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The ubiquity of microplastics ecosystems has gained global attention. In this context, Latin
America, which is responsible for 8% of the world’s consumption of plastic material and has a
small recycling rate (4.5%), does not have enough data on microplastics contamination in its
environmental matrices. This systematic review analyzed 196 studies from 16 territorials in Latin
America and provided information about the current state of knowledge regarding the abundance,
distribution, and associated impact of microplastics in different matrices. This review also
describes the analytical procedures of sampling, extraction, identification, and characterization
methodologies adopted by the literature review. The analysis shows that most of the studies that
investigate microplastics abundance were carried out in the marine environment (59%), and there
is an insufficient investigation on microplastics abundance in freshwater bodies (16%). Among all
the studies, the highest microplastics concentration was observed in regions with high population
density and/or in locations without proper sanitation and solid waste management. Additionally,
the difference among microplastics abundance in the studies might be associated with the different
analytical procedures employed to investigate microplastics. Lastly, knowledge gaps are identified,
and recommendations are proposed to guide future studies on microplastics contamination.
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1. Introduction

The exponential growth of the plastic industry is a
consequence of the remarkable features of plastic material
as lightweight, resistance, low manufacturing costs, and
versatility.'> Therefore, these materials are employed in
many different areas of industry, agriculture, and medicine,
where a large amount of the plastic manufactured is
destined for packaging, comprehending products that are
discarded in less than 1 year.** Latin America is responsible
for 8% of the global consumption of plastic material and
produces more than 17,000 tons per day of plastic waste.’
Considering the small percentage of recycled wastes
(4.5%), most of these materials are incinerated or taken to
landfills, where poor waste management results in large
proportions of plastic wastes reaching the environment.®’
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Editors handled this article: Eduardo Carasek and Maria Cristina Canela
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Most of the marine debris originates from land-based
sources, once the mismanaged plastic might be transported
through rivers and lakes to the oceans.® Latin America
comprises two out of the 20 most polluted rivers globally,
estimated by the global plastic input model.® The Amazon
River that runs through Brazil, Colombia, Ecuador, and
Peru is expected to contribute to the ocean with up to
63,800 tons of plastic waste every year, and the Magdalena
River in Colombia with up to 29,500 tons of plastic waste.®

The accumulation of plastic litter includes debris in
a wide range of sizes (macro, meso, micro, and nano), in
which a great part is composed of microplastics, particles
with a size length between 0.001 and 5 mm.*!° The research
upon determination and quantification of microplastics has
grown in the last two decades, evidencing that these plastic
particles are ubiquitous in the environment, once their
presence was already been reported in remote areas of the
planet.!"'* The spread of microplastics in the environment
is usually associated with anthropogenic activities, land
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use, and population density. Nevertheless, microplastics
characteristics and environmental factors are also important
elements that influence and control the distribution and
presence of microplastics in the environmental matrices.'*'®

The risks associated with microplastics contamination
are widely reported since their presence in the environment
might cause both physical and toxicological effects.
Physical effects are the result of the microplastics ingestion
by organisms which might lead to interior damage (e.g.,
block of the digestive tract, injuries, and false satiation).
The toxicological effects are related to the potential
toxicity of microplastics due to the release of compounds
present in the plastic particles which are incorporated
into it during manufacturing and its potential to sorb
surrounding contaminants in the environment. Therefore,
microplastics can act as routes for these contaminants,
which can potentially be ingested by organisms, resulting
in their bioaccumulation and biomagnification.!”-?!
Additionally, these particles also serve as microbe
aggregating devices, being colonized by bacteria, algae, and
other microorganisms that gather around the microplastics
forming the plastisphere, raising the concern about
transportation of pathogens and invasive species through
environments, threatening the biodiversity.?> Microplastics
can also threaten human beings since recent studies have
already reported the presence of these particles in the
human placenta and their genotoxic potential in human
peripheral blood lymphocytes.?**

Microplastics contaminations have been broadly
reported throughout Europe, Asia, and North America;
however, in the underdeveloped regions, research is still
limited.”>* The first study in Latin America regarding
microplastics was in 2009, where Ivar do Sul et al.,”
reported the presence of small plastic fragments and
pellets on the beaches of Fernando de Noronha. Scientific
research in microplastics had little attention in the
following years in Latin America, evidenced by the lower
scientific production (1-5 published papers per year).
The significant increase of microplastics studies in the
region occurred in the past 4 years, reflecting the rise
of public concern about this ubiquitous contaminant.
Nevertheless, the lack of microplastics knowledge on
aspects such as occurrence, transport, fate, and impacts
highlight that further investigation is urgently needed.
Given these points, the present review aims to screen how
research about microplastics in environmental samples
in Latin America has been conducted. The following
topics are presented: (i) summarize the main sampling,
extracting, and characterization methods used in the
different environmental compartments, (i) provide a better
understanding of microplastics contamination/abundance
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in Latin America countries, (iii) gather information on
the studied impacts and toxicological effects caused by
microplastics and (iv) identify the current gaps regarding
these particles in Latin America.

2. Literature Search and Article Metrics

The literature search was systematically performed on
two databases, Scopus and Web of Science, using keywords
and phrases joined by Boolean operators “AND” and “OR”.
Title, abstract, and keywords were queried. The keywords
used in the research process were: (microplastic* OR
“microplastic* pollution” OR “plastic debris” OR “marine
debris” OR “marine litter” OR microfiber* OR “plastic
pellet*” OR “plastic fragment*””) AND (freshwater OR
“water column” OR “surface water” OR seawater OR
sediment* OR beach* OR soil* OR “marine water” OR
estuary OR bay OR “drinking water” OR river* OR stream*
OR lake* OR brackish OR plastisphere OR runoff OR
“storm water”” OR accumulation OR ingestion OR gut OR
stomach OR “digestive tract” OR “gastrointestinal tract”
OR ¢gill OR invertebrate OR vertebrate OR habits OR
feces OR transfer OR trophic OR “food web” OR “food
chain” OR ecotoxicology OR toxicity OR seafood OR
genotoxicity OR intake OR diet OR “feeding behavior”).
The keywords were selected to retrieve as many relevant
publications as possible. Data filters were used to limit
literature hits to peer-reviewed articles. In addition, we
used country filters to select only articles from the Latin
American region.

The literature retrieval was conducted from 1990 to 31
May 2021. It is important to highlight that in the present
review, all the papers that investigate the presence of
pellets were considered even if the microplastic term was
not mentioned since it is reported in the literature that
plastic pellets have sizes within the range of microplastics
definition. The literature search yielded 518 records from
Scopus and 636 from Web of Science. The records were
exported to the Rayyan web app for data management and
screening. After the screening, 196 studies were selected
to perform the present review (Figure 1). For comparison
purposes, some papers were chosen out of the study area
(i.e., Latin America), and the selection criteria were based
on the similarity with Latin America studies. Similar
sampling, processing, data treatment, and presentation
protocols were some of the applied criteria, such as
environmental contaminants and compartments (e.g.,
freshwater, seawater, and soil).

The purpose of this research was to identify all available
papers reporting microplastics abundance, distribution,
effects, and associated contaminants in three different
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Research question
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Figure 1. The literature retrieval process is used to find and analyze
studies on microplastics in environmental samples from Latin America.

matrices, including water, sediment/soil, and biota. Among
the studies under review, 24 performed investigations
regarding microplastics in two or more categories of
matrices. These papers were counted separately, which sums
a total of 220 studies. Most studies (77%) were published
after 2018. Figure 2 shows all the reviewed papers with
studies performed in the 16 Latin American territorials
regarding microplastics and their relationship with the
investigated matrices. Among all the studies, a total of 83%
were conducted in four countries, where Brazil represents
53%, Argentina 11%, Chile 10%, and Mexico 9%.

3. Analytical Procedures
3.1. Quality assurance and quality control

Quality assurance (QA) and quality control (QC) are
practices that should be considered early throughout any
study. Therefore, in microplastics investigations, QA/QC
are recommended to be included in sampling, extraction,
and analysis processes. The quality control will undoubtedly
improve and ensure the reliability and comparability of the
obtained data.*® Thus, results of studies without the proper
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Figure 2. Cord diagram regarding the relation of countries and investigated
matrices reporting the presence of microplastics. The width of each node
is proportional to the number of studies.

procedures of contamination control measurement might
demonstrate incorrect data about the assessment of the
presence of microplastics in the ecosystem and its impact
on the biota.’!

The literature mentioned procedures, care, and steps
that can be performed to improve the quality of data,
such as (i) all the team that will work with microplastics
samples should wear cotton lab coats and nitrile gloves;
(ii) if possible, the analysis should be done in a room with
limited people and in a clean bench (i.e., laminar flow or
safety cabinet); (iif) it is recommended that the materials
used during the processes should be made of glass; (iv)
all the working solutions, including the water, should be
filtered (at least two times) on the same or smaller size
pore size filters used for the sample, to ensure the absence
of particles; (v) all the material should be covered with tin
foil and only opened when necessary with the intention
to prevent airborne contamination; (vi) if possible, blank
controls of the sampling collection and treatment should
be used (i.e., controls of airborne contamination with open
filters, and blank procedural with water samples).

Therefore, as the contamination cannot be 100%
excluded, different controls are highly recommended. These
procedures and care aim to evaluate all the possible sources
of contamination (airborne, operator, and chemicals) during
the processing of the microplastics samples.** Among the
articles under review, 90 studies mentioned at least one
procedure or measure to prevent contamination (48% of the
total studies that performed microplastics determination,
184 studies). Blanks with open filters to control the airborne



306 Microplastics in Latin America Ecosystems

contamination were employed in 29% and blank procedural
in 26% among the studies under review. Other QA/QC,
such as clean-up of the lab and filtration of reagents, were
mentioned as well. The false-positive microplastics were
excluded from the samples in the studies where significant
contamination was detected. For instance, Castro et al.,*
observed a level of contamination from airborne with open
filters of 0.5 microplastic per sample, where 75 fibers were
smaller than 1 mm, and in general, the most common colors
were blue and black. Neto et al.*® detected in their control
with open filters a total of 28 particles with shapes similar to
fibers and lines. It is also mentioned that even with quality
measures, contamination is present, showing the ubiquity
of plastics in the laboratory environment.” These studies
show the importance to carrying out QA/QC procedures
to reduce microplastics contamination.

Additionally, in some studies, fibers were not taken into
account in the total estimation of microplastics because
of the risk of contamination from the airborne particles
during the collection and processing of the samples.’%
Since the literature already reported that fibers are the main
microplastics present in the atmosphere, it is also assumed
that they might represent a substantial source of airborne
contamination during microplastics processing.*** Some
reviewed studies considered contamination negligible when
the number of items in the blank samples is significantly
smaller than the particles observed in the samples.** For
instance, Birnstiel et al.,** observed two items in their
control samples, which were considered negligible.
Pazos et al.** mentioned a number of 1 to 6 items in the
control samples, which were also considered negligible in
the total accounting of microplastics.

3.2. Sampling procedure for microplastics

The methods used to collect microplastics can broadly
vary since they depend on the matrix to be sampled,
the available instrument, and the size of microplastics
to be targeted. In the studies under review, 184 among
220 performed the determination of microplastics in
environmental matrices (water, sediment/soil, or biota).
At the same time, 36 conducted investigations concerning
impacts and toxicological effects caused by microplastics
in organisms or the accumulation of contaminants in
microplastics. Microplastics investigation was primarily
performed in biota samples (41%), followed by sediment/
s0il (37%) and water (22%) (Figure 3). Marine and estuarine
waters had the predominance, totaling 59 and 20%,
respectively, of the studies regarding the determination of
microplastics. Investigation of contamination in freshwater
was conducted in 16% among the reviewed studies and
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terrestrial samples in 5%. These numbers highlight the
need to carry out more studies in freshwater and terrestrial

environments.
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Figure 3. Distribution of publications regarding the microplastics
determination in different environmental matrices (n = 184). Studies that
performed investigation on more than one matrix are counted in each
matrix node separately. The width of each node is proportional to the
number of studies for that node.

The sampling of microplastics from aqueous matrices
is usually described with water sampling from surface
and subsurface. However, the distribution of microplastics
can vary in the water bodies since their mobility differs
mainly in terms of their shape, density, and composition.
In the literature, there are many sampling procedures for
collecting microplastics from water, usually performed with
neuston, plankton, or zooplankton nets, which can collect
a large volume of water and improve reproducibility. This
procedure is often used to collect surface water samples;
nonetheless, microplastics sampling with sieving, pumps,
bottles, and buckets is used, allowing a more straightforward
sampling of column water.

Microplastics from water bodies were predominantly
collected with trawl nets (76%); however, bottles (15%)
and buckets (7%) were employed as well. The sampling
depth is an aspect that must be considered but is not
always mentioned.” The sampling depth was recorded in
48% of the studies and varied depending on the sampling
procedure. The depth recorded varied from 0.20 m
(sampling with trawls) up to 6.0 m (bulk sampling from
the subsurface). The trawling duration varied from 3 to
60 min, and the speed from 1 to 4 knots. In samplings with
nets, 70% of the articles had mentioned using a flowmeter,
20% of the studies calculated just theoretically the water
volume, 3% calculated the sampling area, and 7% did not
mention how the volume was measured.

The size of microplastics found in the samples will
depend on the mesh size employed during the sampling.
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Studies report the use of nets with pore sizes varying
from 20 to 5000 um. The nets between 300 and 350 um
were the most used (48%), followed by nets with a
mesh size < 300 um (42%). However, it is important to
highlight that the use of larger pore sizes can overlook
smaller microplastics. Figueiredo and Vianna,* conducted
sampling with different mesh sizes (64 and 200 um) and
observed that microplastic particle abundance was ca. 1.5 to
6.8-fold higher in samples collected with the 64 pym mesh
than in 200 um mesh net. In addition, it is mentioned
that the use of nets with a small pore size (ca. 100 um)
can quickly clog during the sampling due to organic and
mineral material in suspension leading to a reduction in the
volume of water sampled.*’ Therefore, it is recommended
that sampling with these nets should be performed for a
short period of time. A solution may be the use of filtration
or sieving with buckets which makes it possible to use
smaller mesh. This type of sampling has the advantage of
not requiring a vessel. On the other hand, they can be a
time-consuming sampling strategy that generally collects
lower water volumes than trawl nets samplings.

The distribution and abundance of microplastics
in sediments/soils are influenced mainly by their
characteristics and environmental factors such as wind and
currents.*®* Therefore, sediments are generally sampled
from the beach or water bottom (ocean, sea, lake, and/or
river), and the distribution is shown in Figure 3. Regarding
marine environments, it is reported that tide line variation
is an important factor in the distribution of marine litter on
the beaches, highlighting the importance of evaluating the
tide line in microplastics determination and distribution
in these matrices.’' Therefore, on beach samplings, a total
of 52% of studies had mentioned the tide line, where 78%
sampled microplastics in the high tide.

Sampling depth is another factor that should be
evaluated. In the studies reviewed, 62% of all mentioned
the depth of the collection. In general, the sampling depth
varied between 0 and 1.50 m, and most of the samples
were collected in a single sediment depth up to 5 cm deep.
One study”? collected sediment samples with 0.1 m depth
intervals until a depth of 1.0 m. Another study* performed
sand sampling at three depth strata (0-20, 20-40, and
40-60 cm). A third one®' collected samples at three different
depth layers on the beach, surface column (0-5 cm), middle
column (6-19 cm), and deep column (20-25 cm). The tools
mentioned to sampling sediments were shovels, spatula,
and core. Regarding samples collected from the bottom
sediment, sampling was commonly performed with Van
Veen grabs.

Distribution of studies in biota are also shown in
Figure 4 and, regarding specimens, fishes were the most
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investigated organisms to quantify the contamination by
microplastics, representing 53% of the studies, followed by
bivalves, 11%, and crustaceous, 10%. Other organisms were
also inspected, including tadpoles, turtles, birds, annelid,
anemones, longnose stingrays, and marine mammals. The
organisms were commonly captured in the field with nets,
purchased in fish markets, or collected on the beaches.
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Figure 4. The number of specimens investigated in the literature reviewed.
The studies were classified as either marine, estuary, freshwater, or
terrestrial.

The literature reports that after collection and before
the analyses in the laboratory, living organisms should be
frozen or refrigerated at —20 °C, desiccated, or preserved
in fixatives such as formalin, ethanol, or formaldehyde.*>*
These processes are recommended since defecation might
occur from 30 min to 150 h after catching. The excretion
might eliminate the particles, leading to underestimating
microplastic amounts into the studied organism. Therefore,
the time between sampling, preservation, and analysis must
be as short as possible.** In the reviewed studies, 62% of
the articles had mentioned refrigeration, desiccation, or
fixation of the organisms after sampling. All the studies
have mentioned the part of the exanimate individual, where
48% of the studies investigated the gastrointestinal tract,
and 25% exanimated the stomach.

3.3. Sample processing of microplastics

Filtering or sieving enables microplastics to be
separated and/or fractionated from environmental matrices.
The choice of pore or mesh determines the size range of
microplastics that will be detected in the sample. Sieving
is also used as a pre-treatment to reduce sample volume.*’
In the studies reviewed, the mesh size used to sieve water
samples were mainly within the range of 25 pm to 5 mm. In
addition, the pore size used in the filtration process was in
the range of 0.02 um to 8 pm. Sediment and soils samples
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often used a sieve with a mesh size of 63 um to 5 mm and
filtration in the range of 0.45 um to 8 um.

Digestion is a crucial process in environmental
samples since it is responsible for reducing and
eliminating organic matter and biological material, which
might cause overestimation and/or underestimation
of the microplastics concentration. Likewise, the use
of a digestion step is highly recommended when the
microplastics identification is mainly performed by visual
inspection. In the studies under review, the digestion
methods most used were oxidative and alkaline, although
acid and enzymatic digestions were also employed. A
digestion process was conducted in 48% of the surface
water samples (Figure 5). The most frequently used
solutions were H,0, 30% and KOH 15%. The digestion
time ranged from 1 min to 72 h. Heating was usually
employed during digestion with temperatures in the
range of 40 to 75 °C. Montecinos et al.® submitted the
samples to different processing procedures. Procedure A
employed only evaporation to concentrate the sample,
and procedure B was based upon oxidative digestion
to eliminate the organic matter. According to the
study, organic material was not detected in the sample
submitted to digestion, which significantly facilitates the
quantification and characterization of the microplastics.
On the other hand, the sample subjected to procedure A had
a large amount of adhered organic material, which makes
it challenging to quantify and characterize microplastics.
These aspects show the importance of carrying out the
digestion when environmental matrices are considered.

A digestion procedure was conducted in 24% of the
studies for sediment samples. The oxidation procedure
was most used (81%) with H,0, 30% as a digestion
reagent (Figure 5). Studies that performed determination
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Figure 5. The digestion methods used in the different compartments
among the studies under review. The “other” category refers to studies
that tested two digestion processes.
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of microplastics in sediments from the marine environment
did not conduct digestion processes in the samples.5

For the determination of microplastics in biota
samples, the digestion step was conducted in 43% of
the studies. The methods most used in biota samples
were based on alkaline (47%) and oxidizing procedures
(41%). Other procedures used HNO, 65% (3%), and
enzymatic digestions (3%) (Figure 5). Ferndndez
Severini et al.®! conducted a digestion process employing
KOH 10% during 48 h for a group of samples and H,0,
during 72 h for another group. The treatment with KOH
resulted in a higher average abundance of microplastics
when compared to the one using H,0,. Digestion with
KOH is already mentioned as an effective method to
eliminate organic matter from biota samples, leading to
a better sample clean-up, improving the identification
of microplastics.®*%* The digestion with H,O, is not
usually recommended to treat biota samples, according
to the literature,* since this method is not effective to
remove biological material from biota samples. Another
study® employed two different digestion processes in
the samples, one with HNO, for 12 h and the other with
H,0, for 7 days, in which more complete digestion was
observed in the group of samples treated with acid.

The period of treatment varies highly depending on
the digestion process. Alkaline digestion is usually carried
out during a period between 24 to 48 h. The oxidative
process was frequently conducted up to the final digestion.
Acid treatment had the shortest time of digestion, varying
between 15 to 30 min. The only study that had employed
enzyme digestion carried out the treatment during 3 h.%
Additionally, the heating temperature usually employed in
the digestion processes ranged from 40 to 80 °C.

Density separation is usually done with NaCl with
different densities. The large use of this salt is due to its low
toxicity to nature and humans, its inexpensiveness, as well
as high availability. Although, if possible, an experiment to
evaluate the efficiency of separation should be performed
to guarantee the split-up of the denser polymer such as
polyvinyl chloride (PVC) and polyethylene terephthalate
(PET). Silva and Nanny®” experimented to evaluate
the density separation efficiency with sodium chloride
solution 1.2 g cm in different polymers. In their study, the
efficiency for low-density microplastics (polystyrene (PS),
polyethylene (PE), and polypropylene (PP)) was 93% while
for high-density microplastics (PVC and PET) was 79%.
Therefore, other salts might be used such as zinc chloride
(ZnCl,) and sodium iodide (Nal) with densities of 1.4-1.6
and 1.6-1.8 g cm™, respectively.*’

In water samples, flotation was used in 30% of the
studies where NaCl was the most commonly used solution
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(92%) followed by Nal (8%). For sediment samples, 68%
of the studies under review used the flotation process, in
which NaCl was most of the saturated solution employed
in 54% of the studies, followed by ZnCl, (17%) and marine
water (13%). Three other studies conducted flotation with
calcium chloride (CaCl,), hexametaphosphate, or water.
Another study®® conducted microplastics extraction from
soil with density separation in three steps. First, with water,
then with NaCl, and finally with ZnCl,. Density separation
in biota samples was performed only in 8% of all the
studies, where the reagents used were NaCl, magnesium
chloride, and water.

3.4. Characterization of microplastics

Among all the reviewed studies from Latin America,
visual inspection using a stereoscope/microscope or
with the naked eye is the most common technique for
microplastics characterization and quantification in the
environmental matrices. However, visual inspection has
accuracy limitations which depend on the experience of
the examiner, resolution of microscope equipment, and
mainly by the clean-up of the filter (i.e., a large amount
of organic matter, inorganic material, or biological tissue
could difficult the identification), which may lead to either
over or underestimations of microplastics abundance in the
sample.®° Therefore, for those particles that have been
identified as microplastics by visual inspection, chemical
characterization to confirm their polymeric composition is
highly recommended.

Microplastics were commonly classified by color,
shape, and size. Color information of microplastics is
a powerful tool that might provide evidence about their
origin and source.”"’? Color data was recorded in 67%
of all reviewed studies, where the most common colors
observed among all the matrices white/transparent and blue,
with 38 and 33% of frequency, respectively. In water and
biota samples, blue was the most frequent color cited in the
studies, with 46 and 42%, respectively. On the other hand,
in sediment samples white/transparent were predominant
in 61% of the studies while blue was recorded in 15% of
them as the most abundant color. The authors mentioned
that a reason for the predominance of these colors is because
blue and white/transparent are employed in several items
and objects (e.g., jeans, fishing activities, plastic bags,
bottles, cups, etc.).”>7

In biota samples, the authors suggested that the ingestion
of blue particles might be explained by the selection of
some species to colored microplastics since they can
assume that these particles are prey or food.”¢ In addition,
it is mentioned in the literature that colored microplastics
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are more visually attractive than fading particles.””’
Rios et al.” investigated the presence of microplastics in
water and fishes finding that white/transparent particles
were the prevalent colors of both water and fish. According
to the reviewed articles, it is observed that there is a pattern
of microplastics colors ingested by biota and those found in
water matrices. Blue and white/transparent were the most
colors found in water and sediment samples, as shown in
Figure 6, thus they may be more available and susceptible
to be ingested by biota. This fact may explain why the same
colors were more frequently recorded in the biota samples
among the reviewed studies.

The shapes of microplastics were described in 89%,
in which fibers, fragments, and pellets were the most
observed microplastics. Among the investigations, fibers
were the most frequent shape, reported in 49% of all the
studies, followed by fragment with 34%, and pellet with
13%. Nonetheless, other shapes such as films, filament,
and foam were reported as common shapes as well. In
water matrices (Figure 6), fibers account for 50% of the
studies, followed by fragments 47%, and films 3%. In
this matrix, fibers had predominance in samples collected
in marine and estuarine regions.>*”® In biota, fibers and
filaments were present in the majority proportion of the
studies (64%). Other commonly observed shapes in biota
samples were fragments (23%), and pellets (12%), and
only 1% of the studies show the predominance by film-
like microplastics.* For instance, fish species from estuary
regions of Brazil presented fibers as the predominant shape
ingested, with 90% of all detected microplastics.?' These
results indicate that fibers have higher bioavailability than
other shapes. In literature, a possible source of fibers in the
marine environment is related to the discharge of sewage
without proper treatment, since fibers are mainly derived
from household washings.578!:82

On the contrary, as observed in Figure 6, fragments
were the most frequent shape found in sediment samples
(39%), followed by fibers (34%) and pellets (21%). Among
all the investigations carried out on the beaches along
with Latin America, fragments and pellets were the most
common shape found. For example, on the beaches of
Fernando de Noronha, pellets represented 60% of all the
items found.®® Sand samples collected from Boa Viagem
beach also show the prevalence of small fragments.*’
Sediment samples sampling from Todos os Santos Bay
presented a predominance of the fragments (70 + 19%),
followed by fibers (28 + 18%).* Studies® have also reported
the predominance of fragments in sediment samples
of stormwater detention reservoirs, where fragments
represent 57% of all the microplastics detected. Fragments
of microplastics are mainly originated by fragmentation
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Figure 6. Percentage of predominant (a) shapes and (b) colors of microplastics recorded in the reviewed studies on the different matrices.

and degradation of large plastic items present in the
environment. Acosta-Coley et al.®> show that many pellets
recovered from Caribbean beaches were fragile and had
lost their physical integrity, degrading into other tiny
particles. The presence of pellets in environmental samples
is usually correlated with spilled during transportation or
from washings of plastics factories.

The size of microplastics was recorded in 98 studies
(53%) of the 184 that performed microplastics determination.
Among the studies, the size range of microplastics used was
from 0.001 to 5 mm, which is a well-described definition
in the literature.”'° Microplastics were categorized into
different size fractions which were difficult for the standard
characterization. In several studies, microplastic in the
size class < 1 mm was the most abundant (48%). For
example, in the Jurujuba Cove, the microplastics collected
from the water were classified into four classes: > 5 mm;
3<—<5mm; 1 <—<3 mmand < 1 mm, where the majority
size of microplastics was < 1 mm.3 Microplastics found
in mussels were classified in the size range < 5 mm of
length and estimated that the most frequent microplastics

category were > 500 < 1000 um.* Microplastics separated
in sediment samples from a stormwater detention reservoir
were classified into three size classes < 0.5 mm, 0.5-1 mm,
and > 1 mm where the size class < 0.5 mm was the largest
proportion.*’

In the literature, there is also the definition of large
microplastics (range 1-5 mm) and small microplastics
(< 1 mm).® In this review, large microplastics were
commonly detected in biota samples.’*#“° For instance,
large microplastics in the range of 3.2-5.3 mm were found in
seabirds from along the coast of southern Brazil.’! Another
study” recorded microplastics in annelids from Estaleiro
beach and described fibers varying in length from 2 to
4 mm. In addition to these studies, large microplastics were
predominant in octopods from the Mexican South Pacific.
The study recorded fibers in five different fractions: < 0.25,
0.25-0.50, 0.60-1.00, 1.10-5.0, > 5.0 mm where the most
predominant class was of 1.1-5 mm (ca. 60% of the total).”

Chemical characterization is often performed with
vibrational techniques, such as Fourier-transform
infrared spectroscopy (FTIR) and Raman spectroscopy.
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Both techniques can be used with their microscopic
versions (i.e., coupled with a microscope, uFTIR or
pRaman)®>? In addition, recent studies® have employed
these techniques with their imaging version to improve
the characterization and collect more information about
microplastics particles. Likewise, microplastics can
be also analyzed by scanning electron microscopy and
energy-dispersive X-ray spectroscopy (SEM-EDS) once
this technique could be suitable to determine surface
morphology and elemental composition of microplastic
particles.”®> Additional methods such as pyrolysis-gas
chromatography-mass spectrometry (Pyro-GC-MS) have
also been used.”*

A total of 81 reviewed studies (44%) employed
instrumental analysis to identify the polymeric composition
of microplastics. FTIR technique was used in 89% of the
studies, followed by Raman, which was used in 10%, and
SEM-EDS 1%. The most frequent polymer types detected
in the samples mainly include PE (44%), PP (17%),
and PET (10%) (Figure 7). The high frequency of these
polymers in the environment agrees with the high global
production of products based on PE, PP, and PET. PE and
PP are the most polymer produced in the world, which is
employed in many industry sectors, such as food packing,
plastic cups, containers, agricultural films, and pipes, while
PET is usually used in water, juice, and cleaner bottles.*
Other well-known polymers as PS, PVC, polyamide (PA),
polyurethane (PU), polyethersulfone (PES), polysulfone
(PSU), expandable polystyrene (EPS), acrylonitrile
butadiene styrene (ABS), and isotactic polypropylene (IPP)
have also been identified.

PE and PP were the most common polymer found in
sand beach and water samples among the studies under

\

Food packinging
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Figure 7. The most frequent polymers were reported as dominant in the
studies that performed chemical characterization. The mentioned examples
in the figure demonstrated the common use of each polymer in society.
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review. These polymers have low density and tend to float in
the water surface, therefore, on the sea these particles might
be carried by the tide up to the beach. In addition, most of
the studies that carried out quantification of microplastics in
water bodies used surface sampling methodologies, which
implies only collecting less dense polymers that float on the
water surface. This fact might explain the predominance of
PE and PP in these samples. For instance, in water samples
from Jurujuba Cove, only PE and PP accounted for 72 and
26% of all the characterized microplastics, respectively.’
In a stormwater runoff from Tijuana, the main polymer
identified was PE, comprising a total of 45.2% of all the
microplastics analyzed.* In sand beach samples from Lima
in Peru, microplastics were predominantly characterized
as PE, IPP, and PS. The absence of PVC and PET was
attributed to their high densities since these polymers
tend to settle on the seafloor and did not be transported by
the tide until the beaches.” In bottom sediment samples,
polymer type was identified in a few studies,®”*”° where
the frequent polymers mentioned were PP and PE. Thus,
due to the lack of polymer type characterization, it was not
possible to observe a pattern or the predominance of denser
polymers in bottom sediment samples.

The chemical composition of microplastics was more
variable in biota samples than in water and sediment
matrices. For example, in fishes collected from the Amazon
River of Xingu, the types of microplastics were variable,
where 12 polymer types were detected, in which the
majority were PE (27%), PVC (13%), PA (13%), and PP
(13%).7 In Parand River, the common polymer ingested
by collected fishes were PE, PP, PS, and EPS.* In the
Western Atlantic Ocean in Brazil, a total of six types of
polymer were identified in Longnose stingrays, where the
most frequent polymer was PET (35%), followed by PA,
ABS, PE.'® Therefore, it was not possible to identify a
clear correlation between the variability of the polymer
type between the evaluated matrices (water, sediment,
and biota). This fact highlights the need for further studies
to improve the knowledge and the understanding of the
predominant polymer composition of microplastics present
in different environmental matrices.

4. Microplastics Abundance
4.1. Abundance of microplastics in water

Among the reviewed studies in Latin America,
41 conducted microplastics quantification in environmental
matrices (22% of the 184 studies). Summarized information
of the studies is described in and Table S1 (Supplementary
Information (SI) section). The publications regarding
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microplastics in water are spread among seven Latin’s
countries: Brazil (29%), Argentina (27%), Mexico (15%),
Colombia (10%), Chile (7%), Equator (7%), Jamaica (2%),
and Costa Rica (2%). As already mentioned, the content of
microplastics in water bodies was majority performed in
the marine environment (51%), estuarine regions (29%),
and only a few investigations were conducted in freshwater
systems (20%). Considering these numbers, there is not
enough available data for several freshwater systems in
Latin America, since this region has 26.84% of the total
surface freshwater in the world.'!

Among the studies on microplastics in marine water,
the average microplastics abundance ranged from 0.009
to 56.33 items m™ in samples collected with nets. Figure 8
shows the distribution of 27 studies that collected water with
nets and presented the concentration of microplastics in the
unit of items m™, in which it is possible to observe that more
studies are needed in estuary and freshwater to conduct
a better comparison. The four highest concentrations of
microplastics were recorded in Brazilian territorial, in
Rio de Janeiro. Castro et al.>%¢ performed investigations
regarding microplastics content in Guanabara Bay, where
the first study found a concentration of microplastics
of 16.4 items m* and in the second study ranged from
1.01 to 56.33 items m?, showing a trend of increase in
microplastics pollution in that region after 6 years. The
other two studies**' found a content of microplastics of
1.40 to 21.3 items m3and 0.6 to 11 items m>. The authors
mentioned that this value of contamination put the region
among the most contaminated coastal systems worldwide
by microplastics. In addition, the high level of pollution
in Guanabara Bay was associated with the disposal of
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Figure 8. Box normal plot with Weibull density distribution curve
regarding the concentration of microplastics in water collected with nets
among marine, estuary, and freshwater environments for 27 studies. These
studies show the logarithmic concentration of microplastics in terms of
items m* which allows the comparison between different investigations.
The red dots refer to studies that perform QA/QC procedures.
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effluents in the bay, since the sampling points were located
near the channels that receive domestic effluents. These
microplastics contamination data are consistent with a
scenario of high population density and lack of proper
sanitation and adequate solid waste management in the
surrounding of Guanabara Bay.'®

On the other hand, the lowest concentration of
microplastics (0.009 items m~) was found in the Caribbean
Sea, located about 37 km southwest of San Andrés
Island, the largest island within the reserve, and 190 km
of the Nicaragua coast, an unpopulated area, since some
regions are restricted to human activities, and therefore
microplastics contamination is expected to be lower. In
this area, the occurrence of microplastics was related
due to the transport of these particles by wind and sea
currents.'™ A study carried out in the S3o Pedro and
Sdo Paulo Archipelago in the Equatorial Atlantic Ocean,
which is located about 1500 km from the Brazilian coast,
also quantified a low level of microplastic contamination
(0.03 items m) where it was hypothesized that the long-
distance from the coast can result in less contamination
by plastic particles.” Other studies'® performed in Island
of the Atlantic Ocean, Fernando de Noronha, Abrolhos,
and Trindade, with a distance from the coast around 70
to 1200 km, also found a low abundance of microplastics
with an average of 0.03 item m?. Lastly, a study performed
in surface water from the Argentinean continental
shelf and marine protected area found an abundance of
microplastics around 0.06 + 0.008 items m* which shows
the importance of projects regarding the protection and
conservation of marine species.”” These studies show that
the high population density and the absence of proper
collection of domestic wastewater and management of
solid waste might cause the entry of microplastics and
plastic materials into the marine environment. Rios et al.”
collected samples using a Niskin bottle and found a
concentration of microplastics of 10,500 items m?,
although this content of microplastics has been the highest
among the marine samples, the comparison with other
studies which employ different sampling methods (i.e., net
sampling) is not recommended. Therefore, regarding the
studies of microplastics contamination in marine waters
of Latin America, it was possible to observe a trend of
higher contamination levels by microplastics in locations
nearshore. Since, among 13 studies that performed
microplastics investigation in marine water with trawls,
all the studies which sampled water offshore demonstrated
a lower level of microplastics (< 0.2 items m™) when
compared with samples nearshore.

The abundance of microplastics in estuary regions varied
from 0.1 to 782,000 items m?. The substantial difference
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in the range of microplastics concentration might be due
to the different sampling methods. Forero Lépez et al.'%
collected samples with bottles in Bahia Blanca Estuary and
found an expressive amount of microplastics in the range
of 3,000 to 11,500 items m>. Ferndndez Severini et al.%
sampled water from Bahia Blanca Estuary and found
a concentration of microplastics ranged from 5900 to
782,000 items m in water collected with Van Dorn bottle
and 42.6 to 113.6 items m™ in sampling with plankton net
(60 pm). Pazos et al.'”” sampled water with a bucket in the
estuarine region of Rio de la Plata, Argentina, and found a
mean density of microplastics about 164 and 114 items m™
where the higher density of plastic particles was associated
with the proximity to cities highly populated. The lower
concentration of microplastics content collected from
estuarine regions was found in the Martinez-Baker
Channels in Chilean Patagonia (0.1 to 7 items m™).'%

Concerning microplastics contamination in
freshwater systems the concentration ranged from 0.91 to
23.6 x 10° items m. It is important to highlight that the
highest levels of microplastics contamination were reported
in studies where samplings were performed with bucket and
bottle.>>1® Montecinos et al.* sampled water from a stream
in Argentina and found a high quantity of microplastics,
around 23.6 x 10° items m™. The massive concentration
in that study was related to the low flow of water in the
Langueyu stream, thus microplastics could accumulate
in the channel receiving wastewater of an intermediate
city. Ferraz et al.'” collected water samples from Sinos
River, Brazil, where found microplastic concentrations
in the range of 330,000 to 940,000 items m which were
associated with the discharge of sewage from sinks and
washing machines once the municipality treats less than
10% of the total generated sewage.

On the contrary, studies conducted with trawls show
comparable results in order of magnitude. The studies
performed by Bertoldi et al.,''® in Lake Guaiba, Brazil,
also associated the level of microplastics contamination
with the level of population density, and an average from
11.9+0.6t0 61.2 + 6.1 items m™ was found. The study also
highlights the influence of geohydrological characteristics
of the lake, which might influence the distribution of
microplastics in the water. On the other hand, the lower
microplastics concentration was found in Lakes from
Patagonia, Argentina (0.9 + 0.6 items m~) and in the Atrato
Delta, Colombia (0.91 items m).!!1112

The microplastics contamination in water bodies
is widely studied worldwide and it is strongly variable
since it depends on several facts mentioned above. For
instance, Zhang et al.,'"> collected marine surface water
from the South of China with a water collector of 5 L and
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the mean abundance of microplastics was 8895 items m=.
Kashiwabara et al.!'* sampled surface waters of Monterey
Bay with net tows and found the mean concentration
of particles to be 1.32 + 0.70 items m?, in which they
mentioned that microplastics abundance was lower
offshore than in sampling sites collected to nearshore
sites. This study agrees with the studies that collected
marine surface water in Latin America, where studies from
offshore samples showed a lower level of microplastic
contamination than nearshore regions. Jian et al.'”® collected
samples in the Poyang Lake and its tributaries, where the
concentration of microplastics varied greatly in the range
from 35 = 5 to 1064 + 90 items m, in which was observed
lower contamination by plastic particles into the Natural
Reserve sites, once inside de reserve the human activities
is restricted. By comparing the reported microplastics
abundance in water bodies between Latin American
countries and countries worldwide, it was observed
that some regions have similar content of microplastics
contamination. Hence, the microplastics abundance in
water compartments varied greatly among the reviewed
studies, mainly due to the difference of methods used to
sampling water, the type of water body (marine, estuary,
and freshwater), and the localization of the sampling (i.e.,
regions with high population density are more susceptible
to have higher microplastics contamination).

4.2. Abundance of microplastics in sediment/soil

From the 68 studies regarding the quantification of
microplastics in sediment/soil samples, 49 informed the
abundance of microplastics contamination. The studies
are distributed in 12 Latin America countries: Brazil
(33%), Mexico (20%), Argentina (12%), Colombia
(10%), Chile (6%), Uruguay (4%), Ecuador (4%), Peru
(2%), Puerto Rico (2%), Panama (2%), Guatemala (2%)
and Lesser Antilles (2%). The widespread microplastics
contamination in sediment and soil samples is evidenced by
its presence in both terrestrial and aquatic compartments.
Microplastics in beach sediments accounted for 53% of the
studies, followed by bottom marine sediments (18%), soil
samples (14%), freshwater sediments (12%), and estuary
sediments (4%). The overview of microplastics abundance
in Latin American sediment/soil is summarized in Table S2,
SI section. Furthermore, Figure 9 shows the distribution of
23 studies that collected sediment and soil, which presented
the concentration of microplastics in the unit of items kg™,
where there was a great variation in the concentration of
microplastics among the different studied environments.

The distribution of microplastics in beach sediments
varied within locations, ranging from 0.004 to 660 items kg'!,
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Figure 9. Box normal plot with Weibull density distribution curve
regarding the concentration of microplastics in sediment (marine, beach
and freshwater), and soil environments for 23 studies. These studies show
the logarithmic concentration of microplastics in terms of items kg™ which
allows the comparison between different investigations. The red dots refer
to studies that perform QA/QC procedures.

0.000029 to 88,224 items m™? and 5.9 to 530 items m=. The
lower microplastics abundances (< 10 items m) were found
in Boa Viagem (0.000029 items m?), Cérdoba (4 items m?),
Chocolate (3 items m™2), Tumaco Bay (4 items m?),
and Viuda (0.6 items m™) beaches located in Brazil,
Colombia, and Uruguay.?’#!16 On the other hand, the
most polluted sites were situated in Argentina, Colombia,
Brazil, México, and Peru with abundances reaching
more than 500 items m™>. A wide range of microplastics
contamination was found on sandy beaches of Guanabara
bay (12 to 1300 items m?), and Cartagena beach (249 to
1387 items m2) which is probably related to inadequate
waste management, high rates of recreational tourism and
industrial, and fishing activities.!'%!'” The most polluted
site was reported by Mitchell et al.,'® in Argentina, with
up to 88,224 items m™, the authors found that the sites
closer to higher anthropogenic activities presented higher
concentrations of microplastics, evidencing the contribution
of the population to plastic pollution.

In soil samples, microplastics have been reported
within extremely variable abundances, from 184 to
57,542 items kg'. The lower abundances were found
in Chile and Mexico with less than 1,000 items kg' of
so0il.11%120 Corradini et al.'"® found the lowest abundance
of microplastics in soils of Latin America, 184 items kg
and 306 items kg' on soils of pastures and croplands,
respectively. In this study, it was found that pastures and
croplands are more prone to be polluted with microplastics
than rangelands with shrubs and natural grasslands.
This is also supported by Alvarez-Lopeztello et al.,'?'
who studied different types of soils samples in Mexico
(rainforest, pine plantations with management and without
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management, natural savannas, and pastures). The highest
microplastics abundance was found in the pasture soil rather
than the locations with coverage, microplastics could be
air-transported and accumulate in areas with less or null
vegetation cover.'?!

On the other hand, Moruzzi et al.,* found the highest
abundance of microplastics in Latin American studies.
The microplastics collected in the sediments of an empty
stormwater detention reservoir in Brazil contained an
abundance of 57,542 items kg of sediment. Values are
extremely higher than the ones reported in the United States
(1,270 items kg') and China (2,020 items kg').!?>1 The
importance of detection of microplastics in soil samples is
due to the adverse impact that these particles can cause on
soil parameters such as the hydrodynamics of the water and
the diversity and microbial activity. As a consequence, soil
chemical properties (e.g., carbon, nitrogen, and phosphorus)
might change affecting the soil nutrient cycle.!*!

Nevertheless, the occurrence of microplastics in aquatic
sediments has also been recorded. Among the studies that
evaluated marine sediments, microplastics were detected
in a range concentration between 0.01 to 1,000 items kg'!
and 850 to 25,794 items m?. Microplastics abundance in
freshwater sediments ranged from 31 to 8,178 items kg
and 104 to 1,004 items m™2. Gerolin et al.'** found
microplastics abundances from 417 to 8,178 item kg™ of
sediment among the seven sampled sites in the Amazon
Rivers. Negro River had the highest abundance (up to
2-fold or more) of the other analyzed rivers and despite
the proximity with Manaus city (anthropogenic sources),
it was pointed out that the riverbed morphology and river
hydraulic characteristics are factors that influenced the
abundance of microplastics. The backwater effect of the
Solimdes River reduces the average water flow velocity in
the Negro River, creating a low-energy environment, which
favors the deposition of suspended particles.'**

The highest level of microplastics abundance
in marine sediments was found in Guanabara Bay
(160-1000 items kg™!).>> As mentioned before, Guanabara
Bay located in Rio de Janeiro is known as one of the most
contaminated sites on the Brazilian coastline, which is due
to the rapid development of the urban areas surrounding
bay.!'” Baptista Neto et al.®° found an abundance of
microplastics (mainly fibers) in Vitéria Bay with an
average of 100 items kg' of bottom sediment, and possible
sources are related with untreated sewage and closeness
to dumping sites. In addition, Ronda et al.,”” found a
higher abundance of microplastics (360 items kg') in
the offshore site closest to the cities of Pehuenco and
Monte Hermoso, whereas samples sites offshore are more
distant in the South Atlantic Ocean presented the lower



Vol. 33, No. 4, 2022

concentrations of microplastics (40 items kg™'). This
indicates that the proximity to anthropogenic sources
influences the concentration of plastic particles in marine
bottom sediments. Microplastics concentrations found
in Latin America aquatic sediments are higher than
the ones found in Indonesia (28.09 items kg'), France
(0.67 items kg!'), Black Sea (106.7 items kg'), and
Arabian Sea (128 items kg'), and lower than the ones
found in Norway (200,000 items kg!).!2>1%

4.3. Abundance of microplastics in biota

The presence of microplastics in biota might be used as
an indicator of microplastics pollution among the different
compartments. In Latin America, studies regarding the
contamination of biota by microplastics were recorded
in 75 studies, in which the presence of microplastics
was commonly demonstrated in terms of concentration
(items ind!' and items g') and/or in terms of frequency
occurrence of microplastics into the organism. Table S3
(ST section) presents a summary of the field studies that
conducted microplastics investigations. The articles are
distributed among nine countries: Brazil (56%), Argentina
(13%), Chile (9%), México (7%), Peru (4%), Uruguay (4%),
Colombia (3%), Equator (3%), and Costa Rica (1%). More
than half studies are focused on organisms of marine and
estuary environments. Fishes were the most investigated
organisms, followed by mollusks and crustaceous.
Microplastics translocation within different organs was
observed with the presence of these particles throughout
the entire body of the studied animals. The particles were
found on stomachs, guts, gills, gastrointestinal tract, and
even on feces.

The uptake of microplastic particles by vertebrates
has been conducted in 58 studies (77%). The rate
of contamination or the abundance of microplastics
was recorded in 54 studies (70%). The ingestion
of microplastics by vertebrates might occur by two
major pathways: (i) microplastics could be ingested
spontaneously in which plastic particles are mistaken
with prey or food; (if) microplastics could be transferred
unspontaneous by the food web once the predator
feeds on prey that has been already contaminated with
microplastics.’*® Among the studies, the frequency
of occurrence regarding microplastic ingestion in
vertebrates’ organisms was between 2 and 100%. The
high prevalence of microplastics (100%) was observed
in fish species from coastlines, estuary, and freshwater
of Argentina, Costa Rica, Brazil, Mexico, and in otariids
from Peru and Chile.88-131-134 The lower frequency
of microplastics (2 to 10%) was registered in studies

Fernandes et al. 315

performed in species of fishes from the estuary, coastlines,
and sea from Brazil, Chile, and Colombia and in turtles
species from the coastline of Brazil 311313

For vertebrates, the abundance/individual ranged from
0.03 to 67 items ind"'. For instance, del Carmen Alejo-
Plata,” collected fish from the Gulf of Tehuantepec in
Mexico and found a mean of 67 + 92 items ind! where the
highest percentage of microplastics were detected in the
stomach contents. Silva-Cavalcanti et al.'*" investigated
fish from a tropical freshwater of Brazil and found a total
of 176 debris among all the 40 guts studied, in which the
microplastics abundance varied from 1 to 24 items ind™.
They suggest that the high incidence of microplastics
by some species could be related to its feeding behavior
since some individuals feed on benthic prey, thus it is
likely that they might ingest plastic debris deposited
on the sediment when foraging on the bottom. Another
study® conducted a microplastics investigation in the gut
content of coastal freshwater fish from Rio de la Plata,
Argentina, and found an average number of microplastics
of 18.5 + 18.9 items ind! where the high intake was related
to the extensive exposure of these species to microplastics
in their habitat. Lower concentrations of microplastics in
vertebrates were recorded in fishes collected from different
locations of the Pacific Ocean coastline in Chile, Colombia,
Ecuador, Panama, and Peru in which microplastics were
detected in the range of 0.03-0.1 items ind™.!*® In the study
of Ory et al.,'® it is mentioned that in remote regions
with small human populations, the incidence of plastic
contamination in biota is small when compared with
the sample collected close to populated areas. A study
performed by Neto et al.,*® also found low microplastics
content in fisher from southeast-south Brazilian coast in
the range of 0.06-1.65 items ind'.

The abundance of microplastics in biota has also been
extensively reported in several studies worldwide. For
instance, the abundance of microplastics in Skipjack Tuna
collected on the Southern Coast of Java, Indonesia ranged
from O to 9 items ind™'.'*! Four fish species collected in the
northwestern Iberian continental shelf showed an average
number of microplastics of 1.92 + 0.95 items ind"' in
E. encrasicolus; 1.77 £ 1.42 items ind™! in S. pilchardus;
2.53 +1.88 items ind "' in C. lyra and 1.56 + 0.53 items ind"!
in M. surmuletus, in which they observed a significant
increase of the number of microplastics ingested with
increasing fish.'*> Besides, Weitzel et al.,'* detected
microplastics in two species of a resident marsh
bird, Clapper Rails (Rallus crepitans) and Seaside
Sparrows (Ammospiza maritima), in coastal marsh
ecosystems within Mississippi, where the median count
of microplastics abundance was 6 + 7.2 items ind’!
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for Clapper Rails and 2 + 2.7 items ind’ for Seaside
Sparrow. Microplastics were also found in blue panchax
fish from Ciliwung Estuary, Jakarta, Indonesia in which
the average microplastics concentration of all fish
samples collected was 1.97 items ind'.'** Another study
investigated the ingestion of microplastics in fish from
the Canary Islands and among the 96 individuals studied,
the average regarding the abundance of microplastics was
2.77 = 1.91 items ind™'.!** By comparing the microplastics
abundance in biota from different studies worldwide, it
was found that the abundance of microplastics in biota
in Latin America was, in general, at the same order
of magnitude as that in other regions. Although, it is
important to highlight that comparisons between regions
are hindered mainly by differences in sampling techniques
and identification methods.

The uptake of microplastics by invertebrates has
been conducted in 18 studies (24%), in which bivalves,
crustaceous, annelids, coral, and anemone were the
individuals studied. The rate of contamination or the
abundance of microplastics were recorded in 13 studies
(72%). The contamination rates of the studied species
were between 30 and 100%. For example, the highest
contamination rate was observed in mussels collected from
Guanabara Bay, Brazil and Ushuaia Bay, Argentina, and
in oysters from Bahfa Blanca Estuary, Argentina.*6>14
The abundance of microplastics in invertebrate organisms
in Latin America ranged from 1 to 158 items ind’!
and 0.3 to 3.15 items g'. The highest concentration of
microplastics in terms of items ind"! were recorded in the
gut contents of crabs sampled in Grussai Beach Arch,
Brazil, in which the abundance of microplastics ranged
from 1 to 158 items ind ' (Figure 10).'*” Likewise, high
concentrations of microplastics were found in the mussels
of Guanabara Bay, Brazil, which had an abundance of
31.2 + 17.8 items ind' where they did not find significant
differences in the MP content between farmed and
wild mussels.* Regarding items/weight, the highest
concentrations were observed in the bivalves of the coast of
Peru where the contamination was 3.15 + 0.81 items g!.'*8

The abundance of microplastics in invertebrates is
commonly studied worldwide, where some groups of
individuals are of particular concern such as bivalves and
crustaceans since some species are for human consumption
and might be a source of microplastics for human beings.
For instance, the abundance of microplastics in decapod
crustaceans collected on the northeast coast of Ireland
was 1.75 + 2.01 items ind'.> Microplastics concentration
ranged from 1.7-2 items ind"' in mussels from the Northern
Ionian Sea.'” In addition, oysters and mussels collected
from the Dutch coast show microplastics content from
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1.9-29 items g'."*® In general, the average number of
ingested microplastics of Latin American invertebrate’s
organisms are similar to studies worldwide and this fact
shows the omnipresence of these particles even in different
regions around the globe.
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Figure 10. Box normal plot with Weibull density distribution curve
regarding the concentration of microplastics in biota among marine,
estuary, and freshwater environments for 32 studies. These studies show
the logarithmic concentration of microplastics in terms of items ind™' which
allows the comparison between different investigations.

In summary, in terms of contamination, it has been
hypothesized that marine organisms might ingest more
plastics rather than species in freshwater and estuary
areas.’ Therefore, to investigate this hypothesis, Figure 10
shows the maximum microplastics abundance of 30 biota
studies in terms of items ind'. It might be observed that the
majority of data of marine studies were in the first quartile
of the box plot which indicates that most of the studies
found a low concentration of microplastics. Besides, in a
general manner, plastic ingestion by organisms was higher
in coastal regions once these studies are the outliers in the
box plot, and agree with higher abundance of microplastics
found in aquatic matrices nearshore areas, as discussed in
SeCtiOn 4 1 ‘78,90,133,147,151

5. Presence of Contaminants in Microplastics

Several studies had already demonstrated the combined
effects of microplastics and environmental pollutants.
Additives incorporated in the polymeric matrix during
plastic production and/or chemicals from surrounding
environments sorbed onto microplastics can be transported
to long distances worsening the widespread trace pollutants
and posing risk to aquatic biodiversity. A wide range of
factors can influence the sorption of contaminants on
microplastics, such as hydrophobicity, polarity and surface
functional, polymer type, age, and color.!>>!>* Therefore,
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these aspects are recommended to be considered in the
studies. Weathering can lead to surface modifications
in microplastics particles, as an increase of surface area
and pore volume in which might enhance its sorption
capacity and hence promote widespread contamination of
contaminants in the environment.

Among the studies under review, a total of 12 were
performed across Latin America regarding plastic particles
with contaminants in which were focused on Brazil
(50%), Uruguay (17%), Mexico (17%), Chile (8%),
and Colombia (8%). Heavy metals were analyzed in 5
studies, where 3 determinate the concentration of metals
in the plastic fragments and 2 analyzed the presence of
these metals on the microplastics surface. For instance,
analyzed microplastics from Brazil, Uruguay, and Mexico
showed a great presence of aluminum and iron from 36
to 2,809 pg g'.8815415 These values, although variable
between the sites is significantly higher when compared
to the ones found in Croatia (19-88 pg g') and England
(0-314 pg g).1%157 The presence of metals such as Fe
and Al can be derived from natural volcanic and geologic
sources.* On the other hand, toxic metals such as arsenic,
barium, cadmium, chromium, lead, and selenic, which
are among the 8 monitored metals of RCRA (Resource
Conservation and Recovery Act), have been found in
microplastics from Cartagena beach, Fabeiro beach
and Atoyac River sediment.®8!3158 T ead was found in
concentrations above 40 pg g''in secondary microplastics
of Cartagena beach and 5,000 ug g of Fabeiro beach, and
its concentration was greater compared to non-degraded
pellets both in Cartagena and Fabeiro beaches, which
corroborate the assumption that polymer aging might
promote sorption of contaminants. These results were also
observed by Vedolin et al.,'> where beached microplastics
presented higher concentrations of some metal species
(up to two-fold or more). The possible sources of these
metal contamination could be both their presence in plastic
pellets due to manufacturing processes or sorption of
metals already on the environment once processes derived
from industries and agriculture can cause environmental
contamination of these metals.'3*15

In the same way, the sorption of organic pollutants on
beached microplastics is being investigated around the
world, where polycyclic aromatic hydrocarbons (PAH),
polychlorinated biphenyls (PCB), polybrominated diethyl
ethers (PBDE), and organochlorines (OC) are the most
common type of contaminants detected.'-!®> Among the
studies performed in Latin America, PAH was detected
in beached microplastics on 58% of the studies, PCB
in 42%, OC in 25%, and PBDE of 17% studies. PAH
was only detected in Brazilian and Uruguayan beached
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microplastics, within concentrations ranging from 62.1
to 39,763 ng g'. Punta del Este beaches presented
the narrowest range of PAH concentration (62.1 to
758 ng g') observed on Latin America studies, which
is also lower than the ones reported in China (11.2 to
7.710 ng g'), Canary Islands (52.1 to 17,723 ng g!) and
Portugal (53 to 44,800 ng g').!3160166 The Uruguayan
studies (Punta del Este and Fabeiro beaches) had PAH
distribution dominated by congeners of three and
four rings (e.g., phenanthrene, anthracene, chrysene,
pyrene) indicating a mix of petrogenic and pyrogenic
sources.®1¢” The maximum concentration of PAH in
microplastics of Santos Bay was 1.4 to 52-fold higher
than the highest values found in the other locations of
Latin American studies. These PAH concentrations reflect
the possibility of contaminated particles to be transported
through environments once PAH concentration on
microplastics of Santos Bay was extremely variable (130
t0 39,763 ng g1).!%17! This assumption is supported by the
findings of Brennecke et al.,'”> who exposed microplastics
to pre-weathering treatments in the seawater of Arraial do
Cabo (location part of the Marine Harvest Reserve) and
Jurujuba (location close to Guanabara Bay, a site heavily
impacted by fishing industry in Brazil) and compared
the concentration of phenanthrene in both water column
and microplastics (after 2 weeks of exposure). Both
Jurujuba and Arraial do Cabo presented microplastics
with concentrations of phenanthrene like those detected
in the water column. This indicates that the wide range of
PAH concentrations found in microplastics of Santos Bay
could be a result of the transport of contaminated particles
through environments. Nevertheless, the heavy shipping
traffic in Santos Harbour, together with sewage and fossil-
fuel combustion can be associated as possible sources of
PAH in Santos Bay, which was already pointed out by
other authors as sources of PAH in the environment.'”
PCB was detected in Chilean, Uruguayan, and Brazilian
beached microplastics, in a concentration range from 0.8
to 7,554 ng g'. Microplastics collected through the Sdo
Paulo coast in Brazil presented the widest range of PCB
concentration (3.41 to 7,554 ng g') which is consistent
with the discussion above on the possible transport of
contaminated microplastics from outside areas.'” Pellets
collected on Lenga beach in Chile (3.17 to 58.4 ng g'!) and
Fabeiro beach in Uruguay (37.1 to 55.3 ng g'') had PCB
concentration within the range found by Gorman et al.,'*
in Southern Brazil (0.80 to 104 ng g).%521"* Sources of
PCB on beached pellets could be related to anthropogenic
activities and sediment dredging near ports, where
microplastics could interact with the dispersed PCB before
reaching the shore.'”*!” PBDE and OC was detected in
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the Chilean and Brazilian coastline and OC were also
reported in microplastics collected in the Uruguayan beach
Fabeiro %1717 PBDE concentrations in Latin American
countries (0.05 to 137 ng g') were considerably lower
than the ones reported in other locations (e.g., Canary
Islands, 0.06 to 3,923 ng g™).!®° Moreover, Chilean beached
microplastics presented OC range concentration (0.1 to
7 ng g') lower than those reported by other countries such
as Greece (18 ng g') and Portugal (0.42-41 ng g!).!5162
On the other hand, OC found on microplastics from the
Séo Paulo coast (12.8 to 1,048 ng g') and Fabeiro beach
(1,035 to 2,041 ng g') was higher than the observed on
those locations.!3*162

6. Microplastics Interaction with Biota and Its
Toxicological Effects

6.1. Physical and toxicological effects

The impacts of large plastic materials in biota are
often reported and generally understood, the physical
effects caused by microplastics are not visible and might
pose great risks to organisms. The false satiation after the
ingestion could lead to reduced energy reserves due to lower
assimilation of natural prey, which might be related to the
blockage of the digestive tract resulting in a reduction of
animal body condition. The lower abundance of animal prey
was observed in crabs from Ponta Verde beach in Brazil
as well as in sandy beach amphipods fed by contaminated
prey in Chile.">!7 The decrease in body condition is a
consequence of the ingestion of these plastic particles
and had been already linked to a decrease in the survival
of juvenile seabirds, tadpoles, and langoustine around the
world."""1”° In Brazil, Rossi et al."® found plastic fragments
and pellets in the stomachs of dead Haematopus palliatus
shorebirds. Most of the individuals (58%) were juveniles
and the presence of hard fragments in their stomachs could
indicate a limited growth and development of the specimens
which could have increased the juvenile’s mortality.

In the literature, under review 28 laboratory studies
have been performed in Latin America to elucidate the
toxicological effects induced by microplastics exposure.
These effects were observed in fish (29%), mussel (21%),
tadpoles (18%), sea urchin (7%), worms (7%), crustaceans
(7%), dragonflies (4%), mice (4%), amphipod (4%),
copepod (4%), oyster (4%), coral (4%) and nematodes (4%).
The associated toxicological effects involve the impairment
in the development, locomotion activity, hepatotoxicity,
genotoxicity, neurotoxicity, and cytotoxicity. A recent
study'8! exposed Danio rerio to microplastics and found
that the plastic particles impaired embryo hatching and
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larval survival rate. In addition, the intake of microplastics,
as it accumulates in the organism, impair the digestion,
absorption, and consequently the energy supply needed for
locomotion activity. Tadpoles exposed to PE microplastics
had their locomotor activity affected, also impacting their
predator avoidance.'®? da Costa Aradjo et al.'® also found
cytological and liver changes of hepatotoxicity on tadpoles.
Even though these effects are not completely lethal, the
impact on the organisms might lead to changes in their
behavior, feeding habits, and consequently difficult survival
in the natural environment.

Guimarées et al.'® studied the short-term exposure of
juveniles of zebrafish to environmental microplastics with
realistic concentrations and observed induced neurotoxicity
and cytotoxicity to the specimens. Nevertheless, a wide
number of toxicological studies are performed with a high
concentration of microplastics and thus do not represent
the real environmental conditions.'® This fact is supported
by Izar et al.,’! who found that the collected beached
pellets induced toxicological effects in the sea urchin
Lytechinus variegatus and the copepod Nitocra sp. at high
pellet densities, however when applying real environmental
concentrations, the beached pellets were not capable of
promoting toxicity. In addition, Opitz et al.,'3¢ also observed
that environmental concentrations of microplastics had a
minimum impact on juvenile mussels. All these results
indicate the current need to evaluate the risks associated
with an environmental concentration of microplastics.

Despite the toxicity induced by ingested microplastics,
the non-ingested effects are also crucial for animals
exposed to these particles. Beached microplastics can
leachate sorbed contaminants that can be highly toxic to
organisms. Gandara e Silva et al.'*” observed that collected
beached pellets from the south coast of the Sdo Paulo
state (Paranapua and Itaquitanduva beaches) impaired
completely the development of brown mussel embryos,
while the virgin PP plastic pellets produced lower toxic
effects. Acosta-Coley et al.'*® also found similar results,
extracts from Cartagena beached microplastics induced
greater toxicity to Caenorhabditis elegans compared to
virgin pellets, suggesting that contaminants sorbed on
beached microplastics are responsible for the observed
effects. On the other hand, Nobre er al.,'®® observed that
the beached plastic pellets from Santos bay beaches
induced less toxicological effect on the sea urchin larvae
compared to virgin PE pellets. These results indicate
that the degree of contamination of the environment, as
well as the products incorporated in the plastic during its
manufacturing process, are critical factors in the toxicity of
the microplastics. The possible effects that these particles
may cause still need urgent attention as they might induce
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long-term toxicological impacts. The behavioral changes
caused by microplastics toxicity affect animals’ survival in
the environment and thus need to be further investigated.

6.2. Chemical effect

Beyond the physical impacts that contaminated
particles provoke in the environment, the ingestion of
these microplastics can induce greater toxic effects in biota
as the contaminants transfer from the surface of plastic
particles an animal organism. Colabuono et al.®' studied
plastic pellets and fragments found in 97 individuals of 8
Procellariiformes species in Brazil. The authors found PCB
and OC in both classes of microplastics. PCB was detected
in concentrations higher than 243 ng g' and among the
OC, dichloro diphenyl trichloro ethanes (DDT) had the
highest concentrations reaching values above 64.4 ng g
The presence of these contaminants might promote its
transference to the seabird’s organism, as have already been
reported by different authors.!$*'** Roda et al.'' found that
exposure to combined microplastics and copper resulted
in genotoxicity, neurotoxicity, and physiological effects on
neotropical teleost Prochilodus lineatus fish higher than the
ones observed with isolated exposure to these contaminants.
These results show the potential threat the association of
microplastics, and environmental contaminants can pose
to biota, as it can lead to more acute toxicological effects.

6.3. Microbial effect

Besides acting as a vector of organic and inorganic
contaminants, microplastics can also serve as vehicles of
microorganisms. Microplastic particles have high half-lives
and their hydrophobic surface favors microbial colonization
and biofilm formation which can potentially result in long-
distance carriers of pathogenic microorganisms.®® Even
though there is a lack of research on behalf of microbial
community interaction with plastic debris in Latin America,
some studies have already reported its potential risks. For
example, Baptista Neto et al.,*® investigated the potential
contamination of bottom microplastics in Victoria Bay
and found a plastisphere colonized mainly by bacteria,
with some fungal filaments and spore, and Pazos et al.,'?
identify Escherichia coli and Enterococci on microplastics
of the intertidal sediment of Rio de la Plata. Silva et al.'
analyzed plastic debris larger than microplastics, in
Guanabara Bay, and identified 44 bacteria strains confirmed
as E. coli pathotypes and 59 strains of Vibrio species with
12 being identified as Vibrio cholerae, Vibrio vulnificus,
and Vibrio mimicus. This debris can potentially become
microplastics and serve as a substrate for these bacterial
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communities (including pathogens) that could pose a risk
to human health and food security.

6.4. Microplastics bioaccumulation

Bioaccumulation of microplastics is of great concern,
once some species are not able to rapidly excreted or egest
these particles, resulting in the transference of microplastics
through different trophic levels. The hypothesis is
based on the likelihood of planktivorous fish to feed on
microplastics that are similar to their prey in shape, size,
and color, while large predatory fish are unlikely to target
these particles, once their natural prey has superior sizes.?
Therefore, the presence of these small particles in higher
trophic levels would indicate the transference through
prey-predator interaction. The research focused on the
trophic transference of microplastics in Latin America is
still limited, however, studies demonstrate the occurrence
of this phenomenon. Laboratory studies on trophic transfer
of microplastics have only been performed in Brazil, where
there was evidenced transference in two and three-trophic
levels. da Costa Aradjo et al.'"®* demonstrated the transfer
of PE microplastics from Poecilia reticulata fry (prey)
to Danio rerio adults (predator) by identifying the PE
microplastics in both prey and predator tissues. In the
same way, da Costa Aratijo and Malafaia'®> reported the
transference of PE microplastics from freshwater prey
to terrestrial predators. They observed the transference
of microplastics from Physalaemus cuvieri tadpoles to
tambatinga fish and then to Swiss mice by identifying
the particles in the individual’s livers. Meanwhile,
Lwanga et al.'”® observed the microplastics concentration
increase from the soil, to earthworms, to chickens in Mexico,
which can be associated with the trophic transference of
these particles through the food web. Some studies in Chile
and Brazil, suggest that even though microplastics can be
transferred to higher trophic levels, they can be egested and
thus not stay accumulated. Chagnon et al.*® investigated this
assumption by analyzing Easter Island Thunnus albacares
and their natural prey Cheilopogon rapanouiensis. The lack
of microplastics in 7. albacares digestive track while 16%
of Cheilopogon rapanouiensis had ingested these particles
suggests that if there is a trophic transference between
the prey and the predator, the small particles might not
accumulate. This is supported by Santana et al.,'”® who
verified the trophic transfer of PVC microplastics from
contaminated mussels to Callinectes ornatus crab and
Spheoeroides greeleyi pufferfish. However, it was found
that PVC particles were not persistent in the predators, as
they were not found in their blood, tissues, or gut cavity
after 10 days of depuration. This indicates that ingested



320 Microplastics in Latin America Ecosystems

microplastics might be eliminated through feces and
excretion, reducing the risk of bioaccumulation.

7. Conclusion and Recommendations

The studies under review were from 16 Latin American
countries, reaching 48% of the states that comprehend the
whole Latin America (33 countries) territory. Microplastics
were found in different studied matrices throughout the
region. The sampling and treatment procedures employed
were widely variable, which hinder the comparison
among the studies. Most of the reviewed literature has not
performed quality assurance and quality control measures.
In general, most studies performed visual characterization
and categorization of microplastics regarding shape, size,
and color. It was observed that many of the studies that
carried out chemical characterization were published in
the last few years, which highlights the improvement of
the research on this topic. Among the studies, the higher
microplastic concentration was found in regions with
high population densities and/or regions without proper
sanitation and solid waste management. In addition,
it was observed that the different sampling methods
directly influence the amount of collected microplastics.
Studies were mainly concentrated in marine matrices
(59%) rather than freshwater (16%). Contaminants
were found in beached microplastics in a wide range of
concentrations. In general, laboratory studies have shown
that microplastics induce toxicological effects on living
organisms. In addition, microplastics have been identified
as a potential vector in the transport of microorganisms
through the environmental compartments. The laboratory
investigation also showed that microplastics might be
transferred among the trophic levels in the food chain,
although in some organisms these particles are ingested
directly and excreted.

Despite all these findings, there are still gaps regarding
microplastics investigations in Latin America that need to
be understood, as follow:

(1) Studies on microplastic contamination are urgently needed
in more regions of Latin America, since there is insufficient
data in Central America and the Caribbean region.

(if) Airborne contamination is ubiquitous; QA/QC measures
are crucial to better represent the real contamination by
microplastic in the different compartments. Therefore,
it is recommended that studies regarding microplastic
contamination should include QA/QC protocols to avoid
overestimation of microplastics content in the results.
(iii) There is limited information about freshwater
contamination in Latin America’s ecosystems. More studies
are needed in this area to enhance our understanding of
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the distribution, transport, and role of microplastics in the
environment.

(iv) In the same way, most of the studied organisms are from
marine environments, which highlights the need to perform
more investigations on freshwater and terrestrial organisms.
(v) The concentration of microplastic should be reported using
standard and consistent units such as items mor items L™!
for water samples, items kg or items g for sediment
samples, and items ind' or items g for biota. For the last
ones, the information about the frequency of occurrence of
microplastics in the individuals should also be recorded.
(vi) Contaminants associated with microplastics reflect
their possible transport through ecosystems and thus need
more attention to the better understanding of the pathways,
impacts, and effects of these contaminants on different
ecosystems and living beings.

(vii) Only 44% of the studies focused on the chemical
characterization of microplastics, thus the abundance of
plastic particles in the environment might be overestimated.
Therefore, the use of analytical techniques is highly
recommended to identify polymeric composition.

Hence, the investigation concerning microplastic is
important to enabling governments to establish public
policies and regulations regarding plastic pollution and
improve waste management strategies.
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http://jbcs.sbq.org.br as PDF file.
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