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Amazonia: the new
frontier for plastic
pollution

Brazil's Amazon region is currently sub-
ject to increasing deforestation as well as
hydropower development, mining, and
other activities associated with adverse
environmental impacts (Fearnside 2016).
Now an insidious new threat has emerged
- discarded plastic.

Brazilian government policies to pro-
mote economic growth in Amazonia
triggered an increase in the region’s pop-
ulation, from 1.4 million to 15.9 million
inhabitants in less than a century (IBGE
2018). These people are distributed
across more than 450 municipalities,
70% of which lack urban planning and
efficient waste management (Becker
2005). Few communities have adequate
landfills, and much of their trash ends up
in rivers (Figure 1). Plastic constitutes
15.7% of the total solid waste produced
in Amazonia, a percentage more than
double the national average (MMA
2015). It has been estimated that each
person in Brazil generates more than 1
kg of solid waste every day (Jambeck
et al. 2015), and 19.4% of this waste is not
collected by municipalities (ABRELPE
2015). On the basis of data from the lat-
est solid-waste management statistics for
the Amazon region (MMA 2015), popu-
lation census estimates (IBGE 2018), and
per-capita waste generation (Jambeck
et al. 2015), we conservatively estimate
that 182,085 metric tons of plastic are
being discarded into Brazil's Amazonian
environment each year. Although an
unknown fraction of this mismanaged
waste is retained within the river system
(eg trapped in the flooded forest), this
estimate of plastic waste — which poten-
tially is transported by the Amazon River
to the Atlantic Ocean - is five times as
high as a previous estimate (Lebreton
et al. 2017). Even if this amount were to
represent an overestimate, the Amazon
now ranks as the world’s second most
polluted river in terms of plastic, only
behind China’s Yangtze River (Lebreton
et al. 2017). The Amazon Basin, which
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Figure 1. Dense carpet of garbage floating in one of the poorest regions of the city of Manaus (Middle

Amazon basin, Brazil).

covers 4.7% of the world’s land area and
harbors only 0.4% of the global popula-
tion, is thought to be responsible for
generating 10% of the total amount of
plastic waste found in the world’s oceans.
The Amazon River - with the world’s
largest freshwater discharge, ranging
between ~80,000 m’ s (in October—
November) and ~250,000 m’> s (in
May-June) — produces a 1.3 x 10° km®
plume that extends more than 1500 km
into the Atlantic Ocean (Coles et al.
2013). This plume carries large amounts
of sediments, nutrients, and now plastic
debris. Driven by seasonal winds and
currents, the plume generally flows
northward into the Caribbean and east-
ward toward the subtropical gyre and
Africa. Given that plastic loads from the
Amazon Basin may therefore impact
much of Western Atlantic Ocean, this
problem merits international attention.
From the largest cities, such as Manaus
and Belém, to the smallest indigenous
villages, most Amazon settlements are
located in riparian areas across more than
80,000 km of navigable waters. The
region’s torrential rains, coupled with
increasingly frequent and severe floods,
wash plastic waste into streams and rivers.
Our preliminary surveys in the Amazon
estuary have revealed that accumulations
of solid waste range from 27 to 113 items
per meter of vegetated bank, of which

96% is plastic, predominantly disposable
bottles and shopping bags. The docu-
mented densities are comparable to those
described for wind-exposed mangrove
forests on the Caribbean island of Bonaire
(Debrot et al. 2013).

This “mountain” of plastic waste, much
of it trapped within flooded forests, even-
tually degrades into microplastics that can
be incorporated into the soil and/or car-
ried back into the water, thus posing
another threat to Amazonian biota. Recent
pilot studies in the lower Xingu River and
the Amazon estuary revealed microplastic
particles in the digestive tracts of 13 fresh-
water and 14 marine fish species, 20 of
which are commonly consumed by
humans (Pegado et al. 2018; Andrade
et al. 2019). Once ingested by a fish, these
microplastics may then be transported to
muscle or other tissues, where the parti-
cles may be retained for the fish’s entire
lifespan (Karami et al. 2017). The effects of
human consumption of microplastics are
largely unknown, but evidence of immu-
notoxic responses has been reported
(Seltenrich 2015). In addition, persistent
organic pollutants (POPs) have the ability
to adhere to synthetic polymers, which
may further contaminate seafood
(Rochman et al. 2015). Given that the
Amazon has the world’s highest per-capita
fish consumption (Isaac et al. 2015), this
poses a public-health concern.
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Dumping trash, including plastics,
into rivers in the Amazon Basin is the
result of poor public policies and a gen-
eral lack of environmental awareness.
There is an urgent need for environmen-
tal education, investments by state and
municipal governments in sanitary and
waste treatment infrastructure, and a
reduction of single-use plastic items, as
well as research on not only the types of
microplastics present in the environment,
but also their toxicity and bioaccumula-
tion potential. Given that federal environ-
mental regulations are unlikely to increase
in the near-term (Fearnside 2018),
Amazonian residents need to pressure
state and municipal governments to
address the problem. Continued failure to
contend with plastic pollution in the
Amazon has consequences that are far-
reaching, because much of this plastic
eventually reaches the Atlantic Ocean.
The problem of plastic pollution has been
well documented and publicized for the
marine realm, as well as for rivers in Asia.
New evidence of discarded plastics in the
vast Amazon Basin clearly demonstrates
the magnitude and complexity of this
global environmental challenge.

@ Acknowledgements

This research was supported by PROPESP/
PROINTER (PACI 07/2017).

Tommaso Giarrizzo'*,

Marcelo C Andrade', Kurt Schmid’,
Kirk O Winemiller?,

Micheline Ferreira', Tamyris Pegado',
David Chelazzi’, Alessandra Cincinelli’,
and Philip M Fearnside*

'Niicleo de Ecologia Aqudtica e Pesca

da Amazonia (NEAP), Universidade
Federal do Pard, Belém, Brazil
*(tgiarrizzo@gmail.com);

’Department of Wildlife and Fisheries
Sciences, Texas A&M University, College
Station, TX; *Department of Chemistry
"Ugo Schiff” and CSGI, University of
Florence, Florence, Italy; “National
Institute for Research in the Amazon
(INPA), Manaus, Brazil

ABRELPE (Associagdo Brasileira de
Empresas de Limpeza Publica e Residuos
Especiais). 2015. Panorama dos Residuos

Sélidos no Brasil. http://portalods.com.
br/wp-content/uploads/2018/02/panor
ama2015.pdf. Viewed 16 Jan 2019.

Andrade MC, Winemiller KO, Barbosa PS, et
al. 2019. First account of plastic pollution
impacting freshwater fishes in the Amazon:
ingestion of plastic debris by piranhas and
other serrasalmids with diverse feeding
habits. Environ Pollut 244: 766-73.

Becker BK. 2005. Geopolitica da Amazonia.
Estud Av 19: 71-86.

Coles V], Brooks MT, Hopkins J, et al. 2013.
The pathways and properties of the
Amazon River plume in the tropical north
Atlantic Ocean. ] Geophys Res: Oceans
118: 6894-913.

Debrot AO, Meesters HWG, Bron PS, et al.
2013. Marine debris in mangroves and on
the seabed: largely-neglected litter prob-
lems. Mar Pollut Bull 72: 1.

Fearnside PM. 2016. Brazilian politics threaten
environmental policies. Science 353: 746-48.

Fearnside PM. 2018. Why Brazil’s new presi-
dent poses an unprecedented threat to the
Amazon. Yale Environment 360, 8 Nov
2018. https://e360.yale.edu/features/why-
brazils-new-president-poses-an-unpre
cedented-threat-to-the-amazon. Viewed
14 Dec 2018.

IBGE (Instituto Brasileiro de Geografia e
Estatistica). 2018. Portal do Governo
Brasileiro. https://cidades.ibge.gov.br/brasil/
panorama. Viewed 16 Dec 2018.

Isaac V], Almeida MC, Giarrizzo T, et al. 2015.
Food consumption as indicator of the con-
servation of natural resources in riparian
communities of the Brazilian Amazon. An
Acad Bras Ciénc 87: 2229-42.

Jambeck JR, Geyer R, Wilcox C, et al. 2015.
Plastic waste inputs from land into the
ocean. Science 347: 768-71.

Karami A, Golieskardi A, Ho YB, et al. 2017.
Microplastics in eviscerated flesh and
excised organs of dried fish. Sci Rep 7:
5473.

MMA (Ministério do Meio Ambiente). 2015.
Gestao integrada de residuos solidos na
Amazdnia: a metodologia e os resultados
de sua aplicagdo. www.ibam.org.br/media/
arquivos/estudos/girs_amazonia_1.pdf.
Viewed 12 Nov 2018.

Pegado TSES, Schmid K, Winemiller KO, et
al. 2018. First evidence of microplastic

ingestion by fishes from the Amazon River
estuary. Mar Pollut Bull 133: 814-21.

Rochman CM, Tahir A, Williams SL, et al.
2015. Anthropogenic debris in seafood:
plastic debris and fibers from textiles in
fish and bivalves sold for human con-
sumption. Sci Rep 5: 14340.

Seltenrich N. 2015. New link in the food
chain? Marine plastic pollution and sea-
food safety. Environ Health Perspect 123:
A34.

=

Science communication in
a post-truth world:
promises and pitfalls

The mass decline of biodiversity (Ripple
et al. 2017) in this post-truth era
(Lewandowsky et al. 2017) means that
reliable and influential conservation sci-
ence communication is more important
than ever. In this era, truths and lies are
increasingly difficult to distinguish, pos-
ing a major challenge to science commu-
nication (Lewandowsky et al. 2017). As a
result, conservation scientists and man-
agers are grappling with new ways of
countering misinformation and sharing
factual information. Facebook, Twitter,
YouTube, Instagram, blogs, online news
outlets (eg The Conversation), webcom-
ics, and satirical articles all provide com-
munication opportunities, but we still
have a poor understanding of which of
these are most effective, and when and
where to best communicate science.
New technology, including algorithms
that detect false information, and proac-
tive campaigns against misinformation,
may help combat the effects of fake news
(Iyengar and Massey 2019). Somewhat
unsettling and problematic, however, is
that research suggests fake news is spread
on social media because humans, not
algorithms, choose to circulate false
information, because it is perceived as
novel (Vosoughi et al. 2018). As a result,
exceptionally creative, funny, or uncon-
ventional (Figure 1) communications
that surprise or shock audiences may
reach more people because they are more
engaging, even if not factual. In 2017,
science-related Facebook pages with the
highest online engagement (numbers of
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