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Introduction: Plastic waste in freshwater ecosystems is increasingly recognized
as an economic, ecological, and environmental problem with potential health
consequences. This article shares the results of a project to train local
stakeholders to collect debris in their communities using scientific methods,
then share the results with policymakers.

Methods: Workshops were held in Uganda, Indonesia, and the United States in
the spring of 2022. This article presents baseline data from collections on the
Aturukuku River in Uganda, the Ayung River in Indonesia, and the Connecticut
River in the United States as well as survey results measuring participant
attitudes, behaviors, and their perceptions around plastic waste and policy.
Surveying participants sheds light on the nuances of perception of the problem
and policies to combat pollution at each locale.

Results: We found deposited debris at each riverbank location: Aturukuku River,
0.45 pieces/m2 of which 89.4% was plastic; Ayung River, 7.62 pieces/m2 of
which 91.1% was plastic, and the Connecticut River 0.29 pieces/m2 of which
63% was plastic. Environmental attitudes and behaviors were comparable
among countries. Participants in all three countries expect plastic will be the
most frequently found material.

Discussion: In all cases, perceptions about the kind of debris in their
communities corresponds well with collection results. Perceptions around
policy solutions included a wide range of solutions, though countries
differed in whether solutions addressed the source or the symptoms of the
problem; solutions focused more on waste management in Uganda and
Indonesia.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.1081208/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.1081208&domain=pdf&date_stamp=2023-01-04
mailto:kowens@hartford.edu
mailto:kowens@hartford.edu
https://doi.org/10.3389/fenvs.2022.1081208
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.1081208

Owens et al.

KEYWORDS

10.3389/fenvs.2022.1081208

plastic, freshwater, Uganda, Indonesia, United States, perception, policy, content

analysis

Introduction

Researchers recognize plastic waste as a threat to water
resources (Teuten et al., 2009; Lechner et al., 2014; Jambeck
et al., 2015; Baldwin et al., 2016; Alshawafi et al., 2017; Blettler
et al., 2017; Cable et al., 2017; Blettler et al., 2018; van Emmerik
et al., 2019a; Battulga et al., 2019; Blettler and Wantzen 2019;
Castro-Jiménez et al., 2019; Azevedo-Santos et al., 2021).
Decades of research on the topic of what was initially called
‘marine debris’” indicates that it has a significant negative impact
on ecosystems (Barnes et al, 2009; Teuten et al, 2009
Nkwachukwu et al., 2013; Rochman et al., 2016), wildlife
(Ryan 1989; Laist 1997; Kuhn et al.,, 2015; Reynolds and Ryan
2018), and economies (Mcllgorm et al., 2011; Newman et al.,
2015). Plastics, often the most frequently found item in cleanups,
have been found in human blood (Leslie et al., 2022), meconium
and placenta (Braun et al., 2021), and human lung tissue (Amato-
Lourenco et al, 2021). While the potential health impacts for
humans are poorly understood, it is clear that plastic pollution
significantly impacts life on Earth. This research builds
knowledge of freshwater macro plastic pollution through first
analyses of the Aturukuku River in Uganda, the Ayung River in
Indonesia, and the Connecticut River in the United States. These
rivers are valuable culturally and socially. In Indonesia, the
Ayung River is the longest river on Bali island, which is called
“The Island of Gods” because of its high value in religious and
cultural matters. This river which flows across the island, holds
specific cultural, agricultural, and tourism importance for the
locals. The river Aturukuku in Tororo, is one of the few existing
small riverine ecosystems in Eastern Uganda, and is currently an
important resource supporting local fisheries, harvesting of craft
materials, crop irrigation, and livestock rearing by the riparian
communities, especially the rural poor and those who are
ecosystem dependent. In the United States, the Connecticut
river is the New England region’s longest river and notable as
an American Heritage River, a designation that recognizes its
importance for nature, the economy, agriculture, history, culture,
and recreation. Taking an interdisciplinary approach, we seek to
better understand debris density at these sites as well as the
perceptions of workshop participants around debris and policy.

Why freshwater and macro plastics?

Experts note the relative dearth of studies on freshwater
plastic pollution when compared to research on marine
environments (Sigler 2014; Blettler et al., 2017; Sruthy and
Ramasamy 2017; Vincent and Hoellein 2017; Blettler et al,
2018; Reynolds and Ryan 2018; van Emmerik et al., 2019a;
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Blettler and Wantzen 2019; van Emmerik et al., 2019b; van
Calcar and van Emmerik 2019; van Emmerik and Schwarz
2020; Meijer et al., 2021). Researchers have understood for
some time that rivers may serve as a pathway connecting
litter from land-based communities to marine environments
(Jambeck et al., 2015; Lebreton et al., 2017; Schmidt et al.,
2017). But rivers are not simply a mode of transferring debris,
they are also deposition sites that hold plastic over years or
decades as it degrades (McCormick and Hoellein 2016; Blettler
and Wantzen 2019).

Several studies estimate plastics accumulation by combining
variables including (high) population density, (lack of) waste
infrastructure, and hydrological modeling (e.g., Jambeck et al.,
2015; Lebreton et al., 2017; Schmidt et al., 2017). Lebreton et al.
(2017) predict that the twenty most-polluting rivers exist in Asia
(fifteen rivers: 75%), Africa (three rivers: 15%), and South
America (two rivers: 10%). Further investigations of river
systems may shed light on the so-called ‘missing’ plastic
problem, or the difference between known plastic inputs
compared to outputs in the environment (Cozar et al., 2014;
Schmidt et al., 2017; Willis et al., 2017). Researchers point to the
importance of assessing river debris (in water, sediment, and
shorelines) to fully understand debris flows, better justifying
these estimates through field observations (Gasperi et al,
2014; Lechner et al., 2014; Blettler and Wantzen 2019; Castro-
Jiménez et al., 2019; Mihai et al., 2022). Several scientists
recommend research emphasizing coastal regions with high
population density (Vince and Hardesty 2017; Jambeck et al.,
2018). Blettler et al. (2018) promote research on the world’s most
polluted rivers, namely in places that feature both quickly
developing economic systems and a lack of waste
management. Blettler and Wantzen (2019) suggest a focus on
macro debris originating as “mismanaged' household solid
waste;” they note that the scholarly emphasis on micro-
plastics is an export from the global North to the global
South: scientific imperialism that does not focus on the core
local problem (p. 1). Not only is macro debris important to study
for its emphasis on local context, Willis et al. (2017) note that
land-based interventions at the local level will be more successful

at preventing debris from entering the ocean at all. As such, more

1 While the term ‘'mismanaged waste’ is a regular feature in the literature,
we take issue with the idea that the plastic pollution found in global
waterways is merely "mismanaged.” This term implies that under
different waste management conditions, the problem would be
solved. Instead, under the best waste management, plastic is burned
or buried: both are detrimental to the environment. Even eell-managed
waste systems cannot address the core problem: that single use
plastics were designed to be used once and thrown ‘away.’
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data on macro debris in freshwater systems is critical to
understanding how plastic pollution harms freshwater and

marine systems.

River debris studies in Uganda

Sadan and De Kock (2021) write that without intervention,
both the production and the consumption of plastic will increase
not only in Africa but across the globe in the coming decade. The
African rivers included in the top twenty of Lebreton et al’s
(2017) list are the Cross River in Nigeria and Cameroon, the Imo
in Nigeria, and the Kwa Ibo, also in Nigeria. Nigeria is the most
populous country in Africa (with 225 million inhabitants) and
the sixth most populous country worldwide (CIA 2022). The
population density of Nigeria was 232 persons per square
kilometer in 2021 (World Bank 2022). In comparison, Uganda
has far fewer inhabitants (46.2 million) and a comparably high
population density (235 individuals per square kilometer) (CIA
2022; World Bank 2022). No rivers in Uganda are included in
Lebreton et al.’s (2017) list.

In a systematic literature review, Akindele and Alimba (2021)
analyze fifty-nine plastic pollution studies from across the
continent of Africa ranging in time from 1987 to 2020. They
find that east African countries have the fewest studies while
southern Africa has the most (Akindele and Alimba 2021). The
majority of the studies (71%) focus on marine or estuarine
systems while fewer (29%) center on freshwater habitats
(Akindele and Alimba 2021). There are no studies of
Ugandan plastic debris in freshwater systems. They call for
more research, particularly in East Africa, North Africa, and
West Africa (Akindele and Alimba 2021). For an in-depth review
on microplastic research on the African continent, see Alimi et al.
(2021); for research on both macro and micro plastic in Africa,
see Akindele and Alimba (2021).

There are a few studies of microplastic in East Africa,
including a study of plastic from the stomachs of Nile perch
and Nile tilapia in Lake Victoria (Biginagwa et al., 2016), analysis
of microplastic from the surface of Lake Victoria (Egessa et al.,
2020b),
zooplankton on Kenyan coasts (Kosore et al., 2018), and an

documentation of ingestion of microplastic by

analysis of microplastic abundance and composition from the
surface waters of Kenya’s Lake Naivasha (Migwi et al., 2020).
Analyzing micro and macro particles in fish and sediment from
Ethiopia’s Lake Ziway, Merga et al. (2020) find plastic ingested by
35% of fish sampled and a median of 30,000 plastic particles/m*
of sediment.

Due to a lack of macro freshwater research in Uganda, this
review focuses on macro plastic studies across the African
continent. Trawling the seafloor near Morocco, Loulad et al.
(2017) found 603 kg of macro debris. Plastic was found in 54% of
their trawling stations and made up 34.4% of the total weight of
materials found and 83.6% of total number of items counted
(Loulad et al., 2017). The most frequently found plastic material
were displaced traps for Octopus vulgaris (Loulad et al., 2017).
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Working in a coastal wetland in Morocco, Alshawafi et al. (2017)
found 57% of the macro debris recorded in their study was
plastic. The authors attribute the debris to tourism, land-based
usage, and commercial fishing (Alshawafi et al., 2017). Madzena
and Lasiak (1997) investigate an undeveloped beach in South
Africa, finding that plastic make up 83% of the debris by count
and 47% by weight. It should be noted that at the time,
researchers did not necessarily distinguish between macro and
microplastic. Ebere et al. (2019) working on (microplastic and)
macro debris research in Nigeria, find a total of 3,487 macro
debris items (across five locations of 1,000 m? each) of which 59%
were plastic. Their work indicates a significant relationship
between macro-debris and microplastic abundance, suggesting
microplastics are formed as macro plastics break down rather
than distributed in another way (Ebere et al, 2019). They
recommend improved management of waste, increased
recycling, and consequences for those engaged in illegal
dumping (Ebere et al., 2019). Egessa et al. (2020a) investigate
micro-, meso-, and macro plastic in sediments and on shorelines
of the northern side of Lake Victoria. They note that rates of
accumulation are higher at fish landing beaches compared to
recreational beaches and recommend focusing management at
these sights (Egessa et al., 2020a). Ngupula et al. (2014) survey
68 stations by trawling in Lake Victoria in 2013, finding 44% (by
weight) is multifilament gillnets, 42% monofilament gillnets, 7%
longlines and hooks, 4% plastic bags, 2% floats, and 1% clothing;
the authors attribute the waste to fishing, human activities, and
transportation.

Research on plastic accumulation in African countries at
times centers on ruminants ingesting debris—often plastic bags
or polythene-causing impaction (Ramaswamy and Sharma 2011;
Akinrinmade and Akinrinde 2013). This is sadly a phenomenon
across the developing world (Priyanka and Dey 2018).
Akinrinmade and Akinrinde (2013) note this impaction may
be exacerbated by high numbers of livestock, lack of fodder, and
the prevalence of dumping. Through abattoir surveys in northern
Nigeria, Remi-Adewumi et al. (2011) find 80.9% of sheep and
19.1% of goats in their sample have foreign material within the
rumen in their stomachs, most commonly plastic. Analyzing
animals after slaughter at an abattoir in Ethiopia, Abebe and
Nuru (2011) report that of 768 sheep and goats (384 each) 6.1%
are positive cases of rumen or reticulum impaction, with plastic
as the foreign substance in 59.6% of the positive cases.

Wandeka et al. (2022) note the complexities of plastic
packaging in Uganda, where it is essential to maintaining
quality, particularly for foods. The authors report that from
1994 to 2017 Uganda imported 1.9 million tons of raw and
finished plastic (totals for the whole of the continent during this
time is 117 million tons) (Wandeka et al., 2022). Akindele and
Alimba (2021) concur that the African continent is the
destination of many plastics manufactured globally, that they
lack waste infrastructure, and that African countries are least
studied. A 2018 article by Jambeck et al. names the usual suspects
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of lack of infrastructure and high population growth rates
contributing to this important challenge. Focusing on Kenya,
Rayne (2008) describes some of the challenges across Africa,
namely lack of waste or sewage infrastructure as well as lobbying
from plastics manufacturers to maintain access to plastic bags. In
conclusion, the global problem of plastic pollution is significant
across the African continent. There are many countries,
coastlines, and freshwater systems with little or no data.
Overall, studies tend to focus on a few areas and emphasize
coastal and microplastic pollution. This research centers on
macroplastic in the freshwater environment and shares data
from an as yet unstudied river in Uganda: the Aturukuku.

River debris studies in Indonesia
Lebreton et al. (2017) include four river systems in Indonesia
in their predictive list of top-twenty most polluting rivers: the
Brantas, the Solo, the Serayu and the Progo. All can be found on
Java, the most populous island on Earth. Indonesia is the second
most populous country in East and Southeast Asia behind China
and the fourth most populous country in the world with
277 million inhabitants (CIA 2022). The population density of
Indonesia is 147 people per square kilometer (World Bank 2022).
The Ayung River, the focus of this study is found on Bali and is
not included in Lebreton et al’s (2017) top twenty list.
Regarded as a ‘hot spot’ for plastic pollution, there are more
studies in Indonesia as compared to Uganda, but like the bulk of
studies from the African continent, Indonesian studies
emphasize microplastics and coastal or marine settings (see
Purba et al., 2019 and Vriend et al, 2021

overviews of studies across Indonesia) instead of macro debris

for excellent

and freshwater systems. As with our Ugandan review, we focus
on macroplastic and freshwater analyses.

Scenario-modeling waste distribution patterns throughout
Indonesia to guide policy, Sakti et al. (2021) estimate
freshwater inputs for various regencies as 0.65-11.9 tons of
plastic waste per day (low to high scenarios). The authors
recommend using these data to name priority zones for
management (Sakti et al, 2021). Surveying a number of
points on the Pesanggrahan and Grogol Rivers (Java) using
floating booms, Sari et al. (2022) find 74% of the litter in their
sample is plastic. The authors calculate roughly 9.9 g of plastic
per person discharges per day in the rainy season for these two
rivers (Sari et al, 2022). They recommend more studies,
effective cleaning, and strategies to prevent litter (Sari et al.,
2022). Pamungkas et al. (2021), studying plastic flows in the
Citarum River (Java) find an influx of 24,813.7 items per cubic
meter, with the most commonly seen material being thin
plastic wrap and foamed plastic. Studying visible plastic
debris on the shore of the Madura Strait of the Wonorejo
River (Java) estuary, Kurniawan and Imron (2019) track debris
seasonally, finding accumulation is significantly greater in the
The that
polyethylene is the most abundant plastic (73.1%) in their

rainy season. researchers note low-density
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dry season samples while polyethylene terephthalate is the
most abundant plastic (59.8%) in their rainy season samples
(Kurniawan and Imron 2019). They recommend cleanups in
the rainy season to maximize efficiency (Kurniawan and
Imron 2019). Studying riverbank debris of the Lower
Citarum River (Java) Hidayat et al. (2022) sample quadrats
of 30 x 30 x 10cm’® to analyze plastic composition. The
researchers find plastic in all samples ranging from 0.7 to
301g per 9,000 cm’® quadrat and recommend improving
management of waste, fewer single use plastics, and
improved recycling to combat the problem.

Honingh et al. (2020) study plastic waste accumulation at
trash racks, which may increase risk of flooding. Using flume
experimentation, the authors analyze how waste from plastic and
other debris may impact trash rack blockage, finding plastic has
higher blockage density when compared to organic waste
(Honingh et al, 2020). In addition to modeling experiments,
the researchers performed fieldwork at the Cikapundung River
(Java) a headwater of the Citarum, finding approximately 100 kg
of which plastic make up from 11% to 78% of the samples by
weight. Plastic bags (57%), food packaging (21%), and plastic
cups (16%) dominate the sample (Honingh et al., 2020). Cordova
etal. (2022) also research the Citarum River (Java) outputs to the
ocean, approximating 6,043 + 567 pieces (1.01 + 0.19 tons by
weight) of macro debris release each day. Monitoring outputs
from nine rivers into Jakarta Bay (Java) Cordova and Nurhati
(2019) determine plastic is the most frequently polluted material,
comprising 59% of the sample by piece and 37% of its weight.
Their analysis finds an average daily “release of 97,098 +
28,932 items or 23 * 7.10 tons into Jakarta Bay” of which
they determine “8.32 + 244tons” per day are plastic
(Cordova and Nurhati 2019, p. 1). While an incredible
amount of debris, the authors note this is “8-16 times less
than global-scale model estimates” (Cordova and Nurhati
2019, p. 1). Also working in Jakarta Bay (Java) Dwiyitno et al.
(2020) find a concentration of 10,300 plastic items/km? in the wet
season and 7,400 plastic items/km” in the dry season, with
packaging and consumer products made of plastic
representing the most abundance in the sample. In two
articles modeling macro debris accumulation in Java’s Jakarta
Bay, Jasmin et al. (2019, 2020) find accumulation in the rainy
season in the eastern part of the Bay and accumulation in the dry
season on the western and eastern areas of the Bay.

Researching Pantai Indah Kapuk mangrove (Java) Hastuti
et al. (2014) note plastic is the most frequent item they sample
(77.7%) followed by foamed plastic (18.1%) which is, of course,
also plastic; the authors recommend restoration and widening of
the mangrove ecosystem to improve conditions. Tracking
outputs of local rivers into Banten Bay (Java) Rahmania et al.

2 This is wet weight.
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(2021) find plastics originating in the Cibanten River drift west to
the Sunda Strait in the east monsoon and east to Jarkarta Bay in
the west monsoon. Their analysis leads to a recommendation of
local governmental cooperation to control both unmanaged and
managed solid waste sites (Rahmania et al, 2021). Bridge
sampling emissions of macro-plastics on the Ciliwung,
Pesanggrahan, Sunter, and Cakung rivers (Java) in Indonesia,
van Emmerik et al. (2019a) estimate that 2.1 x 10’ tons of plastic
waste travels via rivers and canals in Jakarta to oceans annually.
Analysis of Ciliwung, Pesanggrahan, and Banjir Kanal Timur
rivers (Java) in Indonesia by van Calcar and van Emmerik (2019)
indicate an average of over 10* plastic items per hour for the
Ciliwung, just under 10* plastic items per hour for the
Pesanggrahan, and well over 10’ plastic items per hour for the
Banjir Kanal Timur, with seasonal variation. They find high rates
of soft polyolefin in these Indonesian rivers (van Calcar and van
Emmerik 2019).

An analysis of the Musi River (Sumatra) by Maherlsa et al.
(2019) use a net/manta system to survey floating debris at ten
stations along the river. The researchers discover 87 macro debris
items, with a range of 1-33 items found per station; plastics
comprise 86.2% of the sample (Maherlsa et al., 2019). Working
with the point intercept transit method in the Musi River of
South Sumatera (Sumatra), Almiza and Patria (2021) find an
abundance range of 5-32 items/m” and 27.8-126.9 g/m*. Their
most frequently sampled items are “plastics fragments, food
wrappers, other jugs/containers, bags/films, .. [and]
bags/films” (p. 1). Owens and Kamil’s (2020) study is the only
example of freshwater analysis for macro debris on Bali

. cups, ...

published to date. This research on two sites along the
riverbanks of the Tukad Badung finds at the floodplain site
598 pieces of debris weighing 14.8 kg (or 1.19 pieces/m> and
0.029 kg/m?), 92.8% of which was composed of plastic and at the
transition zone site 147 pieces weighing 3.58 kg (or 0.58 pieces/
m? and 0.014 kg/m?*) of which 88.4% was plastic (Owens and
Kamil 2020). When analyzing research of freshwater macro
plastic pollution in Indonesia, it is clear most analyses are
centered on Java, with limited research in Sumatra or Bali and
no published research tracking freshwater macro debris inputs

on smaller islands.

River debris studies in the United States

The population of the United States is 337 million people,
and the population of the state of Connecticut is 3.6 million
people (CIA 20225 U.S Census 2022). Connecticut is the fourth
most densely populated state in America, with 286 inhabitants
per square kilometer (Statista, 2022). Lebreton et al. (2017) do
not include any rivers in North American in their predictive list
of top-twenty most polluting rivers. As there are no studies of the
Connecticut river (as is the case with the Aturukuku and the
Ayung) this review focuses on broader freshwater studies of
macro plastic in the United States.
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There are studies of US freshwater systems focusing on
microplastics (e.g., Baldwin et al, 2016 in the Great Lakes
Tributaries, al, 2018 in the Gallatin River
watershed, and Cable et al, 2017 in the Great Lakes) and
more comprehensive reviews of freshwater research on

Barrows et

microplastics with US examples (see Peller et al., 2020). Many
reviews on microplastics in freshwater include little data on the
United States though Bellasi et al. (2020) incorporate some data
on tire wear particles and wastewater treatment plants. Baldwin
et al. (2016) assess floating micro and macro debris across
29 tributaries of the Great Lakes in six US states, finding
plastics in all of their 107 samples, of which 98% are
microplastic. The authors attribute many of the plastics
including fragments, pellets, foams, and films to urban runoff
events though this is not true of fibers (Baldwin et al., 2016).
Carpenter et al. (1972) note the presence of polystyrene
spherules in samples from Niantic Bay, Block Island, Long
Island Sound, and the Great Salt Pond on Block Island.
Collecting at the outlet pipes of factories in Massachusetts
(the Chicopee River, the Connecticut River) and at the mouth
of the Connecticut River in Saybrook, Hays and Cormans (1974)
find similar polystyrene spherules at both locations. They find
cylindrical polyethylene particles at additional factory sites in
Ludlow Massachusetts, Stonington Connecticut, and Gilman
(Thames River) Connecticut as well as sites in New York and
New Jersey (Hays and Cormans 1974). Poletti and Landberg
(2021) find 14,520 pieces of debris, 56.4% of which is polystyrene
in their assessment of the Mill Creek of the Blue Heron Nature
Preserve in Atlanta, Georgia. Analyzing the Los Angeles and San
Gabriel Rivers (Moore et al., 2011) estimate an average 2.3 billion
pieces of plastic (30 metric tons) flow through these rivers every
72 h with foams being most abundant (71%). Working on the
Long Island Sound at Meig’s Point, eight miles west of the
Connecticut river’s outlet and at Bluff Point State Park on the
(2018) finds
1,623 individual pieces of debris weighing 19.4 kg of which

Poquonock River in Connecticut, Owens
61.5% by piece and 16.2% by weight is plastic. In a review of
studies on the Laurentian Great Lakes, Driedger et al. (2015)
found litter along shorelines is predominantly plastic (>80%)
while density in water is comparable to that of the ocean gyres.
Vincent and Hoellein (2017) studying Lake Michigan’s Pratt
Beach collect 79,915 items and primarily attribute the material to
litter and its accumulation. One comprehensive study of 15 sites
in five rivers in Illinois and Indiana (Salt Creek, Turkey Creek,
North Branch of the Chicago River, Hickory Creek, Plum Creek)
finds that while in the riparian zone debris density compares to
global beach averages, in benthic zones density is higher for
riverine than marine environments (McCormick and Hoellein
2016). As such, this review indicates that there have been few
analyses of the Connecticut River since the 1970’s and there is a
dearth of freshwater macro pollution studies in the United States
in general.
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Experts have weighed in for decades on solutions for the
plastic pollution problem, whether touting education, legislation,
or some combination of the two (Derraik 2002; Sheavly and
Register 2007). Cleanups are valuable tools to improve
awareness, influence behavior, and provide context to this
complex global issue (5IMDC 2011; Owens 2018). Our
analysis includes not only baseline data on three rivers (the
Aturukuku, the Ayung, and the Connecticut) but also an analysis
of surveys of workshop participant environmental attitudes and
behaviors as well as asking how they conceptualize the problem
of and the solution for plastic pollution in their home
communities. According to Wandeka et al. (2022) many of
the solutions presented in the Ugandan system stem from
“the private sector and plastic recycling businesses” (p.19)
Wandeka et al. (2022) recommend more support from
government, increased regulations on imports, and local
solutions for packaging and use. Nkwachukwu et al. (2013)
recommend redesigning plastics to alleviate the problem, but
note the importance of coupling bioplastic design with proper
labelling, outreach, and education. The authors astutely point out
“that the concept of degradable plastics has been oversold as a
solution to the waste disposal problem” (Nkwachukwu et al.,
2013 p.12). They also recommend creating infrastructure for
disposal and recycling of waste (Nkwachukwu et al,, 2013). Sadan
and De Kock (2021) note that policy fragmentation exists at all
levels and recommend that African nations address the problem
globally (contributing to the development of a global treaty),
regionally (aligning global policy for the regional context), and
nationally (considering their own priorities and challenges).
Jambeck et al. (2018) find that African communities show
greater propensity toward recycling, remaking, and reusing
materials in creative ways, finding that community-based
solutions to the problem may be particularly apt in African
countries. Mihai et al. (2022) find that whether discussing
macroplastic in coastal or freshwater systems and in
developed or developing countries, the linear economy model
will yield waste mismanagement problems; they recommend the
circular economy model “as a key mitigation strategy in the
prevention of plastics materials, improvement of the production
sector, and providing better waste management practices to
reduce this global environmental threat” (p. 242). These
authors rightly note that waste management in itself is not the
solution, as developed countries with ample management of
waste produce plastic pollution of both freshwater and marine
systems (Mihai et al., 2022).

While the number of studies of freshwater systems is
increasing, there are as yet no studies including data from the
Aturukuku River in Uganda, the Ayung River in Indonesia, or the
Connecticut River in the United States. In addition, we have
found no studies that compare perceptions in these three
countries to better understand the nuances around plastic
globally.  This additional
information about three river systems, the Aturukuku River in

pollution research  provides
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Uganda, the Ayung River in Indonesia, and the Connecticut
River in the United States and the people who live and work
nearby.

Materials and methods

This interdisciplinary research approach seeks to create a
baseline report for sites along each of the three rivers, and to
highlight how communities understand the problem of plastic
pollution, its sources, and its solutions. Maps of the
Aturukuku, the Ayung, and the Connecticut River can be
seen in Figure 1. At each study site (Uganda, Indonesia,
United States) members of the research team led 2-day
workshops for local residents. The goal of the workshop
was to inform participants about the issue of freshwater
debris, train participants on the cleanup methods, and
share strategies for communicating results to policymakers.
In addition to debris collections at each site, participants were
surveyed before the workshop, at the end of the workshop, and
2 months after the workshop.

Debris collection

Researchers at each site complete an analysis using a river
collection method (Owens and Kamil 2020) modeled on the
National Oceanic and Atmospheric Administration (NOAA)
Marine Debris Shoreline methodology (Opfer, Arthur, and
Lippiatt 2012). Researchers use survey flags to demarcate an
area along the shore of the respective river, marking off a 100 m
long by 5-m wide (landward from the river) portion of shoreline
for a total collection area of 500 m®. In the Indonesian case, it was
not possible to find an accessible shoreline area with
100 consecutive meters. Therefore, the Indonesian team opted
for a shorter collection area of 16 m in length. After flagging the
study area, researchers walk a precise pattern dictated by NOAA,
covering the complete area by walking back and forth, scanning
from side to side in order to collect all macro debris visible within
the given area that is attributable to humans. As described in
Owens and Kamil (2020) and Owens et al. (2022), this method
combines the NOAA methodology for a standing stock survey
(which typically covers 100 m of shoreline but does not include
removing debris) and the accumulation method (which includes
the entire shoreline and does include removing debris). This
practical combined approach allows removing debris from a
limited area to take a snapshot of accumulation of plastic and
other debris. Researchers collect the debris and log it onto data
collection sheets by type of material. The debris from a limited
portion of shoreline is removed using this replicable, inexpensive,
scientific method to serve a broader goal of informing
policymakers and community members about the problem in
a local context (Owens et al., 2022).
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credit: Muhammad Azmi).

Maps showing the locations of the Aturukuku River in Uganda, the Ayung River in Indonesia, and the Connecticut River in the United States (Map

Surveys

We measure participant environmental attitudes using the
New Ecological Paradigm (NEP) Scale (Dunlap et al., 2000)
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which is used globally to shed light on “the impact of
educational programs on
2012), p. 260.
behaviors are measured via the Environmentally Responsible

environmental world views”

(Anderson, Self-reported environmental
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TABLE 1 Data about collection sites, with number of items collected, pieces/m?, total weight, and kg/m?.

Location River Coordinates decimal Area Date Participants  Items collected total Total weight?
degrees meter? items (pieces/m?) kilograms
(kg/m?)
Uganda Aturukuku 8194444, 34.2277778 500 19 March 11 226 (45) 7.15 (.014)
2022
‘ Indonesia Ayung ‘ ~8.638729, 115241841 ‘ 80 ‘ 2 April 2022 15 ‘ 610 (7.62) 78.68 (.98) ‘
United States | Connecticut 41.520483, —72.558784 500 11 April 9 146 (.29) 3.80 kg (.007)
2022

TABLE 2 Collected material by type from three sites in Uganda, Indonesia, and the United States; in parentheses find the percentage of the total amount of
accumulated debris at each site.

River with location ~ Plastic ~ Metal ~ Glass  Rubber Processed Cloth, clothes, Natural
trees fabric materials
Aturukuku Uganda 202 0 0 1 (.4%) 0 18 (8.0%) 5 (2.2%) 0
(89.4%)
Ayung Indonesia 556 2 (0.3%) 0 1 (2%) 0 31 (5.1%) 0 20
(91.1%) (3.3%)
Connecticut 92 (63.0%) 14 (9.6%) 31 1 (.7%) 4(2.7%) 1 (0.7%) 0 3
United States (21.2%) (2.0%)
Behavior Index (ERBI) described by Thapa (1999) and developed from the responses themselves. In other words, we do not impose
by Smith-Sebasto and D’Costa (1995). This instrument has a high one set of categories on all three study sites, but instead build
internal consistency reliability (.94), and high validity (82%) categories based on responses. By asking local participants about
(Smith-Sebasto and D’Costa 1995). the problem, the policy, and the solutions, we highlight their
To shed light on perceptions around the problem of pollution in perceptions and understanding of the issue, creating a unique
freshwater, we ask respondents about the items they expect to find profile for each community. We then compare these to draw
in their cleanup and policies that can address the problem. We meaning about the global problem of freshwater pollution. Please
analyze responses using content analysis to look for patterns of note: While participants share their results with local
meaning. When classifying responses into more discrete categories, policymakers, this study is not configured to measure the
we err on the side of counting an item as ‘indeterminate’ rather than impact of their advocacy on policy over time. Policymaking is a
ascribing meaning to it. For example, if a respondent writes they slow, incremental process. Work training local stakeholders to
expect to see “straw” in the river, we do not assume this is a single understand their local resources and advocate for them may
use plastic straw. If they write “shoe” we cannot determine if they improve policy in the future, but it is outside the scope of this
mean flip-flop (aka thong) made of plastic or a leather or cloth shoe, project to measure it.

therefore we count it as indeterminate. In this way, we would rather
under-report than over-report perceptions ascribed to respondents.
Why use qualitative methods to understand the problem of Results
plastic pollution? As we hail from different societies with different
cultures, as well as social and economic systems, we did not want Debris collection
to make presumptions about the conceptualization of the problem,

the policy, or the solutions by respondents. Instead, we ask them to Basic information about each site and collection can be
share the problem, the policy, and the solutions in their own seen in Table 1. Debris was present at all three riverbank sites,
words. Using an inductive, social-constructivist method we use with the Ayung River’s debris density (7.62 pieces/m”) an
content analysis to systematically observe, review, and pull order of magnitude higher than the Aturukuku (0.45 pieces/
meaning from the responses. This allows us to remove some of m?) and the Connecticut (0.29 pieces/m?). Plastic was the most
our own biases and conceptions from the analysis. The categories frequently found item at each site, ranging from 63.0% to
to which we subdivide responses vary by study area, as each derives 91.1% of the samples. Material by category can be seen in

Frontiers in Environmental Science 08 frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1081208

Owens et al.

10.3389/fenvs.2022.1081208

Aturukuku River, Uganda

|

= Plastic (556, 91.1%)
= Cloth, Fabric, Shoes (18,8.0%) = Other (20,3.3%)
Rubber (1, 0.4%) Rubber (1, 0.29%)

= Plastic (202, 89.4%)
= Natural Materials (5, 2.2%)

FIGURE 2

with material type (count, percentage).

Ayang River, Indonesia
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Proportional distribution of material found in the Aturukuku River, Uganda, the Ayung River, Indonesia, and the Connecticut River, United States

Connecticut River, United States
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= Plastic (92, 63.0%)
= Metal (14, 9.6%)
= Other (3, 2.0%)
Cloth, Fabric, Shoes (1, 0.7%)

= Glass (31,21.2%)
= Processed Trees (4, 2.7%)
Rubber (1, 0.7%)

TABLE 3 Comparative results of the New Ecological Paradigm.

Pre-test results

Two months post-test results

Uganda (n=13) M = 3.65, SD = 0.92

Indonesia (n=15) M = 3.85, SD = 0.86

(n=9) M = 4.06, SD = 1.00

(n=14) M = 3.24, SD = 347 ‘

‘ United States (n=8) M =4.05, SD = 0.68

(n=4) M = 440, SD = .64 ‘

TABLE 4 Comparative results of the Environmentally Responsible Behavior Index.

Pre-test results

Two months post-test results

Uganda (n=13) M = 3.36, SD = 1.05

Indonesia (n=15) M = 3.48, SD = 0.81

(n=9) M =3.86,SD = .65

‘ (n=14) M = 3.13, SD = 347 ‘

‘ United States (n=8)M = 3.84,SD = .64

Table 2 and proportional distribution of each sample by site is
shown in Figure 2.

Survey data: Environmental attitudes and
behaviors

The New Ecological Paradigm (NEP) Scale (Dunlap et al,,

2000) measures environmental attitudes while the
Environmentally Responsible Behavior Index (ERBI)
measures self-reported environmental behaviors.

Participants respond to questions about their attitudes or
behaviors on a scale ranging from rarely to usually. Their
answers are given a score ranging from 0 = Not applicable, 1 =
Rarely, 2 = Occasionally, 3 = Sometimes, 4 = Frequently, and
5 = Usually. Here we share the mean scores of the sample and
the standard deviation. Due to the low sample sizes, we have
opted not to administer statistical analysis on the responses.
Results can be found in Tables 3 and Table 4.

Frontiers in Environmental Science

‘ (n=4)M=4.18,SD = .53 ‘

Survey data: Perception of content of
debris in Uganda

Ugandan respondents were asked: Please list the top
five most frequently found items in the Aturukuku
River. Supplementary Materials Table 1 compiles
and categorizes responses for the Aturukuku river in
Uganda. Figure 3 shows a comparison of participant
responses by type of material for each survey period.
Please note the changing sample size between the pre-test
(n = 61), the post-test (n = 55), and the 2 months post-

test (n = 45).

Survey data: perception of content of
debris in Indonesia

Indonesian respondents were asked: Please list the
top five most frequently found items in the Ayung River.
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Participant perceptions of the most frequently found items in the Ayung River by type.

Table 2
categorizes responses for the Ayung River in Indonesia.

Survey data: perception of content of
debris in America

Supplementary ~ Materials compiles and

Figure 4 shows a comparison of participant responses

by type of material for each survey period. Please
note the changing sample size between the pre-test (n =
65), the post-test (n = 68), and the 2 months post-
test (n = 66).
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American respondents were asked: Please list the top five most
frequently found items in the Connecticut River. Supplementary
Materials Table 3 compiles and categorizes responses for the
Connecticut River in the United States. Figure 5 shows a
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Pre-test

FIGURE 6

Post-test

Two months post-test

Comparison of stakeholder perceptions of policies in Uganda, pre-test (n = 30), post-test (n = 21), and 2 months post-test (n = 20). Alt. =

Alternatives to plastic. Ind. = Indeterminate or unknown.

comparison of participant responses by type of material for each survey
period. Please note the changing sample size between the pre-test (n =
40), the post-test (n = 40), and the 2 months post-test (1 = 20).

Survey data: stakeholder perception of
policies in Uganda

All workshop participants were asked: Please list the top three

policies that are helpful for combating the river litter problem in
your community. We categorize the responses based on whether

Frontiers in Environmental Science

the listed policy focuses on the symptoms or the sources of plastic
pollution. For example, policies dealing with the symptoms
might include recycling, fines on littering, or beach cleanups.
Policies dealing with the source include those that ban plastic,
encourage reducing, re-using, or alternatives to single use
better policy
conceptualization highlights the underlying core problem

plastics.  This is to understand  if
(unsustainable production of single use plastics).
Results from Uganda can be seen in Supplementary
Materials Table 4, the data are summarized in Figure 6
below. In the pre-test (n = 30) 63% of responses focus on
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Pre-test

FIGURE 7

Post-test

Two months post-test

Stakeholder perceptions of policies in Indonesia, pre-test (n = 31), post-test (n = 32), and 2 months post-test (n = 39). Alt. = Alternatives to

plastic. Ind. = Indeterminate or unknown.

symptoms-based approaches, including recycling, fines,
cleanups, education, waste management, and behavior.
on the including

Thirty-three percent focus source,

improving policy, reducing plastics, banning certain
plastic, and promoting alternatives to plastic. Three
percent of responses are indeterminate or unknown (e.g.,
“To circle the plastic”). For the immediate post-test (n = 21)
in Uganda, 68% include policies associated with the
symptoms of plastic pollution, including recycling, fines,
education, waste management and behavior. Twenty-eight
percent address the source of pollution, including improving
policy and banning certain plastics. Five percent of responses
are indeterminate or unknown (e.g., “Burning off plastic
factories”). In the final Ugandan survey (n = 20) 65% of
responses focus on symptoms-based approaches, including
fines, cleanups, education, waste management, behavior and
research. Twenty percent address the sources of pollution,
including improving policies, banning certain plastics, and
alternatives to plastic. Fifteen percent are indeterminate or
unknown (e.g., “Throwing bottles is dangerous”). For the
Ugandan participants, responses more frequently focus on
the ‘end of the pipe’ rather than the source of debris and this
does not change drastically over the course of the survey

period.

Survey data: stakeholder perception of
policies in Indonesia

Results from Indonesia can be seen in Supplementary
Materials Table 5 and are summarized in Figure 7 below. In
the pre-test (n = 31) 22% of responses focus on symptoms-
based including and waste

approaches, recycling
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management. Seventy-four percent focus on the source,
including reusing materials, businesses no longer using
single-use plastics, reducing plastics, banning certain
plastic, and promoting alternatives to plastic. Three
percent of responses are indeterminate or unknown (e.g.,
“reward and punishment for people”). For the immediate
32) in Indonesia, 37% include policies

the

including recycling, waste management, and behavior.

post-test (n =
associated with symptoms of plastic pollution,
Fifty-nine percent of responses focus on the sources,
including refusing, reusing, businesses no longer using
single-use plastics, reducing, bans, and alternatives to
plastic. Three percent of responses are indeterminate or
unknown (e.g., “reward and punishment for people”). In
39), 57% percent of

responses focus on the symptoms including recycling,

the final Indonesian survey (n =

waste management, behavior, education, cleanups, and
punishment for people who litter. Forty-four percent
address the sources of debris including refusing, reusing,
businesses no longer using single-use plastics, reducing,
bans, and alternatives to plastic. Initially, Indonesian
responses focus more on the sources of debris, but then
shift to being more balanced between policies focusing on
the sources and symptoms of pollution.

Survey data: stakeholder perception of
policies in America

The American results can be seen in Supplementary Materials
Table 6 and are summarized in Figure 8 below. In the pre-test (n =
14), 50% of responses focus on the symptoms, including recycling,
fines, cleanups, and education. Thirty-five percent of responses
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Two months post-test

Stakeholder perceptions of policies in the United States, pre-test (n = 14), post-test (n = 16), 2 months post-test (n = 14). Alt. = Alternatives to

plastic. Ind. = Indeterminate or unknown.

focus on the sources, including re-using, extended producer
responsibility, and alternatives. Fourteen percent of responses are
indeterminate or unknown (e.g,, “commercial fishing,” “none that I
am aware of”). In the immediate post-test (1 = 16), 25% of responses
are symptom-based, emphasizing recycling. Forty-five percent
emphasize the sources of debris, including re-using, bans on
certain plastics, extended producer responsibility, and reducing.
Thirty-one percent of responses are indeterminate or unknown

» « » <« » <«

(e.g., “plastic bag,” “straw,” “to go containers,” “unaware of any”).
For the final Connecticut survey (n = 11), 36% of responses are
symptom based, including recycling and fines. Sixty-three percent
are source-based and focus on re-using, bans, reducing, and
promoting alternatives to plastic. Connecticut responses
emphasize the symptoms of pollution initially, but shift to the
sources of pollution between the pre-test and the survey occurring

2 months after the workshop.

Discussion
Debris collection

To better understand the context of the density results we use
the classification of the Clean Coast Index (Alkalay et al., 2007).
According to this classification system, the Ayung riverside rates
as “extremely dirty” and the Aturukuku and the Connecticut
riversides rate as “moderate.”

Survey data: Environmental attitudes and
behaviors

Due to both the low enrollment and the discrepancy in
number of participants for each workshop, we were unable to

Frontiers in Environmental Science

run comparative statistical analysis on these data. That said,
what we can see is that in this limited sample, the mean
responses are comparable and there are not obvious
differences between the respondents in Uganda, Indonesia,
and the United States. In each country, the respondents are
generally responding in the sometimes/frequently range for
both pro-environmental attitudes and behaviors. In other
words, workshop participants in each country display quite
positive environmental attitudes and pro-environmental
behaviors.

Survey data: Perception of content of
debris in Uganda

How do the responses change over time to the question
Please list the top five most frequently found items in the
Aturukuku River? There is some growth of proportion for
plastic, with responses for plastic rising from the pre-test
(34%), through the immediate post-test (47%), and having
the highest percentage for the 2-month post-test (51%). That
said, plastic always ranks as the most frequently selected
material, with cloth, clothes, fabric maintaining a steady
proportion through the pre-test (20%), through the
immediate post-test (16%), and the 2-month post-test
(16%). Metal and animal waste are responses for the pre-
test sample, but not beyond that. Glass disappears in the
immediate post-test but resurfaces in the 2-month post-test.
Plant waste is mentioned in the pre-test and immediate post-
test, but not the 2-month post-test, whereas medical waste and
processed trees are named in all three survey samples. As such,
while some responses shift in minor ways throughout the
sampling series, there are not drastic changes in respondent
understanding of local waterway pollutants.
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How do the responses compare to the collected sample? The
respondents accurately presume the types of material they will
find in the river, acknowledging that it will be primarily
composed of plastic with cloth, clothes, fabric being the next-
highest category. While these numbers shift between the pre,
immediate post and 2-month post surveys, they are the two
highest-ranking determined categories. This indicates the
Ugandan participants have a strong grasp of the issues that
plague their local waterway though they underestimate the
proportion of plastic. In the pre-test, respondents presumed
metal waste and animal waste would play a larger role, but
this was not borne out through subsequent surveys, likely because
the riverside collection did not include either of these substances.
In other words, as their presumptions were ground-truthed, the
shifted  their knowledge
understanding of the problem accordingly.

Ugandan  participants and

Survey data: Perception of content of
debris in Indonesia

How do the responses change over time to the question
Please list the top five most frequently found items in the Ayung
River? There is a loss of proportion for plastic over the sampling
series, with responses for plastic decreasing from the pre-test
(69%), through the immediate post-test (56%), and through the
2-month post-test (52%). And yet, plastic always ranks as the
most frequently selected material and proportionally makes up
more than half of the responses. In the pre-test, metal ranks
second-highest (11%) but this shifts to cloth, clothes, fabric for
the immediate post-test (21%), and the 2-month post-test (18%).
Metal is consistently named, but the proportion diminishes over
time while conversely, Natural materials (including items like
rope, organic waste, jute bags) is listed consistently and increases
as a proportion of the sample over time. Glass and rubber are
each a relatively small proportion found in the pre-test and the 2-
month post-test, but not the immediate post-test. Hazardous
materials appear only in the immediate post-test, and the other
category includes varied materials in the pre-test (tetrapak) and
the 2-month post-test (religious waste) but never comprises more
than 2% of the sample. As with the Ugandan responses, the
sample shifts in small ways through the sampling series, but there
is a consistent understanding of local waterway pollutants.

How do the responses compare to the collected sample? The
respondents accurately presume the types of material they will
find in the river, acknowledging that it will be primarily
This the
participants have a strong grasp of the issues that plague their

composed of plastic. indicates Indonesian
local waterway, though they underestimate the predominance of
plastic. While cloth, clothes, fabric rank third behind metal in the
pre-test, these materials are the second most frequently found
material in the collection. Responses shift accordingly, with cloth,

clothes, fabric’s proportion of the sample increasing from the
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pre-test (9%) to the post-test (21%) and the 2-month post-test
(18%) while metal drops precipitously in the ranking from pre-
test (11%) to the post-test (3%) and the 2-month post-test (2%).
As such, as the Indonesian respondents learned more by
engaging in a collection, their reported knowledge and
understanding of the problem shifted accordingly.

Survey data: perception of content of
debris in America

How do the responses change over time to the question
Please list the top five most frequently found items in the
Connecticut River? There is an increase in proportion for
plastic over the sampling series, with responses for plastic
increasing from the pre-test (53%), through the immediate
post-test (55%), and the 2-month post-test (70%). Plastic
always ranks as the most frequently selected material. In
the pre-test, the indeterminate category ranks second-
highest (23%) but that category shifts to 5% in both
subsequent surveys. Metal is consistently named, and the
proportion diminishes slightly over the series from pre-test
(15%) to post-test (15%) to 2-month post-test (10%). Glass is
not named in the pre-test, but is in the post-test (15%) tapering
down for the 2-month post-test (5%). Rubber in the form of
tires is noted in the pre-test (3%), not in the post-test, and
again in the 2-month post-test (5%). Cloth, clothes, fabric rank
low in the pre-test (3%), maintain that level for the post-test
(3%) and are not mentioned in the 2-month post-test. Medical
waste is mentioned in the pre-test (3%) but not in subsequent
tests. As with the Ugandan and Indonesian responses, the
sample shifts in small ways through the sampling series, but
there is a consistent understanding of local waterway
pollutants.

How do the responses compare to the collected sample? The
respondents accurately presume the types of material they will
find in the river, acknowledging that it will be primarily
composed of plastic, though proportionately it is first slightly
too low and then too high in comparison to the actual results.
This indicates the American participants have a strong grasp of
the issues that plague their local waterway, though they
underestimate then overestimate the predominance of plastic.
While glass is not listed in the pre-test, it is the second most
frequently found material in the collection. Responses shift
accordingly, with glass’ proportion of the sample increasing
for the post-test (15%) then decreasing for the 2-month post-
test (5%). Metal is accurately presumed to be a part of the waste
found in the sample, though its proportion decreases by the 2-
month post-test (to 5%). As with the Ugandan and Indonesian
respondents, the post-test responses are not a perfect match but
do reflect the ground-truthing from the field experience. As such,
the knowledge and understanding of the problem shifts
accordingly.
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How do the responses compare across
countries?

The Ugandan responses are unique in the ranking of
organic waste (animal remains, plant waste, logs, and
invasive species) along with other pollutants (plastic, metal,
glass, cloth, and rubber). The responses are consistent over
time, never shifting widely. Participant responses indicate the
Ugandans have a strong grasp of local river pollution and
make subtle changes based on their real-world experience.
Indonesian responses are also broadly consistent over time
and a good match for the results found on-the-ground. When
looking at the perceptions of the problem across categories, it
is clear that respondents expect plastic will be a frequent find,
which is borne out in real life. Both Ugandan and Indonesian
responses note the importance of plastic and cloth, which are
in fact the most frequently found items in their cleanup events.
In comparison, Indonesian respondents do not expect as much
organic waste (animal waste and plant waste), but do expect
products created from natural materials such as jute bags and
rope. The American respondents rightly presume they will
find more non-organic materials (plastic, glass, and metal) and
do not presume to find or find as much cloth as in the Ugandan
and Indonesian samples.

In addition to the shifts within countries across the three
surveys, it is important to note that both Ugandan and
Indonesian  participants  describe a need for waste
management, which is not mentioned by the US participants.
This the

infrastructure for alleviating the symptoms of plastic pollution.

indicates importance of waste management

Survey data: Comparison of stakeholder
perception of policies across countries

In general, the participants are well-informed about policy
solutions, naming a wide range of policy options and strategies,
particularly considering they are not prompted or given choices
from which to select. The participants are self-selected into the
workshop cohorts, which may mean they are more likely to be
informed about the issues and aware of policies.

The Indonesian group begins with a strong focus on the
sources of debris and provide more types of solutions when
When
alleviating

considering sources of pollution. considering

debris,
participants in all three countries note recycling, cleanups,

symptom-based  approaches  to
education, and some type of negative consequences for
littering, though respondents in Indonesia characterize this
as punishment while those in Uganda and the US classify this
as fines. As previously described, both Uganda and Indonesia
make a note of waste management policies; participants from
both countries also mention individual littering behavior,
which the American respondents do not. In considering
source-based approaches, respondents in all three countries
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mention policies that encourage reducing plastics, banning
plastics, and promoting alternatives to plastics. Ugandan
participants also mention forming new policies or bylaws.
Both the American and Indonesian participants talk about
programs to re-use materials. In addition, American
respondents mention Extended Producer Responsibility,
while Indonesian participants also mention programs that
promote refusing plastics and business no longer carrying
single-use plastics. Over time the Uganda sample remains
relatively consistent, with the range of proposed policy
responses focused on the sources of plastic pollution
ranging from 33 to 20%. In contrast, the Indonesian
population shifts over time, at first having a higher
proportion devoted to source-based solutions (74%) though
that falls over time to 44%. The group from Connecticut,
United States, also shifts, but in the opposite direction, with
the percentage of source-based policy solutions changing from
35% to 63% over time.

In conclusion, pollution, particularly plastic pollution, is
an ongoing threat to freshwater as well as marine systems.
This pervasive material has many uses, is convenient, and
perhaps most importantly—cheap to produce in large
quantities. That said, the long-term consequences as
plastics break down in the environment harm wildlife,
ecosystems, the economy, and human communities. The
River Engage workshops sought to make connections
between science and policy for local
communities—collecting data on local systems to report
the results to local lawmakers, though the project was
COVID-19 global pandemic. This

research sheds light on the nuances among the way local

hampered by the

workshop participants understand and grapple with the
issue. These results indicate that one size does not ‘fit all’
and that the approaches to the problem should encapsulate
local issues, nuances, and context.

The results, particularly from participant responses in Uganda
and Indonesia, indicate that basic waste management must be a part
of the solution. This must be shared with a major caveat, however, as
in the United States and Europe, waste management systems are in
place—yet plastic pollution remains a problem. In many ways, the
global north has not solved the problem of plastic pollution—but are
better at hiding it. Waste management systems should be in place in
rural areas—for public health reasons as well as environmental and
ecological health. It cannot be emphasized enough that waste
management systems allow for some tidying up of but not the
true elimination of the majority of plastic waste. When waste
management systems are in place for plastic pollution, they
result in incineration or landfilling—neither of which is an
environmentally or ecologically neutral option. So, while these
results indicate that waste management will improve the health
of rivers in Uganda and Indonesia, this should be considered a stop-
gap measure, never intended to solve the problem of plastic
pollution. How we define problems has bearing on how we
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define solutions. The real solution for solving the problem of plastic
pollution can only come from greatly reducing the number of single
use plastics being manufactured, sold, used, and disposed of

globally.
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