90
Australia 366 5825 53.00
Canada 278 10,176 91.70
Netherlands 260 9668 98.70
Japan 242 3590 30.20
Brazil 227 2208 23.20
France 224 2542 32.20
Indonesia 187 721 7.80

Malaysia 182 1382 17.30

Pakistan 180 1522 26.70
Iran 175 3400 35.10

Poland 164 2169 25.80

Saudi Arabia 149 797 39.90

Source: Author’s Own Works.
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Figure 6. Country Collaboration Map. Source: Author’s Own Works.

5.3. Most Productive Institutions and Collaboration

Our data show that 18,797 scholars and 6292 institutions worldwide have researched
terrestrial plastic pollution. However, due to space limitations, Table 6 reports only the top
20 institutions. The Chinese Academy of Sciences ranks first with 609 articles, followed
by Washington State University and Wageningen University and Research with 163 and
162 publications, respectively. Among the top twenty institutes, Chinese universities domi-
nate, with 15 out of 20; two are from Germany, and one each from the USA, the Netherlands,
and France. This pattern is also consistent with the analysis of the top productive countries,
indicating that the most influential institutions on terrestrial plastic pollution come from
the top 20 most productive countries.

Figure 7 further illustrates the network relationships among the institutions; link
strength depends on node size, with larger nodes indicating higher collaboration with
other institutions. The figure shows that Chinese institutions, including the Chinese
Academy of Sciences, China Agricultural University, Northwest A&F University, South
China Agricultural University, and Nankai University, form more collaborations with
other institutions. Washington State University in the USA has ties with many institutions,
including the University of Tennessee, Knoxville, and the University of Tennessee system,
while Wageningen University and Research in the Netherlands has strengthened ties with
various Chinese universities. While China and the United States collaborate more with other
universities, the University of Bayreuth, Germany, on the other hand, collaborates more
with research institutes such as the Center National de la Recherche Scientifique (CNRS),
France; the Egyptian Knowledge Bank (EKB); the Helmholtz Association, Germany; and the
ETH Domain (Swiss Federal Institutes of Technology Domain), Switzerland. Lastly, some
institutes in Slovenia (University of Ljubljana) and Italy (University of Naples Federico
IT and University of Florence) appear to conduct research on terrestrial plastic pollution
internally, with less collaboration with other institutes.
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Table 6. Top 20 Productive Institutions.

Affiliation Articles Country

Chinese Academy of Sciences 609 China

Washington State University 163 United States
Wageningen University and Research 162 Netherlands

China Agricultural University 155 China

Northwest A&F University—China 146 China

South China Agricultural University 134 China
University of Bayreuth 130 Germany

Nankai University 117 China

East China Normal University 113 China

Northwest A&F University 112 China

Zhejiang University 108 China

Chinese Academy of Agricultural Sciences 107 China

Nanjing University 107 China

University of Chinese Academy of Sciences, CAS 107 China

University of Chinese Academy of Sciences 105 China

Centre National De La Recherche Scientifique (CNRS) 89 France
Free University of Berlin 83 Germany

Beijing Normal University 80 China

Xiamen University 79 China

Hainan University 73 China

Source: Author’s Own Works.

‘V'u‘} n ‘ "Bgl_ .
4 ; a0 e B
chinese academy,of scienges

Figure 7. Institution Collaboration Network. Source: Author’s Own Works.

6. Research Hotspot and Thematic Trend Analyses
6.1. Research Hotspot Analysis

Keywords play a key role in bibliometric studies by revealing research patterns, the-
matic focus areas, and potential knowledge gaps within a field [44,84]. To identify research
hotspots and thematic trends in terrestrial plastic pollution, we conducted keyword clus-
tering and word cloud analyses. Our keyword clustering analysis reveals the intellectual
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structure and thematic groupings of the literature on terrestrial plastic pollution, while the
word cloud highlights the most prominent topics based on keyword frequency. For the
word cloud analysis, we selected Keyword Plus as the input field and limited the number
of displayed words to 50. Figure 8 shows the results. High-frequency keywords represent
the major research hotspots within the terrestrial plastic pollution literature.
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Figure 8. Word Cloud Analysis of Terrestrial Plastic Pollution Research. Source: Author’s Own Works.

Excluding repeated singular and plural forms, the 10 most frequent keywords are
Microplastic (3587), Soil (2128), Plastic (1744), Polyethylene (1144), Soil Pollution (1096),
Biodegradation (1083), Environmental Monitoring (1010), Plastic Waste (955), Pollution
(867), and Toxicity (843). The prominence of keywords such as microplastic, soil, soil
pollution, and plastic waste indicates that current research primarily focuses on the occur-
rence, distribution, and ecological impacts of plastic contamination in terrestrial ecosystems.
Studies have documented the widespread accumulation of microplastics in agricultural
soils and highlighted implications for soil quality and ecosystem functioning [2,34]. The fre-
quency of toxicity-related keywords also reinforces growing concerns about microplastics’
adverse effects on soil organisms, ecosystem functioning, and agricultural productivity.
Experimental evidence suggests that microplastics can alter soil physical properties, affect
microbial communities, and influence plant growth and nutrient cycling [17,72].

Furthermore, the frequent appearance of polyethylene reflects growing concern about
the widespread use of plastic polymers in agricultural mulching, packaging, and con-
sumer products. Its identification as a major source of terrestrial plastic contamination
is well documented [85,86]. Lastly, keywords such as biodegradation and environmental
monitoring indicate growing research interest in mitigation strategies, waste management
approaches, and monitoring technologies for detecting and managing plastic pollution.
Recent studies have also emphasized the need for improved monitoring frameworks and
the development of biodegradable alternatives to conventional plastics to reduce environ-
mental impacts [65,87]. Overall, the keyword structure suggests that research on terrestrial
plastic pollution is increasingly focused on understanding the sources, environmental fate,

ecological consequences, and remediation of microplastic contamination in soil ecosys-
tems [88,89].
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6.2. Thematic Trend Analyses

Next, we conducted Thematic mapping to examine the conceptual structure and
evolution of research on terrestrial plastic pollution. Conventionally, themes are classified
by centrality (relevance) and density (development) and grouped into four quadrants:
motor themes, niche themes, emerging or declining themes, and basic themes. Motor
themes are research topics researchers have focused on consistently over an extended
period, while niche themes are specialized topics less connected to the broader field.
Emerging or declining themes, by contrast, are topics that are either gaining or losing
scholarly attention; basic themes are important to the field but remain underdeveloped.
Figure 9 presents the thematic map of research on terrestrial plastic pollution, detailed
in Table 7. Since 1989, research on terrestrial plastic pollution has primarily focused on
the first (motor themes) and third (emerging or declining themes) quadrants. Specifically,
the first and third quadrants each contain two thematic clusters.

toxicity
soil pollutant
soil pollutants

microplastics
microplastic
article

microplastic pollution
plastic pollution
water

.
E}

R e e e

Relevance degree
(Centrality)

Figure 9. Thematic Map of Terrestrial Plastic Pollution Research. Source: Author’s Own Works.

Motor Theme Analysis. As shown in Table 7, research on terrestrial plastic pollution
encompasses two primary thematic categories.

The first category, “Toxicity”, encompasses topics related to the ecological and biologi-
cal consequences of microplastic contamination in terrestrial ecosystems. Observably, this
thematic cluster can be grouped into three broad research areas. The first, soil microbial
communities and ecosystem functioning, focuses on microbial diversity, microbial activity,
metabolism, enzyme activity, and nutrient cycling. Research in this area often examines
how microplastics alter soil microorganisms and affect key ecosystem processes [12,15].
The second, plant-soil interactions, focuses on plant growth, photosynthesis, crops (e.g.,
maize), rhizosphere processes, and soil microbiota. Studies within this theme primarily
investigate the implications of microplastic contamination for plant performance, agricul-
tural productivity, and food security [72,90]. The third, ecotoxicological responses, focuses
on oxidative stress, gene expression, bioavailability, phytotoxicity, and metabolomics; re-
search in this area reflects growing efforts to elucidate the physiological and biochemical
mechanisms by which microplastics affect terrestrial organisms [17,91,92].
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Table 7. Interpretation of Research Theme Regarding Terrestrial Plastic Pollution.

Quadrant

Cluster

Quadrant I Motor
Themes

Toxicity, Soil Pollutant, Soil Pollutants, Microbial Community, Metabolism, Bacteria, Growth, Enzyme Activity, Drug Effect,
Oxidative Stress, Nitrogen, Carbon, Microbiology, Bacterium, Plant Growth, Polystyrenes, Soil Microbiology, Biomass, Soil
Microflora, Polystyrene Derivative, Environmental, Cadmium, Microbial Diversity, Nanoparticle, Polylactic Acid, Soil
Property, Microorganisms, Polyesters, Organic Carbon, Biochemistry, Microbiota, Catalase, Microbial Communities, Genetics,
Community Structure, Microflora, Plants (Botany), Earthworm, Photosynthesis, Superoxide Dismutase, Plant Root,
Development And Aging, Gene Expression, Physiology, Bioavailability, Phytotoxicity, Antioxidant, Phosphorus, Plant,
Proteobacteria, Reactive Oxygen Metabolite, Dna Extraction, Metabolomics, Soil Acidity, Rhizosphere, Microbial Activity,
Oligochaeta, Chlorophyll, Malonaldehyde, Rna 16s, Genes, Maize, Fungi, Soil Microorganism, Crops, Pollution Exposure, Soil
Moisture, Microbiome, Plant Leaf, Biodegradable Microplastics, Carbon Dioxide, Actinobacteria

Microplastics, Microplastic, Article, Soil, Plastic, Plastics, Nonhuman, Controlled Study, Plastic Waste, Polyethylene,
Biodegradation, Soil Pollution, Soils, Chemistry, Polymer, Degradation, Polystyrene, Particle Size, Agriculture, Fourier
Transform Infrared Spectroscopy, Ecosystem, Nanoplastics, Risk Assessment, Animals, Bioremediation, Adsorption,
Biodegradable Plastics, Ecosystems, Animal, Scanning Electron Microscopy, Biodegradable Plastic, Unclassified Drug,
Elastomers, Physical Chemistry, Nanoplastic, Bioaccumulation, Environmental Impact, Biodegradable Polymers, Polyester,
Biodegradability, Ph, Concentration (Parameter), Nanoparticles, Health Risks, Polyvinylchloride, Heavy Metal, Procedures,
Agricultural Soil, Heavy Metals, Concentration (Composition), Agricultural Soils, Environmental Risk, Agricultural Land,
Temperature, Pollutant, Environmental Factor, Mulch, Polyethylenes, Soil Analysis, Sustainable Development, Polyvinyl
Chlorides, Biofilm, Composting, Comparative Study, Fertilizers, Ecotoxicity, Ecotoxicology, Hydrophobicity, Starch, Surface
Property, Biochar, Metals, Morphology, Organic Matter, Terrestrial Ecosystems, Environmental Exposure, Oxidation, Animal
Experiment, Compost, Plastic Products, Remediation, Soil Health, Fertilizer, Aging, Cellulose, Films, Tensile Strength,
Additives, Biodiversity, Dissolved Organic Matter, Chlorine Compounds, Bioplastics, Environmental Pollutants, Principal
Component Analysis, Copper, Mass Spectrometry, Polyethylene Terephthalates, Terephthalate, Antibiotics

Quadrant III
Emerging Or
Declining Themes

Microplastic Pollution, Plastic Pollution, Water, Environmental Monitoring, Water Pollutant, Chemical, Water Pollutants,
Polypropylene, Human, China, Contamination, Sediment, Polyethylene Terephthalate, Marine Pollution, Waste Management,
Marine Environment, Water Pollution, Humans, Polypropylenes, Exposure, River Pollution, River, Aquatic Environment,
Plastic Pollutions, Polymers, Plastic Bottles, Quality Control, Human Health, Rivers, Extraction, Wastewater, Environmental
Pollution, Wastewater Treatment, Sewage, Waste Disposal, Aquatic Ecosystems, Climate Change, Plastics Waste, Chemical
Composition, Sludge, Sorption, Recycling, Spectroscopy, Polyamide, Geologic Sediments, Land Use, Landfill, Pollutant
Transport, Weathering, Food Chain, Terrestrial Environments, Particulate Matter, Raman Spectrometry, Surface
Water, Groundwater.

Thematic Label
Microplastics
Toxicity
Microplastic
Pollution
Pollution

Pollution, Sediments, Accumulation, Environment, Transport, Sea, Marine-Environment, Identification, Abundance, Plastic
Debris, Ingestion, Particles, Debris, Waste, Fate, Fresh-Water, Surface Waters, Impacts, Impact, Deposition, Fibers, Fish, Litter,
Organic-Matter

Source: Author’s Own Works.
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The second category, “Microplastics”, covers research on the occurrence, distribution,
and management of plastic contamination in terrestrial environments. This cluster includes
studies of microplastic sources and characteristics, such as plastic waste, polyethylene,
polymers, nanoplastics, and soil pollution. The keyword further indicates that a substantial
body of literature also addresses agricultural soils, soil health, biodiversity, and ecosystem
functioning, highlighting concerns about the accumulation of plastic residues in farming
systems [2,92]. Furthermore, keywords such as biodegradation, bioremediation, biodegrad-
able plastics, composting, and biochar indicate growing interest in developing sustainable
mitigation and remediation strategies for terrestrial plastic pollution [66,91,92].

Overall, the motor themes indicate that research on terrestrial plastic pollution has
progressed from documenting microplastics in soils to understanding their ecological
impacts, toxicological effects, and potential remediation pathways.

Emerging or Declining Theme Analysis.

The emerging or declining theme quadrant also comprises two major thematic clusters:
Microplastic Pollution and Pollution. The first category, “Microplastic Pollution,” encompasses
research on the occurrence and movement of plastic contaminants across environmental
compartments. This cluster includes topics such as water pollution, wastewater, sediments,
waste management, environmental monitoring, human exposure, and climate change.
The associated literature primarily examines the pathways by which microplastics are
transported between terrestrial and aquatic environments and their implications for envi-
ronmental quality and human health [40,77,93]. Keywords such as recycling, wastewater
treatment, and waste disposal also reflect growing interest in pollution management and
control strategies.

The second category, “Pollution,” focuses on the environmental fate and accumulation
of plastic debris. Cluster keywords include sediments, transport, deposition, ingestion,
freshwater systems, fish, litter, and organic matter. Studies in this cluster examine the
distribution and accumulation of plastic particles across environmental media and their
transfer through ecological systems, particularly aquatic food webs [63,94]. Terms such
as fate, impacts, and accumulation reflect ongoing efforts to understand the long-term
environmental consequences of plastic pollution.

Overall, the themes in this quadrant indicate that research on pollution pathways,
environmental transport, and contamination of aquatic systems remains important, but
with declining attention compared to studies examining the ecological and toxicological
effects of microplastics in soils. This pattern suggests a gradual shift in the field toward
understanding the biological consequences of terrestrial plastic pollution and toward
developing effective mitigation strategies.

6.3. Thematic Evolution of Terrestrial Plastic Pollution Research

Additionally, we conducted a thematic evolution analysis to examine shifts in research
focus over time. Figure 10 presents the thematic evolution of terrestrial plastic pollution
research across four periods: 1989-2010, 2011-2015, 2016-2020, and 2021-2026. The first
period captures the literature’s formative stage, while the subsequent intervals illustrate
the diversification and recent development of research themes. The connecting pathways
show continuity, transformation, and the emergence of themes across successive periods.

Figure 10 shows a shift in the scientific focus of terrestrial plastic pollution research.
From 1989 to 2010, research focused primarily on biodegradability, biodegradable plastics,
biodegradation, and biopolymers, reflecting an early emphasis on plastic degradation
and alternative materials. From 2011 to 2015, these themes persisted, but microplastics,
plasticulture, polyethylene, and soil temperature also emerged. This period marks a
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Figure 10. Thematic evolution of terrestrial plastic pollution research, 1989-2026.

The transition became more pronounced from 2016 to 2020; microplastics emerged
as a prominent theme alongside plastic pollution, mulching, adsorption, heavy metals,
and biodegradation. The development and convergence of these themes indicate growing
scientific interest in the occurrence, interactions, and environmental behaviour of plas-
tic contaminants. From 2021 to 2026, microplastics remained a dominant theme, while
nanoplastics emerged alongside plastic pollution and bioplastics, indicating a further shift
toward smaller plastic particles and their potential environmental implications.

Overall, the thematic trajectory shows a progression from biodegradation and alter-
native plastic materials to microplastic pollution and, more recently, nanoplastic contami-
nation. This evolution suggests that research on terrestrial plastic pollution has become
increasingly specialized, extending beyond conventional plastic waste to examine the
occurrence, behaviour, and impacts of smaller plastic particles in terrestrial environments.

7. African Plastic Policy Frameworks and Governance Gaps

So far, our bibliometric analysis shows that the leading contributors to research on
terrestrial plastic pollution, including countries, institutions, and authors, are predomi-
nantly from Asia, North America, and Europe. In contrast, participation by developing
countries, particularly African countries, remains relatively limited despite the continent’s
heavy reliance on agriculture and growing concerns about food insecurity. This imbalance
is significant given growing evidence that microplastic contamination affects agricultural
productivity and biodiversity through soil health. Against this background, we examine
how African plastic governance frameworks reflect the emerging scientific priorities iden-
tified in the bibliometric analysis. We assess whether frameworks traditionally focused
on conventional and visible plastic waste have expanded to address emerging concerns
related to microplastic contamination, terrestrial and soil pollution, the circular economy;,
and sustainable management. Table 8 presents the analyzed policy frameworks.
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Table 8. Top 20 Plastic Policies in African Countries.

Country Policy Name Year Source Policy Focus
African Union African Circular Economy 2024 https:/ /au.int/en/documents/20250910/ continental-circular- Circular economy and
Action Plan economy-action-plan-africa-2024-2034 (accessed on 11 June 2026) waste reduction
South Africa Extended Producer 2024 https:/ /www.gov.za/sites/default/files /gcis_document /202411 /515 Producer responsibility for
Responsibility Regulations 28gonb5534.pdf (accessed on 11 June 2026) packaging waste
Niceria National Policy on Plastic Waste 2025 https:/ /www.environment.gov.ng /download /national-policy-on- Plastic waste reduction
& Management plastic-waste-1-1/ (accessed on 11 June 2026) and recycling
Kenva Sustainable Waste 2022 https:/ /nema.go.ke/wp-content/uploads/2025/10/SWMA-2022.pdf Integrated waste and
Y Management Act (accessed on 11 June 2026) plastic management
Law No. 17/2019 on https:/ /www.environment.gov.rw /index.php?elD=dumpFile&t=f&f=
Rwanda . : . 2019 19730&token=6da067c9f27509131241b046ed0a7e2ea79b2baf (accessed on Ban on single-use plastics
Single-Use Plastics
11 June 2026)
National Plastics https:// rr.lestl.gov.g}.'l /wp-content/ uploa.ds /2021/02/Revised- Sustainable plastic
Ghana Management Poli 2020 National-Plastics-Management-Policy_-FINAL.pdf lifecvcle management
ahagement ToHcy (accessed on 11 June 2026) ceycie mahageme
. . Integrated waste management,
Egypt Waste Management Law No. 202 2020 https://www.fao.org/faolex/results/details/en/c/LEX-FAOC199134 plastic reduction, recycling, and
(accessed on 11 June 2026) .
circular economy
https: Ban on the manufacture, import
Morocco Law No. 77-15 on Plastic Bags 2016 // k.)eStpraCtlces_W.aSte-med'net/ preventlo'n—of—pl'a stllc-b‘ags—a-ban—on— export, marketing, and use of
single-use-plastic-bags-and-the-zero-mika-initiative-in-morocco/ lastic bags
(accessed on 11 June 2026) p &
. https:/ /www.epa.gov.et/images/PDF /Proc.N0%201383-2025%20
Ethiopia Solid Waste . 2025 Solid%20Waste%20Management%20and %20Disposal.pdf Waste management and
Management Proclamation pollution prevention
(accessed on 11 June 2026)
Tanzania Plastic Carrier Bags and Plastic 2022 https:/ /www.vpo.go.tz/uploads/files /291.pdf Plastic waste and
Bottle Cap Seals Regulation (accessed on 11 June 2026) environmental protection
. . https:/ /nema.go.ug/sites/all/themes/nema/docs/National %20
Uganda National Environment (Waste 2020 Environment%20(Waste%20Management)%20Regulations%20S.1.%2 Waste and

Management) Regulations

0No0.%2049%200£%202020.pdf (accessed on 11 June 2026)

pollution management
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Table 8. Cont.

Country Policy Name Year Source Policy Focus
National Solid Wast https:/ /www.parliament.gov.zm /sites/default/files/documents /acts/
Zambia Man N am ?1 ¢ Stra: ¢ 2018 The%20So0lid%20Waste%20Regulation%20and %20Management 720 Waste reduction and recycling
anageme 8y Act,%202018.pdf (accessed on 11 June 2026)
Env1r.onmental. Managemen‘t . Regulation of plastic packaging,
. (Plastic Packaging and Plastic https:/ /faolex.fao.org/docs/pdf/zim171720.pdf . .
Zimbabwe . 2010 plastic bottles, recycling and
Bottles) Regulations (accessed on 11 June 2026) waste prevention
(SI 98 of 2010) p
Was'te Management (P'lastlc . Prohibition of plastic carrier and
Botswana Carrier Bags and Plastic Flat 2018 https:/ /elaw.org/resource /bw_plasticlaws (accessed on 11 June 2026) flat bags
Bags Prohibition) Regulations &
. . https:
Namibia 1\1/\[1 a:llonarlnsiltlg t}/:taeste 2018 / /www.meft.gov.na/files/downloads/43e_NSWM%?20Strategy.pdf Wa:’;e drrrl;a?acghe?ent
anageme gy (accessed on 11 June 2026) yeims
Law No. 2020-04 on htps:
Senegal °: N 2020 / /www.au-senegal.com/IMG/pdf/loi-plastique-senegal-2020-04.pdf ~ Restriction of single-use plastics
Plastic Products
(accessed on 11 June 2026)
https:/ /www.observatorioplastico.com/ficheros/legislacion /10413261
Cote d'Ivoire Plastic Bag Ban Law 2014 BINTERDICTION_DE_LA_PRODUCTION_DE_SACHET_ Plastic bag prohibition
PLASTIQUE.pdf (accessed on 11 June 2026)
Joint Order Regulatin https:/ /minepded.gov.cm/wp-content/uploads/2020/01/ Arr%C3
Cameroon o O o i 2014 %A At%C3%A9-conjoint-N%C2%B0004-MINEPDED- Plastic packaging regulation
& gmg MINCOMMERCE-du-24-octobre-2012.pdf (accessed on 11 June 2026)
Waste Management https:/ /bet-khatraoui-abdessamie.com/wp-content/uploads/2025/0
Algeria Aa;en dfn angteL f/v 2025 2/Loi-25-02-modifiant-et-completant-la-loi-01-19-relative-a-la-gestion- Plastic waste reduction
¢ entta des-dechets.pdf (accessed on 11 June 2026)
Environment Protection (Control https:/ /police.govmu.org/police/ wp-content/uploads /2021 /06 /
Mauritius of Single-Use Plastic Products) 2020 Gazetted-Environment-Protection-Control-of-single-use-plastic- Single-use plastic ban

Regulations

products-Regulations-2020.pdf (accessed on 11 June 2026)
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Table 8. Cont.

Country Policy Name Year Source Policy Focus
N Government Pecree 1\.10.. 2020-32 https://www.lois.tn/doc/458072utm_source I?roh1b1t10n and regulatlor} of
Tunisia Regulating Prohibited 2020 single-use and non-compliant
: (accessed on 4 August 2026) .
Plastic Bags plastic bags
. Law No. 2017-39 on ) . . Prohibition and regulation of
Benin Non-Biodegradable Plastic Bags 2017 https:/ /sgg.gouv.bj/doc/10i-2017-39/ (accessed on 4 August 2026) non-biodegradable plastic bags
https:/ /www.assembleenationale.bf/storage/Loi/vsKCQx552 Regulation and prohibition of
Burkina-Faso Law N 0. 045 2.024/ALT on 2024 INWUS4mkV4wBdTeSZLIIRpUsdF5zV7y.pdf (accessed on single-use plastic packaging
Plastic Packaging and Bags
4 August 2026) and bags
. Regulation of plastic bag
. Decree No. 16/2015-Regulation https:/ /faolex.fao.org/docs/pdf/moz148141.pdf (accessed on production, importation,
Mozambique on the Management and Control 2015 o
. 4 August 2026) commercialization, use
of Plastic Bags .
and disposal
Madagascar Decree No. 2017-010 on Plastic 2017 https:/ /faolex.fao.org/docs/pdf/Mad166163.pdf (accessed on Prohibition and regulation of
& Bags and Sacks 4 August 2026) plastic bags and sacks
Interministerial Order No.
001/CAB/MIN/PME/2012 and s .
DR Coneo No. 2013 https:/ /faolex.fao.org/docs/pdf/cng133314.pdf (accessed on Prombltl::;’n fcgriler;l% 2?(1 waste
8% 003/CAB/MIN/ECO&COM/2012 4 August 2026) o bl asin
on Non-Biodegradable & P 1ng
Packaging
Decree No. 2011-003/PR on the . Regulation, collection, recycling
Togo Management of Plastic Bags 2010 https://faolex.fao.org/docs/pdf/tog143632.pdf (accessed on and management of plastic bags

and Packaging

4 August 2026)

and packaging
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Table 8. Cont.

Country Policy Name Year Source Policy Focus
Law No. 2014-024 on https:/ /nicholasinstitute.duke.edu/sites /default/files /plastics- Prohlbilﬁlorz);)tfa’f[}i\snp;ﬁjuctlon,
Mali . ) ) 2014 policies/2419_TR_Final_Mali%202014%20plastic%20bag%20ban.pdf p e
Non-Biodegradable Plastic Bags (accessed on 4 August 2026) commercialization of
& non-biodegradable plastic bags
Environment Protection
(Restrlgtlon on the . https:/ /faolex.fao.org/docs/pdf/sey190024.pdf (accessed on P.rOhlbltlo.n of the mangfacture,
Seychelles Manufacturing, Importation, 2019 4 August 2026) importation, distribution and
Distribution and Sale of Plastic & sale of plastic straws
Straws) Regulations
Prohibition of the importation
Order No. 2016-284/PRE on ) .. and commercialization of
Djibouti Non-Biodegradable Plastic Bags 2016 https://faclex-fao.org/docs/pdf/dji155756.pdf (accessed on non-biodegradable plastic bags

and Packaging

4 August 2026)

and packaging not
produced domestically

Source: Author’s Own Works.
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The selected policy documents in Table 8 underwent qualitative content analysis
using a systematic comparison framework based on six predefined dimensions: plastic
regulation, microplastic contamination, terrestrial /soil focus, enforcement mechanisms,
circular economy, and sustainable management. These dimensions were informed by
the major environmental and governance themes identified in the bibliometric analysis.
For each dimension, a policy was classified as Addressed if explicit provisions or measures
were identified, Partially Addressed if coverage was indirect or limited, and Not Addressed
if no relevant provision was identified. We assessed enforcement separately based on
the presence and strength of legally binding obligations, penalties, and implementation
mechanisms. Applying consistent criteria across the 30 policy documents provides a
systematic basis for comparing policy responses and identifying alignment and disconnects
with emerging scientific priorities. Table 9 presents the results.

Table 9 indicates that African plastic governance focuses more on conventional plastic
regulation, the circular economy, and sustainable waste management, though the scope of
interventions varies widely across countries. Ghana, Nigeria, Kenya, South Africa, Uganda,
Algeria, and Ethiopia adopt relatively broad approaches that combine waste reduction,
recycling, producer responsibility, and sustainable waste management. Togo and DR Congo
also incorporate recycling and waste-management responsibilities, with Togo providing
comparatively extensive provisions for collecting, reusing, recovering, and recycling plastic
packaging. Algeria’s recent framework, for example, explicitly incorporates extended
producer responsibility (EPR), eco-design, and circular economy principles, while Uganda
combines plastic-waste controls with lifecycle producer responsibility, resource efficiency,
and take-back arrangements. Ghana similarly integrates plastic reduction, recycling, EPR,
research, and circular economy principles into its national plastics policy. By contrast,
Rwanda, Morocco, Tanzania, Botswana, Céte d'Ivoire, and Mauritius rely more heavily on
bans or restrictions targeting plastic bags and other single-use plastic products. Tunisia,
Benin, Burkina Faso, Mozambique, Madagascar, Mali, Seychelles, and Djibouti similarly
rely primarily on product-specific restrictions or prohibitions, although some complement
these measures with recycling, reuse, or waste-management provisions. These differences
suggest a gradual transition in some countries from product-specific controls toward more
comprehensive lifecycle approaches to plastic governance.

Enforcement also varies across the reviewed frameworks. Several national laws and reg-
ulations, including those of Rwanda, Tanzania, Ethiopia, Senegal, Botswana, Zimbabwe, and
Mauritius, as well as Tunisia, Benin, Burkina Faso, Mozambique, Madagascar, DR Congo,
Togo, Mali, and Seychelles, contain binding prohibitions enforced through fines, confis-
cation, imprisonment, license-related sanctions, or designated enforcement institutions.
Djibouti also establishes a binding prohibition and assigns implementation responsibilities
to designated ministries, but its framework includes comparatively weak enforcement
provisions because the reviewed instrument stipulates no specific penalties. At the regional
level, however, the African Union framework is non-binding and depends substantially
on implementation by member states. Importantly, strong formal enforcement provisions
should not be interpreted as evidence of equally effective implementation in practice,
because the assessment captures the enforcement mechanisms contained in the policy
documents rather than observed compliance outcomes.
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Table 9. Assessment of African Plastic Policy Frameworks.
Country . PlastiF Microplastics Terrestrial/Soil Enforcement Circular Sustainable
egulation Focus Economy Management
African Union =~ Addressed AI;a(;:ieigZ d AI::liﬁiezlle d Not-Binding Addressed Addressed
South Africa Addressed A ddNrs;se q A ddNrg:se d Strong Addressed Addressed
Nigeria Addressed Addressed AI;EE:EZISIZ d Strong Addressed Addressed
Kenya Addressed A déj(e);se d Addressed Strong Addressed Addressed
Rwanda Addressed Aljjﬁ:;lslz d A%j;jeasgz d Strong AIleiasls}z d Addressed
Ghana Addressed Addressed Addressed Moderate Addressed Addressed
Egypt Addressed A d(lzl\rke);se d Azﬁiiezlslz d Strong Addressed Addressed
Morocco Addressed A ddNrs;se d Aiﬁiasgg d Strong Aiﬁiigz d Addressed
Ethiopia Addressed A dcli\rlg:se d AI;zgizlle d Strong Addressed Addressed
Tanzania Addressed A ddNr(e);se d AIZij;ieilslz d Strong Aiﬁ;i;;lslz d Addressed
Uganda Addressed A ddNrZ;se d AI;EEEZI;Z d Strong Addressed Addressed
Zambia Aljij;ieaslslz d A d(li\rlggse d Alziﬁiezlslz d Strong Addressed Addressed
Zimbabwe Addressed A dil\lrs;se d AIZEE;I;Z d Strong Addressed Addressed
Botswana  Addressed 00y aact Strong Addvesed  Adressud
Namibia Addressed A d(lzl\rt):se d AI():lacﬁiezlslz d Strong Addressed Addressed
Senegal Addressed Alzj;ieigz d AIZE;ZEE d Strong Addressed Addressed
Coéte d'Ivoire Addressed A ddNrg;se d AI;EEEZISIZ d Strong AI(Jizgi;lsle}: d Addressed
Cameroon Addressed A dcll\rke):se d AI;EEEZISIZ d Strong Addressed Addressed
Algeria Addressed A d(li\lrgzse d A%j;iasliz d Strong Addressed Addressed
Mauritius Addressed A d(li\rlg;se d A ddNrg;cse d Strong Alzijiaslslg d Addressed
Tunisia Addressed Alziﬁﬁieaslsz d A ddNr:se d Strong AI;a;EZISIZ d Addressed
Benin Addressed Aljzlég:ezlslz d AI;j;ieasgz d Strong Addressed Addressed
Burkina Faso Addressed Aljjj:ieaslslz d Aljiﬁ;iezlslz d Strong Alj:lﬁ;iezlslg d Addressed
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Country . PlastiF Microplastics Terrestrial/Soil Enforcement Circular Sustainable

egulation Focus Economy Management
Mozambique Addressed A d(lfl\rT::se d Ailﬁ;iezlslz d Strong AI;a;izlle d Addressed
Madagascar Addressed A dcll\lrg;se d Addressed Strong Aij;iezl;z d Addressed
DR Congo Addressed A d(li\lg;se d A ddNrg;se d Strong Addressed Addressed
Togo Addressed A déj(e);se d AI;j;iezlslz d Strong Addressed Addressed
Mali Addressed  , 110 1 Addressed Strong Addressed  Aduressed
Seychelles Addressed Ad(li\rTg;sed AddNr(e);csed Strong AddNrgzsed Aljia(;:ieaslslzd
Diibouti  Addressed 40l i pddressed Weak Addressed  Addressnd

Source: Author’s Own Works.

Despite these regulatory advances, microplastic contamination and terrestrial soil
pollution remain underrepresented in African plastic governance. Ghana is a notable ex-
ception, explicitly recognizing micro- and nanoplastics, terrestrial contamination, and risks
to soil, groundwater, agriculture, and food webs. Rwanda and Senegal also acknowledge
that certain plastics fragment into smaller, persistent particles, while Tunisia indirectly
addresses fragmentation through restrictions on oxo-degradable and oxo-fragmentable
plastic bags, and Benin recognizes different degradable and fragmentable plastic categories.
However, these provisions do not establish comprehensive microplastic regulatory frame-
works. In contrast, the reviewed frameworks for Ethiopia, Uganda, Zambia, Zimbabwe,
Botswana, Algeria, and Mauritius, as well as Burkina Faso, Mozambique, Madagascar,
DR Congo, Togo, Mali, Seychelles, and Djibouti, contain no explicit microplastic provisions.
Terrestrial concerns are somewhat more visible: Tanzania recognizes agricultural plastic
applications such as mulching and irrigation; Uganda addresses contaminated soil within
its broader waste regulations; and Namibia addresses illegal dumping and the rehabili-
tation of disposal sites. Madagascar explicitly recognizes the adverse impacts of plastic
bags on soil, while Benin, Burkina Faso, Mozambique, and Togo provide partial terrestrial
coverage through provisions addressing rural environments, dumping, burial, agricultural
uses, or broader environmental impacts. Nevertheless, these provisions generally stop
short of regulating plastic accumulation, microplastic contamination, or ecological effects
in agricultural soils. Overall, policy emphasis remains substantially stronger on plastic
products and visible waste than on their environmental fate in terrestrial ecosystems.

To further assess whether these policy priorities align with the scientific evidence
identified in the bibliometric analysis, we compare the major research themes with the
policy responses observed across the reviewed African frameworks in Table 10, identifying
areas of science—policy alignment and disconnect.
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Table 10. Science-Policy Alignment in Terrestrial Plastic Pollution Governance in Africa.

ientific/Poli Evi f . . .
SC;;?;e;/Sig;cy Biblizﬁ:tr;: 1:1(1):11ysis African Policy Response Alignment Key Governance Gap
. . Widely addressed through Policies remain
. Plastic waste and pollution . )
Plastic waste . . plastic bans, waste-management . predominantly focused
. are established themes in L High .
and pollution . . laws, product restrictions, and on conventional and
terrestrial plastic research . . X
pollution-control measures visible plastic waste
Explicit treatment remains Lack of
. . Microplastics are a major and limited; a few frameworks microplastic-specific
Microplastic . . P . .
. rapidly developing indirectly recognize Low definitions, standards,
contamination . . .
research focus fragmentation or emerging monitoring, and
microplastic concerns regulatory measures
Mostly addressed indirectly
Terrestrial/soil Soil pollution and terrestrial ~ through general waste disposal, Limited plastic-specific
A accumulation are prominent littering, contaminated-land or Partial soil protection and
contamination

research themes

environmental-protection
provisions

contamination standards

Research increasingly

Agricultural and examines agricultural

Agricultural plastics and

Weak integration of
agricultural plastic

agroecosystem plastics, soil-plant agricultural land receive limited Low contamination, soil
impacts interactions and implications explicit regulatory attention health and
for ecosystem functioning agroecosystem risks
Toxicity, biodiversity and . Limited translation of
. . Generally incorporated only . . -
Ecological effects ecological effects feature . . ecotoxicological evidence
.. . ) through broad environmental- Partial . . "
and toxicity prominently in the . A into plastic-specific
e 1 protection objectives
scientific literature regulatory measures
Detection, occurrence . s .
. ! ! Waste monitoring exists in Lack of standardized
. environmental fate and s .
Environmental L. . several frameworks, but soil /microplastic
- monitoring are important . . . . Low R
monitoring . dedicated terrestrial microplastic monitoring systems,
components of terrestrial . Lol
. monitoring is largely absent indicators and thresholds
plastic research
. Product restrictions are
Source reduction and .
. . . . Strongly represented through rarely linked to
Plastic reduction plastic-waste prevention s . .
. . bans, restrictions and controls on High downstream terrestrial
and prevention remain relevant research and . . L
single-use plastic products contamination
management themes o
monitoring
Recycling, biodegradation Greater emphasis on
yeumg, & ’ Frequently addressed through X P
. waste recovery and . material recovery than
Recycling and . . recycling, EPR, reuse, recovery, . . .
. sustainable plastic . . High prevention of plastic
circular economy . alternative materials and L
management are established . accumulation in
circular-economy measures .
research themes terrestrial ecosystems
. . Formal enforcement
. . Most national instruments .
Effective governance is S, provisions do not
. . contain binding regulatory - -
Enforcement and important for translating L. Lo Lo . necessarily establish
. R provisions, institutional Partial . )
compliance pollution-control measures oo . microplastic- or
. . responsibilities and /or penalties, . oo .
into environmental outcomes : . soil-specific compliance
although policy strategies vary -
requirements
Scientific evidence Sustainable waste management Existing approaches
. . increasingly supports is widely incorporated, rarely integrate the full
Sustainable plastic . &' subp . y P . . ymnes
lifecycle approaches to particularly through prevention, High environmental fate of
management

reducing terrestrial
plastic risks

collection, recycling and
responsible disposal

plastics and microplastics
in terrestrial ecosystems

Note: Alignment indicates the extent to which the policy frameworks reviewed reflect the major
scientific themes identified in the bibliometric analysis. High indicates substantial correspondence;
Partial indicates some relevant provisions but incomplete incorporation of the scientific issue; and
Low indicates limited or no explicit policy response.
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The results indicate stronger science—policy alignment across plastic waste reduction,
recycling, the circular economy, and sustainable waste management. Product restrictions in
Rwanda, Morocco, Tanzania, Botswana, Cote d'Ivoire, Senegal, and Mauritius, as well as in
Tunisia, Benin, Burkina Faso, Mozambique, Madagascar, Mali, Seychelles, and Djibouti,
demonstrate substantial policy attention to preventing problematic plastics from entering
the environment. Ghana, Uganda, Algeria, Ethiopia, and other broader frameworks
increasingly incorporate recycling, EPR, take-back systems, resource efficiency, or circular
economy principles. Togo similarly incorporates collection, reuse, recovery, and recycling,
while DR Congo combines restrictions on non-biodegradable packaging with recycling
and waste-management responsibilities. Thus, the science—policy disconnect identified in
this study does not imply an absence of plastic governance in Africa. Instead, it reflects
differences in the focus and pace of scientific and regulatory development.

The clearest disconnect concerns microplastic contamination. The bibliometric analysis
identifies microplastics as a major and expanding research theme, alongside soil pollution,
toxicity, environmental monitoring, and ecological effects. Yet explicit regulatory treatment
remains uncommon. Ghana recognizes microplastics and their potential terrestrial and
food-web implications, while Rwanda and Senegal acknowledge plastic fragmentation into
small, persistent particles. Tunisia also indirectly addresses fragmentation by prohibiting
oxo-degradable and oxo-fragmentable plastic bags, while Benin recognizes degradable
and fragmentable plastic categories. However, these relatively advanced frameworks do
not establish comprehensive microplastic-specific standards, environmental thresholds,
or systematic soil-monitoring requirements. In many other countries, including Algeria,
Burkina Faso, Mozambique, Madagascar, DR Congo, Togo, Mali, Seychelles, and Djibouti,
microplastics remain absent from the regulatory framework, with Algeria being particularly
notable despite its recent 2025 waste-law reform. This suggests that regulatory moderniza-
tion in conventional waste management and circularity has progressed more rapidly than
governance of emerging microplastic risks.

A similar disconnect exists in soil and agricultural systems. Tanzania explicitly recog-
nizes plastics used for mulching, greenhouses, reservoirs, and irrigation; Uganda includes
provisions addressing contaminated soil; and Namibia addresses land-based dumping and
site rehabilitation. Céte d'Ivoire regulates plastic disposal in urban and rural environments
but exempts certain agricultural applications, whereas Mauritius’s single-use plastic regula-
tion contains no substantive terrestrial or soil-specific provisions. Madagascar also provides
comparatively explicit terrestrial recognition by identifying adverse impacts of plastic bags
on soil, while Benin, Burkina Faso, Mozambique, and Togo provide limited terrestrial
coverage through provisions concerning rural environments, dumping or burial, agricul-
tural uses, or broader environmental impacts. By contrast, DR Congo, Mali, Seychelles,
and Djibouti contain no substantive soil- or terrestrial-specific provisions in the reviewed
instruments. These examples show that African policy does not entirely exclude terrestrial
environments; instead, it generally addresses them through waste disposal, litter control,
contaminated-land management, or product regulation. This contrasts with the scientific
literature, which increasingly examines plastic accumulation in soils, soil-plant interactions,
agricultural productivity, toxicity, biodiversity, and broader ecosystem functioning.

Overall, country evidence suggests a shift from product-specific and end-of-life waste
controls toward more integrated lifecycle governance. Ghana'’s national policy, Algeria’s
incorporation of eco-design and EPR, Uganda’s lifecycle producer responsibility, Namibia’s
circular-economy orientation, and Ethiopia’s EPR and single-use plastic controls illustrate
this trend. Togo’s collection, reuse, recovery, and recycling requirements and DR Congo’s
recycling and waste-management responsibilities further support this transition, while the
predominantly product-specific approaches in Mali, Seychelles, Djibouti, and several other
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countries show that this transition remains uneven across the continent. However, these ad-
vances have not consistently been accompanied by measures addressing the environmental
fate and accumulation of plastics in terrestrial ecosystems. Bridging this science—policy gap
therefore requires integrating microplastic monitoring, soil protection, agricultural plastic
management, ecological risk assessment, and science-based contamination standards into
national and regional plastic governance frameworks.

8. Conclusions

The study presents a comprehensive bibliometric and policy analysis of terrestrial
plastic pollution research published in Scopus and Web of Science from 1989 to 2026.
The analysis includes 7682 publications by 18,797 researchers, affiliated with 6292 in-
stitutions across 114 countries, generating 301,445 citations. Research output increased
substantially after 2018, reflecting growing scientific concern about plastic contamination
in terrestrial ecosystems. Science of the Total Environment, Journal of Hazardous Materials,
and Environmental Pollution are the most influential outlets, highlighting the field’s strong
environmental and interdisciplinary orientation.

Research productivity remains geographically concentrated, with China, India, and
the United States leading global publication output. China is particularly dominant institu-
tionally, accounting for 15 of the 20 most productive institutions, and the Chinese Academy
of Sciences ranks first globally. This concentration reflects differences in research investment,
laboratory and analytical capacity, environmental research priorities, and established scien-
tific networks. The collaboration analysis similarly reveals strong linkages among China,
the United States, and European countries, but comparatively limited collaboration with
developing countries, particularly in Africa. Strengthening research capacity and inter-
national collaboration in underrepresented regions is therefore important for generating
locally relevant evidence on terrestrial plastic pollution.

The field’s intellectual development shows a significant shift from conventional plastic
waste to microplastics, soil pollution, biodegradation, environmental monitoring, toxicity,
and ecological impacts. Keyword and thematic analyses indicate growing scientific atten-
tion to the occurrence, transport, accumulation, and environmental fate of microplastics,
as well as their effects on soil properties, biological processes, and agricultural systems.
These developments demonstrate that terrestrial plastic pollution is increasingly under-
stood not merely as a waste-management problem but as a broader challenge to soil health,
ecosystem functioning, agricultural sustainability, and food security.

However, the policy analysis reveals that regulatory development in Africa has not
progressed at the same pace and in the same direction as the scientific evidence. While the
reviewed frameworks demonstrate substantial progress in plastic regulation, single-use
plastic restrictions, recycling, extended producer responsibility, circular economy, and
sustainable waste management, explicit provisions addressing microplastic contamination
and terrestrial soil risks remain limited. The science—policy disconnect therefore reflects
not an absence of plastic governance, but a difference in the focus and pace of scientific and
regulatory development: research increasingly addresses less visible (microplastic) and
more complex terrestrial risks, whereas policy remains predominantly oriented toward
plastic products, visible waste, recycling, and disposal.

Therefore, bridging this gap requires policy actions that go beyond managing visible
plastic waste. First, national environmental agencies can integrate routine microplastic
monitoring in agricultural soils and other vulnerable terrestrial environments into existing
environmental monitoring systems, supported by standardized sampling and reporting
protocols. Second, future updates to plastic and waste regulations should explicitly address
agricultural plastics, including collection and take-back requirements for mulch films, irriga-
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tion materials, and other farm plastics, through extended producer responsibility schemes.
Third, environmental and agricultural authorities can jointly develop soil-protection stan-
dards, ecological risk-assessment procedures, and national databases on terrestrial plastic
contamination. Where binding plastic regulations already exist, implementation needs
stronger resourcing for regulatory institutions, compliance monitoring, inspections, and
transparent enforcement indicators. At the regional level, the African Union and regional
institutions can facilitate harmonized monitoring standards, technical capacity building,
cross-country data sharing, and periodic policy reviews to ensure that emerging scientific
evidence is incorporated into plastic governance.

9. Limitations and Future Research

This study limited the bibliometric analysis to Scopus and Web of Science data, which
may underrepresent relevant studies indexed elsewhere, particularly those from developing
countries. Second, the policy analysis covers a purposively selected sample of 30 African
policy frameworks and assesses formal policy provisions rather than their actual imple-
mentation and enforcement. Although we use predefined criteria, policy classification also
involves some qualitative judgment. Therefore, future research can broaden geographical
and regulatory coverage, empirically assess policy implementation and enforcement, and
integrate policy analysis with field-based evidence on terrestrial microplastic contamina-
tion and agricultural impacts. Longitudinal studies could further examine how emerging
scientific evidence is translated into policy reforms over time.
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