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Trends and gaps in microplastics research
in Tropical freshwater ecosystems
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Abstract: Although the contamination of microplastics is a very recent topic, knowledge

increased rapidly, especially in the last decade. Despite this, freshwater ecosystems

have received less attention than marine ones, particularly in the tropics. Considering

the particularities of Tropical freshwater ecosystems that can be important in the

microplastics dynamic, such as the high rate of untreated water, the flooding dynamics

and high number of reservoirs, our review aims to present the state of the research

of microplastic contamination in Tropical freshwater ecosystems, emphasizing the

knowledge advances and existing gaps. We compared studies in different countries,

ecosystems and type of samples, and identified gaps and needs for futures research.

Although research and the complexity of studies have increased over the years, Tropical

freshwater ecosystems are still understudied. We emphasized the need for more studies

in African countries and Tropical Australia, as well as in reservoirs across all Tropical

regions. It is also crucial to evaluate contamination related to flooding dynamics and in

aquatic invertebrates. Advancements in research on this topic are essential to provide
a clear picture of the real problem in the tropics, leading to the possibility of better
mitigation and conservation actions in the future.

Key words: Aquatic environment, bibliometric review, plastic pollution, Tropical

ecosystems.

INTRODUCTION

The contamination of microplastics in different
environmental matrices is a major concern
globally. These particles are defined as synthetic
polymers ranging in size from 1 mm to 5 mm. In
the ocean, only 20% of the microplastic found
is the result of direct anthropic activities in
this environment, the remaining 80% reaches
the marine ecosystem from terrestrial sources,
with rivers being the main pathway (Lebreton
et al. 2017, Rochman 2018, Osman et al. 2023).
Microplastics have been documented in several
different organisms, including in humans (de
Sa et al. 2018, Osman et al. 2023). Although the
knowledge of their effects is still limited and
mostly focused on model organisms (Bhuyan
2022), it is known that the consequences to

exposure to microplastics are not only related
to the particle itself, but also to several
contaminants that can be adsorbed by the
particles (Li et al. 2018, Bhuyan 2022, Osman et
al. 2023).

The amount of microplastic particles found
in aquatic environments is strongly related
to anthropic activities. Both sewage and solid
waste are recognized as sources of microplastic
contamination. Landfills can produce
microplastics duetothe plastic litter degradation
(Kabir et al. 2023), and these particles can reach
water bodiesand groundwaterthroughthe runoff
and the leachate (Ferronato & Torretta 2019, He
et al. 2019). Although wastewater treatment can
remove more than 90% of microplastics, this
rate can vary greatly since its efficiency depends
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on microplastics characteristics and treatment
conditions (Ahmed et al. 2024). Regardless,
the wastewater effluent is still a major source
of contamination in freshwater environments
(Kay et al. 2018). This is a particularly critical
problem in the Tropical region, where only
seven countries are classified as developed
(high-income) (Fantom & Serajuddin 2016). Most
developing countries face extensive problems
related to the treatment and disposal of waste
and lack of policies and infrastructure to deal
with solid waste and water treatment (WWAP
2017, Ferronato & Torretta 2019). The rate of
untreated wastewater in those countries, which
can be released into water courses, can reach up
to 92% (WWAP 2017).

Microplastics can also enter aquatic
environments from terrestrial sources through
flood pulses. The flooding of terrestrial areas
during the rainy season is a key aspect of
tropical river dynamics (Welcomme 1985).
This process is an important source of trophic
resources, influencing the entire river basin and
its trophic web (Junk et al. 1989). However, the
microplastics retained inland can enter the river
during the flooding events (Song et al. 2020).
In addition to these factors, the presence of
large reservoirs in tropical rivers could also be
significant in microplastic dynamics, playing a
key role in freshwater ecosystems, as they can
act as sinks for these particles (Zhang et al. 2015,
Watkins et al. 2019, Liu et al. 2022).

Although it is a very recent topic, the
knowledge on microplastic contamination
increased rapidly, with a gradual rise in the
last decade (Liu et al. 2023). Despite this,
freshwater ecosystems have been receiving
less attention than the marine. By 2018, only
4% of the publications focused on freshwater
environments (Wagner & Lambert 2018).
Nevertheless, microplastics were reported
in different freshwater ecosystems across
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the world (Eerkes-Medrano et al. 2015) and
some freshwater bodies can present higher
concentrations of particles than estuarine and
coastal areas (Luo et al. 2019). Considering the
particularities of Tropical freshwater ecosystems
that can be important in the microplastics
dynamic, such as the high rate of untreated
water, the flooding dynamics and high number of
reservoirs, our review aims to present the state
of the research of microplastic contamination in
Tropical freshwater ecosystems. We compared
studies in different countries, ecosystems and
type of samples, in addition to present gaps and
needs for futures research.

MATERIALS AND METHODS
Tropical region

We considered as Tropical countries those with
at least half of its territory within the tropics
(23.5° N and 23.5° S). Although we found some
studies in the Himalayan and Andean regions
that were between the tropics, they were not
considered as tropical due to the high altitude,
which results in significantly different climatic
conditions. Nearly half of Australia’s territory
lies within the Tropics, but only a small portion
of the country has tropical conditions. Because
of this, when screening publications from
Australia, each study was assessed for whether
it was conducted in the tropical Australia; if not,
it was excluded.

Search strategy

We used Web of Science (all databases) and
Scopus to search for peer review studies on
microplastics in the Tropics and followed the
PRISMA guidelines for systematic reviews (Page
et al. 2021). We combined terms in English that
described the three aspects of the studies we
were interested in: microplastic, freshwater, and
tropical region (Table I). We selected papers that
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Table I. Methods used for the identification and exclusion of studies on microplastic contamination in Tropical
freshwater ecosystems, along with the data extracted from these studies.

Sections

Identification

Exclusion criteria

Web of Science: topic
Scopus: title-abs-key

Topic: microplastic*

Environment: freshwater* OR river* OR stream* OR lake* OR lagoon* OR reservoir* OR
groundwater OR “retention pond” OR peatland OR borehole

Region: tropic* OR neotropic* OR “Central America” OR “South America” OR Caribbean OR
“South Asia” OR “Southeast Asia” OR “Middle East” OR Africa OR Australia OR “Papua New
Guine” OR Mexico

Marine, estuary or brackish water studies
Gray literature (i.e,, thesis, conference abstracts, reports, papers in pre-print format, notes)
Experimental studies

Data extraction

Global review

Year

Country

Environment (e.g, river, lake, reservoir)

Type of sample (e.g., water, biota, sediment)

were published up to the date of the search (July
8, 2024).

Inclusion and exclusion criteria

We included papers that were not exclusively
focused on tropical regions, freshwater
environments, or microplastic contamination,
as long as part of the study also addressed
these aspects. We did not include (i) gray
literature, (ii) experimental studies, since
most of what we found were performed with
model organisms which it is not in the scope
of our review, (iii) studies in brackish water
and estuarine environments, and (iv) global
review papers because they typically provide
little or no information on tropical freshwater
environments.

Data extraction

We extracted five variables from each paper
(Table I, Supplementary Material - Table SI).
We divided the aim of the studies into five

Aim

categories: (1) descriptive, (2) analytical, (3)
modelling, (4) systematic review and, (5) meta-
analysis. We considered a paper descriptive
when it only describes the microplastic
contamination in a specific environment or
organism (i.e., quantification and types of
particles found). As for the analytical aim, were
considered studies that not only described the
contamination, but also focused on the causes,
consequences and/or variables influencing
the contamination; temporal and/or spatial
patterns; and/or risks assessments indices
based on microplastic contamination. For the
review papers, we were interested in only the
year of publication and studied country to avoid
overestimating and duplication of the results.
Many studies involved multiple environments,
countries, or sample types. In these cases, each
was counted individually.
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RESULTS

Initially, our search returned a total of 1,165
publications. After two rounds of screening, we
found 190 papers that met all of our criteria
(Figure 1). The first study was published in 2015
and it was the only one on that year. Before 2019,
only five studies had been published. After this,
there was a significant increase, with 61 studies
published in 2023 alone (Figure 2). The years
of 2021 and 2022 showed the smallest increase
in the number of publications, compared to
the previous year, with four and eight studies
published, respectively. This marked a notable
difference comparing to others years after 2019,

Web of Science (841) and
Scopus (322)

Identification

Total: 1,165

!

Screening | title, keywords
and abstract
(880)

v

Screening |I: full text
(332)

l

Studies included in review
(190)

Screening

Inclusion
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which had an increase around 20 papers per
year.

We found papers covering all the aims
that we previously categorized but this varied
by year and region (Figure 3). Most studies
were analytical and descriptive (46% and 33%,
respectively). We found only one paper using
modeling, which was published in 2024. The year
of 2021 showed differences in the patterns study
type. In general, after 2019, there was a constant
number of descriptive papers along the years,
while analytical studies increased. However, 2021
presented more descriptive studies, in addition
to a high number of review papers, making it the
year with the most published reviews.

Duplicates removed

r— (285)
Records excluded

(548)
Records excluded

(142)

Figure 1. Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flowchart adapted from

Page et al. (2021) describing the search protocol.
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India and Brazil were the most studied
countries, representing, together, 48% of the
total of papers in the tropical region. Asia was
the most studied region, followed by Latin
America and Africa (Figure 4). While we found
studies for most countries in Asia and Latin
America, in Africa, only eight countries were
studied. Additionally, we didn't find papers for
the tropical region of Australia.

Eight different Tropical freshwater
ecosystems were studied for microplastic
contamination (Figure 5). Rivers were the most
studied (57%), followed by lakes (21%) and
reservoirs (7%). Our search identified multiple
artificial water bodies in urban environments,
such as channels, lakes and stormwater
retention reservoirs. All of these environments
were grouped into the category urban water
bodies, representing 4.85% of the total. In all
the environments, the contamination of one or
more of the following was studied: water (40%),
biota (32%) and sediment (27%). Among the
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biota, fish and fish eggs, crustacean, mollusk,
insect, plant and stingray were studied (Figure
5). There was a predominance of studies with
fish, regardless of the region, which were studied
at least ten times more than other organisms. In
addition, nine of the studies with fish, used fish
bought from markets to analyze the microplastic
contamination. The other organisms were
represented by only one to five occurrences in
the publications.

DISCUSSION

Microplastic contamination is a recent research
topic, especially for freshwater environments.
Our results show that studies in the Tropical
region began less than ten years ago. In the
following four years, only ten studies were
published. Publications over the years for the
Tropical region followed the pattern found
for freshwater environments for the whole
globe, which had its first studies in 2013 and

Figure 2. Number of
publications on microplastics
contamination in freshwater
ecosystems of the Tropical
region along with the aims

of the studies for each year.
The black line represents

the cumulative number of
publications.

Study aim
Analytical
Descriptive

. Meta-analysis
Sistematic Review
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then showed a slow increase until 2019 (Wang
et al. 2023). Although Tropical freshwater
environments have been gaining interest and a
fast increase in publications in the last years, by
2022 it still accounted for only 14% of the studies
of the world (Wang et al. 2023).

The last three years’ studies increased
in complexity. In 2022, a meta-analysis was
published, and in 2024 a study using modeling.
Both were the first and, until now, the only
studies of their kind in freshwater environments
of the tropical region. With the exception of 2021,
there has been a continuous increase in the
number of analytical studies over the years. The
increase in the number of publications and more
complex studies shows significant progress to
the knowledge of microplastic contamination in
the tropics and in the freshwater environments,
and this seems to be a pattern to be continued.
As of mid-2024, there are 25 publications
encompassing all five types of study: descriptive,
analytical, modeling, meta-analysis, and review.

The reviews have presented important
syntheses and overviews of the knowledge

Asia

Latin America{

Region in the Tropics

Africa
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available for some regions of the tropics,
representing an advance in this field. They
focused on different aspects, such as the
contamination of water, sediment, fish and
others. However, they are often focused on
a specific river basin, country or continent.
Considering the tropics, the only reviews
available that compare different continents
focus in Latin America countries and Caribbean.

The small increase in the number of
publications between 2021 and 2022, together
with the high number of descriptive and review
papers instead of analytical, especially in 2021,
could be a reflection of the consequences of
the COVID-19 pandemic on science. Although
there was growth in productivity, grants
offered, and publications in research related to
COVID-19, other areas were significantly affected
(Omary et al. 2020). The social distancing and
increase of remote work have led to a decrease
in the productivity of scientists of different
areas for multiple reasons, such as increased
responsibilities of parents due to the daycares
being closed, poor mental health, the absence

Study aim

Analytical
Descriptive

B Meta-analysis
Modeling
Sistematic Review

0 25

50 75

Occurrences in studies
Figure 3. Number of publications in each region of the Tropics, along with the aims of the studies for each region.
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of an adequate work environment at home and
difficulty in finding new funding for research (Heo
et al. 2022). Yet, besides these consequences,
the research areas that need laboratory facilities
and field work, which is the case for microplastic
contamination studies, were severely affected
(Omary et al. 2020, Heo et al. 2022). The restricted
access to laboratories and canceled field trips
slowed and decreased the productivity in these
areas. Even in the beginning of the COVID-19
pandemic, some journals in aquatic sciences
presented low submission rates (Hobday et al.
2020).

India and Brazil represent significant
advances in the knowledge of microplastics
contamination in Tropical regions. Both are
among the largest producers of plastic waste in
the world (Law et al. 2020). Although the total
number of publications in these countries is still
small, especially in relation to their size, most of
their studies are more complex, including, for
example, spatial and temporal assessments and
the association of microplastic particles with
other contaminants. They also have descriptive
studies, which are essential for developing a

MICROPLASTICS RESEARCH IN TROPICAL FRESHWATER

strong base of the knowledge, and some reviews
that summarize the knowledge. Additionally,
studies from these countries evaluated the
contamination in different samples, such as
water, sediment and various organisms.

Africa was the region with less studied
countries, Nigeria is the only country with more
than six papers. Most of the tropical countries
in Africa are classified as low or lower-middle
income (Fantom & Serajuddin 2016). Along
with inadequate funding for the research
(Hydén 2017), these countries struggle both to
access high-quality scientific journals and to
publish in them. This is a problem caused by
the high fees charged to publish in the Open
Access system, where low and lower-income
countries lack funding to cover these expenses
and cannot personally pay with an ecologist’s
salary (Mekonnen et al. 2022, Tomillo et al. 2022).
Unlike other countries in Africa, Nigeria has a
fund to pay for publications fee, it is still a very
competitive process, but this explains the higher
number in studies of that country (Mekonnen et
al. 2022).

Number of studies
0o

01-5
@6-10

@ 11-20
@>21

Figure 4. Map showing the countries in the Tropical region, along with the number of publications per country.
The dotted line indicates the Tropics, while the countries shown in white were excluded from the tropical

classification.
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Rivers accounted for almost half of the
total studied environments and were studied
across all Tropical regions. In addition to
their high representation, compared to others
environments, rivers also exhibited a balanced
number of studies in all the sample types: water,
sediment and biota. Although less studied than
marine environments (Wagner & Lambert 2018),
rivers are the main pathway of microplastic from
terrestrial to estuarine and marine ecosystems
(Lebreton et al. 2017, Lambert & Wagner 2018,
Rochman 2018). And it's contamination can also
be similar to marine environments (Eerkes-
Medrano et al. 2015).

Lentic ecosystems, especially reservoirs,
play a key role in microplastic dynamics. They
can act as sinks, accumulating these particles,
particularly in sediments (Watkins et al. 2019).
The lentic ecosystems represent 32.6% of the
studies in the tropics. Research on reservoirs
in the tropics began only in 2019 and, although
reservoirs of all regions were studied, there are
only nine publications on this ecosystem. Across
the Northern Hemisphere, microplastics have
been well documented in lakes and reservoirs
within a wide range of population densities and
sizes, with concentrations higher than some
very affected locations in the ocean (Nava et al.
2023). Although tropical countries have a high
number of reservoirs (Lehner et al. 2011) this is
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still an understudied environment that needs
further research, especially because, compared
to temperate reservoirs, they generally have
large areas and longer residence time.

Interaction of microplastic with several
aquatic organisms were documented around the
world, with ingestion rates and effects varying
among different species (Tang et al. 2021). The
studied organisms in Tropical freshwaters
follow a global trend — with fish, crustacean and
mollusk being the most studied from both fresh
and seawater (de Sa et al. 2018). Globally these
three organisms are targeted by a high number
of publications (de Sa et al. 2018), however, in the
Tropical region, the numbers were uneven, with
fish being studied at least ten times more than
all the others. This emphasizes the significant
knowledge advances on Tropical fish. There are
both descriptive and more complex studies on
fish in all tropical regions in different lentic
and lotic ecosystems. These fish were mainly
sampled in the wild but there are also studies
investigating the contamination in fish that
are sold in markets for human consumption.
Additionally, one study evaluated the eggs of
commercially exploited fish.

Insects, stingrays, and plants only appeared
once in our search. While the first two were
part of descriptive studies, the study on plants
is more complex, analyzing the efficiency of

B
mollusk r p—
crustacean“
Sample type
Biota fish
. Water
Sediment

Figure 5. Number of publications in freshwater ecosystems in the Tropical region along with the sample type
analyzed in each one (a) and, the freshwater organisms that were studied within these ecosystems (b).
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microplastic removal by two different species.
Although crustaceans were the focus of only
four papers, these includes all Tropical regions
and both lentic and lotic environments. As for
mollusks, the studies are mainly analytical and
were conducted in Africa and Asia.

RESEARCH GAPS AND FUTURE DIRECTIONS

We presented an overview of the current
research on microplastics contamination in
Tropical freshwater environments, emphasizing
the knowledge advances and existing gaps.
Although research and the complexity of studies
have increased over the years, the Tropical
region and its freshwater environments are still
understudied. Furthermore, we highlight the
need for future research in countries in Africa
and in the tropical region of Australia, which are
still understudied compared to other tropical
regions. Regarding the environments, reservoirs
deserve more attention, since recent research
has shown high levels of contamination of
microplastics in these environments (Watkins et
al. 2019), which can be acting as sinks for these
particles. Whether the trapping of particles in
reservoirs represents a beneficial process for
the downstream areas and, subsequently, the
oceans, or poses a significant risk to aquatic
organisms of the reservoir, remains unclear and
needs further investigation.

Tropical river basins often flood over large
terrestrial areas flood pulses in the rainy season
(Welcomme 1985). The flooding process could
be acting both as a source of microplastic for
aquatic environments, transporting the particles
from terrestrial areas, and as a sink for terrestrial
particles. This dynamic has not been thoroughly
explored in the tropics and deserves more
attention. Moreover, less than 5% of the studied
environments in the Tropical region are urban
waterbodies. We emphasize the need for future

MICROPLASTICS RESEARCH IN TROPICAL FRESHWATER

research in these environments, since they can
provide valuable insights of the contamination
in urban centers. Additionally, some of these
environments can be discharged in natural
waterbodies, being a source of microplastics in
these ecosystems.

The ingestion and effects of microplastic
particles on aquatic invertebrates also need to
be addressed in future studies, in addition to
the consequences for these organisms. They
could also be impacting the food web and, some
of them, such as crustaceans and mollusks, are
consumed by humans, exposing them to health
issues (Alberghini et al. 2022, Bhuyan 2022).

Freshwater environments provide several
ecosystem services for humans, with their
quality being essential to human use (Sterner
et al. 2020, Petsch et al. 2023). Some of these
services can be a source of microplastics in this
environment, potentially affecting human health
(Alberghini et al. 2022, Bhuyan 2022). This is a
major challenge in developing countries of the
tropical region, which are still facing problems
with water quality and waste treatment (WWAP,
2017). Advancements in research on this topic
are essential to provide a clear picture of the real
problem in the tropics, leading to the possibility
of better mitigation and conservation actions in
the future.
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