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A B S T R A C T   

We reviewed the current status of microplastic research in Latin America and the Caribbean based on a sample of 
193 papers that analyzed environmental microplastic concentration in aquatic and terrestrial ecosystems. Most 
of the reviewed papers were published from researchers based on Brazil, Mexico, Argentina and Chile. Overall, 
63.1% of the papers studied microplastics in marine ecosystems, followed by the study of freshwater ecosystems 
(18.2%), estuarine (13.6%) and terrestrial environments (5.1%). Biota samples were analyzed by 40.3% of the 
studies, while 34.4% studied sediment samples (beach sand and submerged sediments) and 25.3% focused on 
water samples. Over 80% of the papers that studied microplastics in biota samples analyzed fish. There was high 
variability in the reported parameters employed for characterizing environmental microplastics (color, shape, 
and concentration units), attributed to the lack of standardized analysis guidelines for microplastic studies. 
Additionally, most papers adopted few quality assurance and quality control (QA/QC) protocols to avoid cross- 
contamination during the analytical process. At least four open access standard protocols and guidelines for 
microplastic analysis and monitoring programs were found since 2015, and 92% of the papers were published 
after said date. Nevertheless, most studies did not employ any standardized methodology for the analysis of 
microplastics. We recommend the adoption of a standard and QA/QC protocol for future microplastic studies in 
Latin America and the Caribbean to establish a cohesive baseline of microplastic data in the region and create 
long-term monitoring programs.   

Introduction 

Plastic debris pollution has been recognized as a worldwide issue in 
the scientific literature since the 1970s (Li et al., 2021), gaining official 
recognition by governments and international environmental organi
zations since the 1990s (Masura et al., 2015). Nevertheless, the origins 
of plastic pollution date back to the 1950s with the introduction of novel 
mass-produced plastic products that were cheap and resistant to 
biodegradation, expanding the use of plastics to multiple industrial and 
commercial applications (Geyer et al., 2017). Ever since, plastics have 
become an integral part of the human lifestyle in virtually all modern 
industries, from medical to automotive (Geyer et al., 2017), and have 
supported the growing rate of human expansion observed in the last few 
decades (Geyer et al., 2017; Li et al., 2021). More recently, the 

importance of plastic products has been made apparent with the 
COVID-19 pandemic, as the consumption of plastic personal protective 
equipment (e.g., face masks, gloves) and plastic packaging increased 
significantly (Ardusso et al., 2021; Ormaza-Gonzaìlez et al., 2021; Thiel 
et al., 2021). About 70-75% of the discarded plastics associated with the 
pandemic are estimated to turn into waste that seeps into terrestrial, 
freshwater, and, ultimately, marine ecosystems, causing increased eco
nomic and environmental costs (United Nations Conference on Trade 
and Development, 2021). 

Plastic waste has been observed in terrestrial, freshwater and marine 
ecosystems worldwide. Nevertheless, one of the most studied ecosys
tems regarding plastic pollution is marine environments, which act as a 
sink for natural and anthropogenic terrestrial input (Ajith et al., 2020). 
The influence of plastic waste in marine environments is even 

Abbreviations: MCMA, Mexico, Central America and the Caribbean region; SAPC, South American Pacific Coast region; SAAC, South American Atlantic Coast 
region; PCC, Polymer chemical composition; QA/QC, Quality Assurance and Quality Control. 
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recognized within the Sustainable Development Goals (SDG), in goal 14, 
indicator 14.1.1 (United Nations, 2018). In consequence, the study and 
classification systems developed for marine plastic waste have been 
extrapolated to other ecosystems and serve as a standard in plastic 
pollution studies worldwide. 

Due to the fact that marine plastic pollution is heterogeneous, a 
classification based on size is commonly adopted to categorize plastic 
waste into macroplastics (1000 - 25 mm), mesoplastics (25 - 5mm), and 
microplastics (> 5 mm) (GESAMP, 2019). While macro and mesoplastic 
pollution has been associated with negatively affecting tourism (Ran
gel-Buitrago et al., 2018; Williams et al., 2016) and large biota like 
mammals (Brentano and Petry, 2020; Denuncio et al., 2011), birds 
(Ballejo et al., 2021; Yorio et al., 2014), and reptiles (de Carvalho et al., 
2015; González Carman et al., 2014), the impact of microplastics on 
diverse ecosystems, in particular seas and oceans, has been the focus of 
interest for multiple studies worldwide. 

Microplastics are defined as particles generated from thermoset or 
thermoplastic synthetic polymers that are smaller than 5 mm in diam
eter or length (GESAMP, 2019; Masura et al., 2015), with a lower size 
limit as small as 1 μm, although some debate still exists regarding the 
lower size range of microplastics (GESAMP, 2019). According to their 
origin, microplastics are classified as either primary or secondary. Pri
mary microplastics include materials designed for particular uses in 
consumer products or industrial applications, which tend to comprise 
small pellets or resin (nurdles) employed as a precursor of plastic 
products (Ajith et al., 2020; GESAMP, 2019). Secondary microplastics 
result from chemical (photolysis), physical (erosion), or biological 
(enzymatic action) degradative processes, typically described for marine 
or aquatic ecosystems, that affect environmental macroplastics or 
mesoplastics (Li et al., 2021), promoting their fragmentation. 

Various facets of microplastic pollution in marine or aquatic envi
ronments have been explored worldwide, including the potential 
toxicity (Araújo and Malafaia, 2020; Baeza et al., 2020; Brennecke et al., 
2015) and remediation techniques (Narciso-Ortiz et al., 2020) of 
microplastics. However, one of the most common objectives of the 
published papers is the study of microplastic environmental abundance 
in water, sediment, and biota samples (Ajith et al., 2020), with few 
papers focusing on quantifying microplastic abundance on polar eco
systems (i.e., glaciers, snow) or airborne microplastic abundance in 
natural environments (Luo et al., 2022; Zhang et al., 2022). In addition, 
reports on microplastic studies are usually characterized by a lack of 
standard sampling protocols and sample analysis (Ajith et al., 2020; 
Kutralam-Muniasamy et al., 2020a; Luo et al., 2022; Zhang et al., 2022). 
As a consequence, several studies have resorted to creating customized 
processing protocols to report microplastic environmental abundance, 
which causes the results of different papers with similar objectives not to 
be directly comparable due to methodological differences (Ajith et al., 
2020). 

Interestingly, most of the microplastic studies are published in in
ternational scientific journals outside of South America and the Carib
bean: by 2020 approximately 86% of the papers were published by 
researchers studying microplastics in Europe, Asia, and North America 
(Ajith et al., 2020). Kutralam-Muniasamy et al. (2020a) previously 
reviewed the research trends in papers that studied the environmental 
abundance of microplastics and were published in Latin American 
countries, in order to establish a regional baseline for future papers in 
the region. Nevertheless, the use of diverse methodologies prevented a 
direct comparison of the results published in Latin American papers 
(Kutralam-Muniasamy et al., 2020a), similar to the previous report 
made for the worldwide status of microplastic research (Ajith et al., 
2020). 

At present time, 2022, there is no microplastic legislation available 
for any country of Latin America and the Caribbean, which may be 
related to the lack of long-term monitoring programs that aid in the 
establishment of regulations. However at least 27 countries of the region 
present national or local legislations that aim to reduce, prohibit, and/or 

eliminate single-use plastics (United Nations Environment Programme, 
2021). Furthermore, a novel, legally binding resolution that aims to 
tackle the full life cycle of plastic pollution, from manufacturing to 
disposal in all of the signing countries has been proposed at the fifth 
session of the United Nations Environment Assembly (EA.5/L.23). As 
legislation continues to advance, the establishment of baselines and 
long-term microplastic monitoring data is needed to aid in the devel
opment of accurate plastic and microplastic pollution regulations. 

The objective of this review was to summarize the current status of 
studies published in Latin America and the Caribbean that perform 
environmental microplastic determinations across the water, sediment, 
or biota samples in aquatic (including polar environments) and terres
trial ecosystems. Furthermore, we evaluated the sources of variability 
among the results of the reviewed papers and proposed standard sam
pling and analysis guidelines and quality assurance and quality control 
(QA/QC) protocols to be adopted for future studies in the region. 
Finally, we emphasized the importance of moving towards the devel
opment of long-term monitoring programs at a regional level to help to 
develop regulations for the management of microplastic pollution. 

Methods 

An extensive scientific literature search was performed in the search 
engine Google Scholar during the months of April and December 2021 
respectively. The search criteria included the retrieval of articles pub
lished from the year 2010 to 2021 from the following countries: Mexico, 
Guatemala, Belize, Honduras, El Salvador, Nicaragua, Costa Rica, Pan
ama, Colombia, Venezuela, Aruba, Curaçao, Trinidad and Tobago, 
Grenada, Saint Vincent and the Grenadines, Saint Lucia, Martinique, 
Dominica, Guadeloupe, Montserrat, Antigua and Barbuda, Saint Kitts 
and Nevis, Anguilla, British Virgin Islands, US Virgin Islands, Puerto 
Rico, Dominican Republic, Haiti, Jamaica, Cayman Islands, Cuba, 
Bahamas, Ecuador, Peru, Bolivia, Chile, Argentina, Uruguay, Paraguay, 
Brazil, French Guiana, Suriname and Guyana. The search terms 
employed were: “microplastics”, “AND”, the country name from the 
provided list, “Microplásticos”, “AND”, the country name from the 
provided list, as the search was carried out in both English and Spanish. 

A total of 292 papers were found after the initial search. Two hun
dred and twenty-one papers studied microplastics while 71 papers 
analyzed macroplastics, which were beyond the scope of this review and 
thus were omitted. From the remaining 221 articles, only those that 
were published in journals indexed in Latindex, SCOPUS, SCI and/or SCI 
(E) were included in the analysis. 

Diverse objectives were studied in the microplastics papers, 
including the characterization of the bacterial biofilm community 
(Pazos et al., 2020; Silva et al., 2019), evaluation of the presence of 
microplastics in edible commercial goods (e.g., milk, water) (Kutra
lam-Muniasamy et al., 2020b; Mason et al., 2018), modelling micro
plastic aquatic dynamics (degradation, transport) (Gorman et al., 2020), 
or determining microplastic concentration in wastewater (Sierra et al., 
2020). Nevertheless, as the objective of this review was to analyze the 
published papers that assessed microplastic concentration in water, 
sediments or biota samples from terrestrial or aquatic (marine, fresh
water, polar or estuarine) environments, only 193 papers were selected. 
Table S1 has a full list of the reviewed papers in this study. 

The information retrieved from the reviewed papers by two inde
pendent readers was classified into 19 different variables that encom
pass the paper’s metadata and experimental information, including 
sampling methods and results (Table S2). Summary statistics were 
calculated from the retrieved data. All data analysis procedures 
(exploratory data analysis, summary statistics and data visualization) 
were performed in the R statistical software using the RStudio graphical 
interface (R Core Team, 2021). The R packages employed throughout 
the analyses were: tidyverse (version 1.3.1) (Wickham et al., 2019), 
patchwork (version 1.1.1) (Pedersen, 2020), sf (version 1.0-6) 
(Pebesma, 2018), rnaturalearth (version 0.1.0) (South, 2017a), 
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rnaturalearthdata (version 0.1.0) (South, 2017b), rgeos (version 0.5-9) 
(Bivand and Rundel, 2021) and ggtext (version 0.1.1) (Wilke, 2020). 

Status of microplastic research in Latin America and the 
Caribbean 

Geographic distribution of the reviewed articles 

The 193 reviewed papers on microplastics were grouped into 3 
geographical regions based on their access to the Caribbean Sea, and the 
Pacific and Atlantic Oceans: Mexico, Central America and the Caribbean 
(MCAC), the South American Pacific Coast (SAPC), including Bolivia, 
and the South American Atlantic Coast (SAAC), including Paraguay. For 
each region the papers were further classified according to the country 
they were published in (Fig. 1). Table S3 presents the sampling sites of 
the papers that included GPS coordinates, while Table S4 includes the 
number of papers by country and the type of sample that was analyzed 
(water, sediment, biota). 

Overall, the SAAC presented the highest number of published papers 
(52.8%, n = 193), followed by the MCAC (30.1%, n = 193) and, lastly, 
the SAPC (17.1%, n = 193), with Brazil, Chile and Mexico (and 
Colombia for the Caribbean sub-region) producing the highest research 

output for each region (Fig. 1). Brazil was the country with the earliest 
international microplastic publications (2010), while it also presented 
the highest number of published papers (32.7%, n = 202, including 
papers that studied multiple countries). Furthermore, the Goiana estu
ary, located in Brazil, presented the highest number of papers on 
microplastics focused on a single sampling location from Latin America 
and the Caribbean (8 studies, n = 193). 

As Brazil was the country with the highest number of papers on 
microplastics for Latin America and the Caribbean and it also presents 
the highest percentage of gross domestic product destined for science, 
technology and innovation, the relationship between the percentage of 
gross domestic product (UNESCO Institute for Statistics, 2022) and 
microplastic research output from 2010 to 2018 was investigated. 
Nevertheless, even though approximately 75% of the microplastic arti
cles published by most countries present public funding (either through 
grants or affiliations to public universities), the percentage of gross 
domestic product does not seem to correlate to the research output of 
other Latin American countries (Fig. S1). Other socioeconomical factors 
such as international funding opportunities and cooperation programs 
or incentives may be related to the observed research output of different 
countries, highlighting the heterogeneous status of microplastic 
research in Latin America and the Caribbean. 

Fig. 1. Geographical distribution of the reviewed papers. A. Mexico, Central America and the Caribbean region (MCAC). B. South American Atlantic Coast region 
(SAAC). C. South American Pacific Coast region (SAPC). 
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Microplastics in aquatic and terrestrial ecosystems 

The reviewed papers were classified further by the environment they 
studied (marine, freshwater, estuarine, or terrestrial) and the type of 
collected sample (water, sediment, biota) (Fig. 2). While most studies 
analyzed microplastics isolated from one type of sample in one envi
ronment, some papers examined multiple types of samples (e.g., Water 
and sediment samples from one ecosystem) (Costa et al., 2019; Martínez 
Silva and Nanny, 2020; Ríos et al., 2020), and different kinds of envi
ronments (marine and freshwater sampling points) (Borges Ramirez 
et al., 2019; Narciso-Ortiz et al., 2020) or a combination of these vari
ables (e.g., water and sediment samples taken from marine and fresh
water environments). In consequence, the total number of papers 
employed for comparing the types of samples or the different environ
ments was 198 and 221, respectively, which accounts for the duplication 
of studies that aligned with more than one category of the analysis. 
Additionally, 6.7% of the papers (n = 193) studied the adsorbed con
centration of organic (e.g., hydrocarbons) or inorganic (e.g., heavy 
metals) pollutants of the microplastic samples. However, these in
teractions were not further analyzed in this review. 

Terrestrial environments were studied by 5.1% of the papers (n =
198), making it the least studied ecosystem, followed by estuarine 
(13.6%, n = 198) and freshwater ecosystems (18.2%, n = 198), with the 
latter presenting studies that were carried out mostly on rivers (Fig. 2A). 
Over half of the reviewed papers (63.1%, n = 198) were concerned with 
determining microplastic concentrations in marine ecosystems, a trend 
that has been highlighted in a previous study for the Latin American 
region (Kutralam-Muniasamy et al., 2020a). Estuarine microplastic 
studies were predominantly performed in the SAAC, making up 13.7% of 
the papers from said region (n = 102 for the SAAC region), with most of 
the papers being published by Brazilian authors. 

Estuarine environments are regarded as one of the main entry 
pathways of terrestrial and freshwater microplastics to marine ecosys
tems (Ajith et al., 2020; United Nations Environment Programme, 

2020). Additionally, estuaries are highly dynamic environments with 
salinity and water dynamic fluctuations that may affect the dispersal of 
microplastics due to the associated changes in water density (Ajith et al., 
2020; GESAMP, 2019; Kutralam-Muniasamy et al., 2020a). Conse
quently, more studies are needed to elucidate the effect of estuaries on 
the dispersion of microplastics. 

Only 1 paper analyzed microplastic abundance in snow samples from 
the Antisana glacier, a high-altitude polar region located in Ecuador 
(Cabrera et al., 2020), which was classified as a freshwater study for the 
purpose of the analysis. As evidenced by this result, more studies that 
evaluate microplastic abundance and dynamics on the polar ecosystems 
of Latin America, represented by the Andean Mountain range, are 
needed to fill the large gaps of knowledge identified in this review. 

Future studies that evaluate microplastic environmental de
terminations in Latin America and the Caribbean should expand the 
current knowledge of underrepresented ecosystems like terrestrial or 
polar environments, while diversifying the research questions of better 
studied ecosystems (e.g., marine ecosystems) in order to establish a solid 
baseline of information. 

Microplastics in different environmental matrices 

Only three types of samples were considered for evaluating micro
plastic environmental concentrations in marine, freshwater or terrestrial 
ecosystems: water (including 1 article that studied microplastics in snow 
samples), sediment or biota. 

Water and sediment samples 
Water samples were analyzed in 25.3% of the papers (n = 221, 

considering the papers analyzing different types of samples) (Fig. 2B) 
and they mostly focused on sampling surface water, as few papers 
analyzed water column samples (Quesadas-Rojas et al., 2021; Rodrí
guez Chialanza et al., 2018; Sánchez-Hernández et al., 2021). On the 
other hand, sediment samples, which included aquatic shoreline 

Fig. 2. Scope of the reviewed papers. A. Papers were grouped by 4 ecosystems: marine, freshwater, estuarine or terrestrial, with marine environments being studied 
by most papers (63.1%, n = 198 considering papers that studied more than one ecosystem). B. Papers were grouped by the type of analyzed sample, with biota 
samples being the most frequent (40.3%, n = 221 considering the papers that analyzed more than one type of sample). C. Papers that studied microplastics in biota 
were grouped according to the ecosystem where the biota samples were taken. Over half of the papers studied marine species (61%, n = 100 papers considering the 
papers that studied species from different ecosystems). D. Species were separated according to a general taxonomic classification that considered eight classes. Fishes 
were the most frequent species analyzed by the papers that studied biota samples, with 82.3% of the total species belonging to said group (n = 350 species). Fish and 
mollusks were considered the main economically relevant groups in the analysis. 
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sediments (e.g., beach sand), submerged sediments, and some terrestrial 
soil samples (Álvarez-Lopeztello et al., 2021; Corradini et al., 2021, 
2019; Ramos et al., 2015), were taken in 34.4% of the reviewed papers 
(n = 221) (Fig. 2B). There were regional differences in the number of 
papers on microplastics that analyzed different ecosystems and types of 
samples that are further detailed in Table S5. 

With regards to the reported sampling methods, most studies 
employed manta trawls or equivalent devices (e.g., plankton meshes, 
neuston net) for taking surface water samples, while water column 
samples were taken using grab samplers (e.g., Niskin or Nasen bottles). 
The usual sampling strategy for sediment samples included the use of 
transects and quadrats for aquatic shoreline sediments, Van Veen sam
plers for submerged superficial sediments, and soil core samplers for 
terrestrial sediments. 

As vital elements of ecosystems, water and sediments play key roles 
on the environmental dynamics of microplastics. In consequence, the 
inclusion of water and sediment samples in future studies on micro
plastic abundance in Latin America and the Caribbean is needed to 
elucidate sources, sinks and long-term dynamics of microplastics in 
different ecosystems through routine monitoring programs. In the sec
tion: Emphasis on variability we discuss the high variability observed in 
the characterization of microplastic samples isolated from water and 
sediment samples and in the section: Available standards we propose the 
adoption of a standard to address the previously described heterogeneity 
issue. 

Biota samples 
The presence of environmental microplastics on biota samples were 

analyzed by the majority of the reviewed papers (40.3%, n = 221, 
considering the papers that analyzed different types of samples) 
(Fig. 2B), as they were the most frequent type of sample taken in 
freshwater, estuarine and terrestrial ecosystems, only falling behind to 
sediment samples in marine ecosystems (Table S5). The analysis of 
microplastics in biota samples was performed across 350 different ma
rine, freshwater, terrestrial, and estuarine species in a total of 89 papers, 
with most studies analyzing the digestive tract (or equivalent organs) of 
the sampled individuals (59.8%, n = 97 considering the papers that 
studied more than 1 tissue). 

The reported species were grouped according to their ecosystem 
(terrestrial, marine, freshwater, or estuarine) and general characteristics 
(fish, invertebrates, mollusks, birds, mammals, reptiles, amphibians, 
and algae). As mollusks are considered an economically relevant group, 
they were not included with the other invertebrates. Estuarine species 
were validated based on the listed environments on FishBase (Froese 
and Pauly, 2021) or WoRMS (WoRMS Editorial Board, 2022) and the 
studied ecosystem specified by the respective reviewed paper. 

Overall, 93% of the reviewed biota papers (n = 100 considering the 
papers that analyzed biota samples from multiple ecosystems) studied 
microplastic interactions with aquatic species (marine, freshwater, or 
estuarine biota), while only 7% (n = 100) analyzed terrestrial species 
(Fig. 2C). Over 82% of the studied species (n = 350) were fishes, fol
lowed by invertebrates with 6.9% (n = 350) and mollusks with (6%, n =
350), while few studies sampled organisms from the other groups 
(mammals, birds, amphibians, reptiles or algae) for microplastic anal
ysis, regardless of the sampled ecosystem (Fig. 2D). Notably, 98.8% of 
the species studied in estuaries (n = 80) were fishes, highlighting the 
importance of this group for microplastic studies in Latin America and 
the Caribbean. 

The most frequently studied species was Mugil curema, which was 
included in 7.9% of the reviewed biota papers (n = 89), followed by 
Prochilodus lineatus (5.6%, n = 89), Caranx hippos (4.5%, n = 89), Mugil 
cephalus (4.5%, n = 89) and Oreochromis niloticus (4.5%, n = 89). Most of 
these economically relevant species present wide geographical distri
butions, evidenced by their inclusion in studies from 2 different regions 
from Latin America and the Caribbean (Nunes et al., 2021; Sala
zar-Pérez et al., 2021), which makes them potentially valuable 

bioindicators for microplastic studies in Latin America and the Carib
bean. Table S6 contains the list of the 350 species reported by the 89 
reviewed papers. 

The high number of biota samples in the reviewed papers may be 
associated with determining microplastic toxicity in aquatic or terres
trial organisms, one of the main concerns of microplastic pollution 
(GESAMP, 2019; United Nations Environment Programme, 2020). 
Current reports of microplastic toxicity in different organisms are var
ied, ranging from no apparent toxic effects (Castro et al., 2020; Grillo 
et al., 2021; Opitz et al., 2021) and moderate effects (e.g., altered 
metabolic rates or behavior) (Carrasco et al., 2019; da Costa Araújo and 
Malafaia, 2021) to severe effects like genotoxicity or tissue damage (da 
Costa Araújo et al., 2020; Détrée and Gallardo-Escárate, 2017). How
ever, there is still some debate on identifying the specific characteristics 
of microplastics that produce the toxic effects, as environmental 
microplastics have diverse microbial communities and adsorbed pol
lutants that may affect their toxicity (Gorman et al., 2019; Pazos et al., 
2020; Pelamatti et al., 2019). Furthermore, the study of the toxicity 
associated with environmental microplastics can provide clues to the 
potential toxicity that microplastics may cause to humans, a novel 
research topic that is rapidly gaining attention for reports of micro
plastic presence in human feces (Ibrahim et al., 2021), placenta (Braun 
et al., 2021), lung tissue (Jenner et al., 2022) and blood (Leslie et al., 
2022). 

Fishes and mollusks are recognized as economically relevant or
ganisms worldwide (Fig. 2D), evidenced by their high human con
sumption, which fuels the diverse industries (e.g., fisheries) and the 
economy of countries like Peru and Chile (FAO, 2022a, 2022b; Pozo 
et al., 2019). Working with economically relevant species implies 
unique sampling opportunities, such as the analysis of commercially 
acquired organisms (e.g., purchased in stores or directly from fisher) 
employed by 6.7% of the papers (n = 89) (Bermúdez-Guzmán et al., 
2020; Borges-Ramírez et al., 2020; Calderon et al., 2019; De-la-Torre 
et al., 2019; Iannacone et al., 2021; Nunes et al., 2021), that are un
available for water or sediment samples. Nevertheless, appropriate 
QA/QC protocols should be adopted when analyzing commercially ac
quired organisms, as there is a higher potential for cross-contamination 
during the sampling process that may produce uncertainty in the re
ported microplastic concentrations (See Section: QA/QC for contami
nation control). 

Emphasis on variability 

As stated by previous studies, there was a high heterogeneity in the 
results of the reviewed papers (Ajith et al., 2020; Kutralam-Muniasamy 
et al., 2020a; Prata et al., 2021). The observed variability was attributed 
to 3 main factors: the omission of commonly reported parameters, the 
use of redundant categories for each parameter, and the lack of stan
dardized sampling and reporting protocols. Commonly employed pa
rameters like microplastic shape, color, and polymer chemical 
composition (PCC) were missing in 7.3%, 37.3%, and 51.8% of the 
reviewed papers (n = 193), respectively. 

The use of unique or redundant categories for microplastics char
acterization was reflected in the analysis of four shared parameters: 
microplastic shape, color, PCC, and environmental concentration units 
(units) (Fig. 3). Over 55 different categories were employed for each 
parameter; however, most of them are interchangeable, as reports of 
microplastic threads, filaments, or fibers can be grouped under a single 
category, while a report of microplastics L-1 is equivalent to items L-1 for 
most studies. Most papers lack a clear definition of the employed clas
sifications for each parameter, which creates uncertainty when trying to 
compare results obtained from different studies, even when similar 
sampling methodologies are employed. The use of highly specific cate
gories for reporting microplastic characteristics is also ill-advised, as 
reports of detailed microplastics units associated with a specific species 
or unique sampling location cannot be easily compared to other studies. 
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Additional sources of variability include reports of ambiguous cate
gories like color hues (e.g., blue and light blue) and the inclusion of 
natural or synthetic polymers (e.g., rayon, latex, or cellulose) when 
reporting microplastic PCC. Even though this review only analyzed four 
parameters commonly employed in microplastic studies, the observed 
trends are expected to be present in parameters not considered in Fig. 3, 
such as microplastic size. 

Generally, environmental pollution studies tend to report a set of 
parameters that characterize pollutants, which include their chemical 
composition, concentration, and physicochemical properties, along with 
environmental parameters relevant to the sampling ecosystem (e.g., 
temperature, pH) (GESAMP, 2019). There is, however, no consensus in 
the reviewed papers on a set of universally adopted parameters to be 
used in the characterization of environmental microplastics, as different 
papers reported different parameters. Nevertheless, the shape, color, 
and PCC of microplastics constitute some of the basic parameters that 
should be included in all microplastic environmental studies, as they 
provide valuable information for the creation of local or regional 
microplastic pollution baselines, and they can be analyzed at a relatively 
low cost (GESAMP, 2019; González et al., 2016). Microplastic shape and 
color can be analyzed with light microscopy, while microplastic PCC can 
be obtained via FT-IR or Raman spectroscopy, the main characterization 
techniques employed for reporting microplastic polymers (Alvar
ez-Zeferino et al., 2020; GESAMP, 2019; González et al., 2016; Kutra
lam-Muniasamy et al., 2020a; Montecinos et al., 2021; Truchet et al., 
2021). 

While researchers are encouraged to clearly define the categories 
they employ for reporting different microplastic characteristics, the use 
of standardized categories, as well as the inclusion of a set of minimum 
reporting parameters and protocols, are required to address the poor 
comparability found in the reviewed papers. However, it is recognized 
that the analysis of certain parameters may exceed the budget of some 
studies, which could explain the percentage of papers that did not report 
microplastic PCC (51.8%, n = 193). In the section: Available standards, 
we review some currently available standard protocols and propose the 
adoption of a robust methodology for future studies in Latin American 
and Caribbean countries. 

Available standards 

A common statement found throughout the revision of the selected 
papers, regardless of their publishing date, was the need for standard 
protocols that specify sampling and analysis procedures for microplastic 
studies, including guidelines for reporting the experimental results 
(Ajith et al., 2020; Kutralam-Muniasamy et al., 2020a). The lack of 
standardization in the field of microplastics studies is regularly refer
enced when employing methodologies that produce unique microplastic 
concentration units, or the use of unique categories for reporting 

microplastic characteristics (See section: Emphasis on variability) 
(Cabrera et al., 2020; Gimiliani et al., 2020). In order to review the 
current state of microplastic standard protocols, we selected four 
currently available standards: two standards for marine and freshwater 
ecosystems, respectively, that were published since 2015 and had open 
access status, and we compared their guidelines with the reviewed 
papers. 

The chosen standards for marine environments were Masura et al. 
(2015), published by the U.S. National Oceanic and Atmospheric 
Administration (NOAA), and the guidelines published by the Joint 
Group of Experts on the Scientific Aspects of Marine Environmental 
Protection (GESAMP) (GESAMP, 2019). For studies of microplastics 
found in freshwater environments, the standards published by the Eu
ropean Union (González et al., 2016) and by the United Nations Envi
ronment Programme (UNEP) (United Nations Environment Programme, 
2020) were selected. 

Approximately 92% of the reviewed papers were published after 
Masura et al. (2015), the standard with the earliest publishing date 
considered for this review (Fig. 4). This result contrasts with the wide
spread claims made about the lack of standardized analysis and 
reporting guidelines in the microplastic field of study. Moreover, 
comprehensive standards and guidelines have been published in the past 
few years, such as GESAMP (2019) and UNEP (2020), and, at the time of 
this study, multiple guidelines are being developed by the International 
Organization for Standardization (ISO) (e.g., ISO/AWI 5667-27 and 
ISO/DIS 24187) and the American Society for Testing and Materials 
(ASTM International) (e.g., ASTM WK72349, ASTM WK74436, ASTM 
WK70831 and ASTM WK67788). Additionally, an updated version of the 
Guidance on Monitoring of Marine Litter in European Seas (European 
Commission et al., 2013) is under preparation. As such, Fig. 4 suggests 
that Latin American and Caribbean authors are unfamiliar with the 
currently available standardized protocols for microplastic studies. 

Comparison of available standards 

Table 1 summarizes the scope of the chosen standards and the out
lined guidelines for the analysis of five common parameters reported in 
microplastic studies: microplastic shape, color, size, environmental 
concentration units (units), and detection limit of the analytical 
techniques. 

All of the selected standards provide guidelines for the analysis of 
microplastics isolated from water and sediment samples; however, the 
standards tend to focus on either establishing monitoring programs 
(GESAMP, 2019; González et al., 2016; United Nations Environment 

Fig. 3. Number of categories reported for each parameter employed for char
acterizing environmental microplastics. PCC: Polymer Chemical Composition. 
For each of the considered parameters reported by 193 papers, the number of 
single categories was counted (e.g., for the microplastic shape, the categories 
might include fibers, filaments fragments, pellets, spheres, etc.). 

Fig. 4. Publishing year of the reviewed papers and the chosen standards. The 
number of papers has increased with each passing year. Additionally, most of 
the reviewed papers (92%, n = 193 papers) were published after the first 
standard analyzed in this paper was made available. NOAA: Masura et al, 
(2015), UN River: González et al. (2016), GESAMP: GESAMP (2019), UNEP: 
United Nations Environment Programme (2020). 
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Table 1 
Summary of the selected standards. The standards were classified according to their scope (ecosystem and the types of samples) and five parameters commonly 
employed for describing environmental microplastics: microplastic shape, color, size (reported in categories), concentration units, and detection limit.  

Publishing 
organization 

Ecosystem Type of 
sample 

Shape Color Size class Units Detection limit Reference 

NOAA Marine Water Hard 
plastics, 
Soft plastics 
(Foam), 
Film, 
Line, 
Fiber, 
Sheet 

- (5600 - 1000) μm, 
(1000 - 300 μm) 

grams microplastics/ 
mL matrix  

335 μm Masura et al. (2015)   

Sediment Hard 
plastics, 
Soft plastics 
(Foam), 
Film, 
Line, 
Fiber, 
Sheet 

- (5000 - 1000) μm, 
(1000 - 300) μm 

grams microplastics/ 
grams total solids, 
grams microplastics/ 
m2 matrix 

300 μm  

GESAMP Marine Water Fragment, 
Foam, 
Film, 
Line, 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

(5000 - 1000) μm, 
(1000 - 300) μm, 
(300 - 20) μm 

Microplastic number/ 
m, 
Microplastic number / 
L, 
Microplastic number / 
m3, 
Microplastic grams / 
m, 
Microplastic grams / L, 
Microplastic grams / 
m3 

100 μm (visual 
inspection), 
20 μm (FT-IR) 

GESAMP, 2019   

Sediment Fragment, 
Foam, 
Film, 
Line, 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

(5000 - 2000) μm, 
(2000 - 1000) μm, 
(1000 - 500) μm, 
(500 - 250) μm 

Microplastic number 
/m2, 
Microplastic number / 
m3, 
Microplastic grams/ 
m2, 
Microplastic grams/ L, 
Microplastic grams/ 
m3 

100 μm (visual 
inspection), 
20 μm (FT-IR)    

Biota Fragment, 
Foam, 
Film, 
Line, 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

(Suggests other 
protocols including 
NOOA) 

(Suggests other 
protocols including 
NOOA) 

(Suggests other 
protocols including 
NOOA)  

UNEP Freshwater Water  Fragment 
Foam 
Film 
Fiber 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

(5000 - 500) μm, 
< 500 μm 

item counts/ volume, 
item mass/volume 

Operationally defined 
(Mesh pore size) 

United Nations 
Environment 
Programme (2020) 

(continued on next page) 
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Programme, 2020) or creating detailed laboratory protocols (Masura 
et al., 2015). Three out of four standards, with the exception of Masura 
et al. (2015), recommend reporting environmental microplastic con
centration as both microplastic counts and mass in recognition of the 
different information that can be interpreted from these different units 
in the context of monitoring programs and regulatory legislation. 
Furthermore, GESAMP (2019) and United Nations Environment Pro
gramme (2020) provide additional recommendations for sampling and 
analyzing microplastics in biota, although the specified guidelines were 
not as complete as those for water and sediment samples. 

The standards designed for marine microplastic studies provided 
more information for the chosen parameters than freshwater standards 
(Table 1). However, the suggestions provided by both freshwater and 
marine standards have the potential to be used for either environment 
with few modifications needed to the sampling protocols (GESAMP, 
2019; United Nations Environment Programme, 2020), as the different 
standards often reference each other when providing sampling or 
analysis guidelines. Overall, GESAMP (2019) was the most robust 
standard with regards to the guidelines proposed for the chosen pa
rameters employed for the characterization of microplastics isolated 
from all types of samples: water, sediment, and biota. 

The parameters analyzed in Table 1, along with microplastic PCC, 
constitute the minimum set of reporting parameters proposed for papers 
that analyze microplastic environmental concentration (GESAMP, 2019; 
González et al., 2016; United Nations Environment Programme, 2020). 
The information provided by the joint analysis of these parameters could 
aid in the development of long-term monitoring programs, regulatory 
legislation, or environmental risk assessment studies, which are urgently 
needed in the field of microplastic pollution (GESAMP, 2019; González 

et al., 2016; Kutralam-Muniasamy et al., 2020a; United Nations Envi
ronment Programme, 2020). 

However, the omission of some parameters from some studies noted 
in the section: Emphasis on variability should be avoided, when 
possible, as each parameter usually entails information relevant for 
multiple applications. As an example, the color of microplastics has been 
proposed as a factor that determines the ingestion of the pollutant by 
biota that relies on visual cues for feeding (Chen et al., 2020; GESAMP, 
2019; Ryan et al., 2019; Xiong et al., 2019), although more research is 
needed to elucidate said relationship. Furthermore, as the polymers 
employed for the creation of microplastics are transparent, the addition 
of dyes (employed for polycarbonates) or pigments (employed with 
polyolefins) that are associated with metallic compounds (e.g., ZnO for 
white, Cobalt II diacetate (Co) for blue, mixtures of CdS and CdSe for red 
or orange) have the potential to leach into the environment, enhancing 
microplastic toxicity (Bandow et al., 2017; Liu et al., 2020; Turner and 
Filella, 2021). 

Finally, reporting the detection limit of the analytical techniques 
increases the reproducibility and comparability of the results, while also 
adhering to general quality assurance and quality control (QA/QC) 
practices. 

Recommendation of a regional standard 

The flexibility of GESAMP (2019) was noted when comparing the 
standards with the reviewed papers that studied water or sediment 
samples, as the suggested guidelines could be adapted to a higher per
centage of published papers when compared to the other standards. All 
of the reviewed papers included at least one classification for reporting 

Table 1 (continued ) 

Publishing 
organization 

Ecosystem Type of 
sample 

Shape Color Size class Units Detection limit Reference   

Sediment Fragment 
Foam 
Film 
Fiber 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

(5000 - 500) μm, 
(500 - 100) μm,( 
100 - 
50) μm,( 
50 - 10) μm  

item counts/ volume, 
item mass/volume 

Operationally defined 
(Sieve pore size)    

Biota Fragment 
Foam 
Film 
Fiber 
Pellet 

Pink, 
Red, 
Orange, 
Brown, 
Yellow, 
Olive, 
Yellow- 
Green, 
Green, 
Blue, 
Purple, 
White, 
Gray, 
Black 

Not specified Not specified Not specified  

European 
Commission 

Freshwater Water Fragment, 
Foil, 
Fiber, 
Foam, 
Pellet 

- (5000 - 0.333) μm item number/time, 
item weight/ time, 
item number/volume, 
item weight/ volume 

Operationally defined 
(Mesh pore size)    

Sediment Fragment, 
Foil, 
Fiber, 
Foam, 
Pellet 

- (5000 - 0.333) μm item number/volume, 
item weight/volume, 
item number/area, 
item weight/area 

Operationally defined 
(Sieve pore size)   
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the shape of microplastics, while 58.1% employed the recommended 
microplastic concentration units present in GESAMP (2019), the highest 
percentages obtained for any standard (Table S7). Additionally, 22.6% 
and 10.8% of the papers employed the proposed guidelines by both 
GESAMP (2019) and Masura et al. (2015) for classifying microplastic 
size and establishing a detection limit, respectively (Table S7). While the 
reviewed papers used different sampling protocols from those proposed 
by the standards, the guidelines outlined by GESAMP (2019) have the 
greatest potential to recover the most information of the currently 
published papers. 

Overall, GESAMP (2019) was considered as the best option for the 
adoption of a regional standard for studies that measure microplastic 
pollution in marine environments, both for water and sediment samples. 
Furthermore, while the standard published by the United Nations 
Environment Programme (2020) was regarded as the recommended 
standard for freshwater microplastic studies, any missing information 
from the said standard should be supplemented with GESAMP (2019). 
Even though both standards also provide guidelines for analyzing biota 
samples, they should be supplemented with more specific sampling and 
processing protocols for the specific taxonomic group that is being 
studied. 

Ultimately, the current goal of microplastic research is to create local 
and regional long-term monitoring programs. However, for their correct 
execution, environmental microplastic results need to include a set of 
clearly defined variables and classifications that enable the harmoni
zation of the data to facilitate modeling studies destined to aid in the 
development of regulatory legislation. To that effect, most of the 
reviewed guidelines in this paper tend to focus on establishing moni
toring programs in either marine or freshwater environments (GESAMP, 
2019; González et al., 2016; United Nations Environment Programme, 
2020), suggesting that the provided guidelines can be adapted to mul
tiple environments and current on-going monitoring programs in order 
to create a cohesive baseline for Latin American and the Caribbean. 

QA/QC for contamination control 

Environmental pollution studies rely on standards of quality assur
ance and quality control (QA/QC) that certify that the reported results 
are a reliable estimate of the concentration of a pollutant in any 
ecosystem through measures like precision and accuracy (Prata et al., 
2021; Wagner, 1995). In order to achieve acceptable QA/QC values, the 
sampling and analysis protocols of environmental pollutants need to 
take into account the influence of cross-contamination at any point of 
the analysis and its effect on the reproducibility of the results (Prata 
et al., 2021; Wagner, 1995; Ziajahromi and Leusch, 2022). 

However, there is a current lack of widely adopted QA/QC guidelines 
for microplastic studies (Brander et al., 2020; Connors, 2017; Prata 
et al., 2021), similar to the reported absence of standard sampling and 
analysis protocols (See section: Available standards). As microplastic 
contamination has been reported in virtually all environments, 
including indoor spaces, like laboratories and households (Brander 
et al., 2020; Prata et al., 2021), the adoption of robust QA/QC protocols 
is required to avoid sample contamination throughout the laboratory 
microplastic analysis. This section evaluates the current state of QA/QC 
guidelines (focusing on contamination control measures) in microplastic 
studies by comparing the ten contamination control procedures pro
posed by Prata et al. (2021) to the reviewed papers. 

Specific QA/QC strategies for microplastic toxicity bioassays have 
been proposed to harmonize the published information for the eventual 
development of environmental risk assessments (Connors, 2017; de 
Ruijter et al., 2020). Briefly, the guidelines address the environmental 
relevance of the study, its experimental design, and the use of appro
priate endpoints of the bioassay. As the study of experimental papers on 
microplastics (e.g., toxicity bioassays) is beyond the scope of this review, 
the reader is encouraged to read the papers by Connors et al. (2017) and 
de Ruijter et al. (2020) for further information. 

Selected QA/QC guidelines 

Prata et al. (2021) proposed a set of ten guidelines that address 
multiple contamination sources found throughout the sampling and 
analysis stages of microplastic studies. Briefly, the proposed measures 
include: using cotton clothing, exclusively using glass or metal labora
tory equipment, appropriately cleaning the laboratory equipment before 
and after its use, filtering all working solutions, minimizing sample 
exposure time to the laboratory conditions, processing the samples in 
controlled-air conditions, cleaning the filters before their use, using 
blanks throughout the analysis procedure, using controls (exposed fil
ters) to account for airborne contamination, and washing the laboratory 
equipment between the analysis of each sample (Prata et al., 2021). 
Table S8 shows a more detailed description of the contamination control 
protocols, along with suggestions outlined by Brander et al. (2020). For 
further information, the reader is encouraged to read the original paper 
(Prata et al., 2021). 

The guidelines proposed by Prata et al. (2021) were found to be the 
most robust in comparison to the QA/QC suggestions included in stan
dard protocols (Section: Available standards), as Prata et al. (2021) 
formulated clear actions that address contamination sources that were 
missing in the other protocols. As an example, the use of sampling and 
analysis blanks is separated from the use of airborne contamination 
controls, such as the use of exposed filter papers close to the working 
areas (Prata et al., 2021), as the information provided by each procedure 
is different, yet complementary. However, earlier standards only suggest 
avoiding the use of plastic equipment and clothing (Masura et al., 2015). 

The detailed nature of the protocols proposed by Prata et al. (2021), 
ensure that researchers are able to control cross-contamination and 
identify the steps in the sampling or analysis workflow that has the 
greatest risk of contaminating the sample. As such, they are considered 
as one of the most thorough contamination control protocols available 
that hold an experimentally validated high QA/QC standard in micro
plastic research. 

Status of QA/QC protocols in Latin America and the Caribbean 

Overall, 38.9% of the reviewed papers (n = 193) do not specify the 
use of any of the ten contamination control protocols proposed by Prata 
et al. (2021); however, the majority of those papers presented earlier 
publication dates than 2021 (Fig. 5). Nevertheless, the use of contami
nation control protocols has increased in recent years, as evidenced in 
Fig. 5, where the percentage of papers that employ at least one of the ten 
suggested protocols rises with each passing year. 

The most common contamination control procedure adopted in the 

Fig. 5. Proportion of papers that adopted at least one quality assurance and 
quality control (QA/QC) for preventing sample cross-contamination. The 
reviewed papers started to employ QA/QC protocols in 2016, with the pro
portion of papers that use at least one QA/QC protocol increasing with each 
passing year. 

J.F. Grillo et al.                                                                                                                                                                                                                                 



Environmental Advances 8 (2022) 100236

10

reviewed papers was using clean laboratory equipment and materials, 
which was reported by 37.8% of the papers (n = 201, considering the 
papers that employ multiple QA/QC protocols) (Fig. 6). The use of 
blanks as negative controls (29.4%, n = 201), cotton clothing 
throughout the analysis (27.9%, n = 201), and glass or metal equipment 
for sampling and analyzing microplastics (24.9%, n = 201) were also 
commonly included by the reviewed papers (Fig. 6). Nevertheless, few 
studies (6%, n = 201) reported cleaning the laboratory equipment be
tween samples, which is an important step to avoid cross-contamination 
(Fig. 6). 

All of the proposed procedures are regarded as intuitive controls that 
can be easily implemented in most microplastic studies without an 
elevated associated cost, as the implementation usually requires 
manageable changes to the laboratory analysis protocols. As an 
example, while the use of clean laboratory equipment is assumed for any 
research project, microplastic studies require a 10% acid wash (HCl or 
HNO3) for glassware and an ethanol wash for metallic materials in order 
to remove microplastic residues adsorbed to the equipment or present in 
the washing water (Brander et al., 2020; Prata et al., 2021). Similarly, 
microplastic studies require that the equipment is thoroughly cleaned 
between samples, which is a step that may be absent in the workflow of 
some laboratories. In consequence, microplastic studies should describe 
in detail all contamination control procedures adopted throughout the 
study in a dedicated section of the methodology or in a section of sup
plementary information in order to increase the reliability of the results. 

Microplastic contamination can happen at any point of the study. 
Even though some contamination sources cannot be avoided (e.g., 
sampling with plastic equipment like a manta trawl or a plankton mesh), 
it is possible to address them to ensure high-quality results. Microfibers 
are regarded as a complicated airborne pollutant, with reports indi
cating that they are the most abundant indoor airborne contaminant 
(Brander et al., 2020; Prata et al., 2021). Out of the 193 reviewed papers, 
2.1% excluded microfibers from their results due to the high potential of 
airborne contamination (Chagnon et al., 2018; Ory et al., 2018); how
ever, this omission can generate bias in the reports of a common 
microplastic shape (Kutralam-Muniasamy et al., 2020a). Most of the 
protocols outlined by Prata et al. (2021) target airborne microplastic 
contamination present during the analysis, including the use of blanks, 
exposed filter papers (or beakers with filtered water), covering the 
samples when not in use, and working in a controlled-air room (laminar 
flow hood, fume hood or a restricted air-flow-room). These precautions 
are required to ensure that any laboratory-based airborne contamination 
is detected and corrected in the final results (e.g., subtracting the 
airborne contaminants from the samples). 

It should be noted that the protocols summarized in Table S8 should 
be implemented through every step of the analysis of environmental 
microplastic samples for future studies: sampling, digestion, density 
separation, filtration, and characterization (e.g., microscope or spec
troscopic technique). Researchers should identify and minimize possible 
contamination sources that may be present at any step of the analysis 
workflow, as the contamination control protocols are not as effective if 
they are not implemented holistically. For example, a study may employ 
blanks and controlled-air conditions during the digestion, density sep
aration, and filtration steps. However, if no controls are included at the 
moment of characterizing the samples by optical microscopy, scanning 
electron microscopy, or spectroscopy techniques (e.g., Raman, FT-IR), 
the final results are still compromised, even if the researchers followed 
most QA/QC procedures. Furthermore, the use of appropriate contam
ination controls should be suited to the objectives and equipment 
available for each study, as more strict controls are required for char
acterization techniques with lower detection limits (< 100 μm) in 
comparison to less sensitive analyses (GESAMP, 2019). 

As microplastic research is still in its early stages, the importance of 
QA/QC protocols has only recently been recognized, with most papers 
that address the subject being roughly published since 2016 (Brander 
et al., 2020; European Commission et al., 2013; Masura et al., 2015; 
Prata et al., 2021). The apparent lack of validated QA/QC protocols in 
the early 2010s, due to a general absence of information about micro
plastic contamination in laboratory settings, likely contributed to the 
relatively high percentage of papers that do not employ QA/QC pro
tocols (Fig. 5). As more information becomes available about micro
plastic sample contamination (e.g., particle dynamic, possible sources, 
mitigation strategies), the scientific community is expected to enforce 
the use of multiple contamination control protocols that ensure 
high-quality results. 

Conclusions and recommendations 

The current state of microplastic studies in Latin America and the 
Caribbean was summarized with a sample of 193 papers that analyzed 
environmental microplastic concentrations in aquatic and terrestrial 
ecosystems. The observed research trends include the study of aquatic 
ecosystems over terrestrial ecosystems, with a notable preference for 
marine environments and biota samples, particularly fishes, for all of the 
studied regions (MCAC, SAPC, and SAAC). Additionally, the parameters 
employed for the characterization of microplastics were highly variable, 
including shape, color, PCC, and the reported concentration units, which 
was attributed to factors like the use of redundant categories or the 
omission of some parameters from the study. However, these factors 
result from a lack of widely adopted standard protocols in Latin America 
and the Caribbean, as it has been referred to by multiple authors. 
Furthermore, the use of QA/QC protocols focused on managing sample 
cross-contamination has increased overall in recent years, even though 
the use of multiple contamination controls is still not widely adopted in 
most papers. 

We propose the adoption of standardized sampling, analysis, and 
reporting guidelines for the Latin American and Caribbean region to 
address the high variability found among the reviewed papers. Addi
tionally, the use of a common regional protocol would facilitate the 
migration towards the development of long-term monitoring programs 
necessary for the creation of environmental risk assessment studies and 
appropriate legislation. Our review of Open Access standards and 
reporting guidelines for aquatic microplastics revealed that multiple 
validated references have been available since 2015, with records of 
earlier standards existing since 2009, suggesting a widespread lack of 
recognition of the current standardized protocols in the region. 

We suggest the inclusion of GESAMP (2019) in all future studies 
performing microplastic environmental determinations, as it was 
considered the most complete standard out of the evaluated references 
and it can be adapted to a wide range of ecosystems and types of 

Fig. 6. Percentage of papers that employed the ten quality assurance and 
quality control (QA/QC) protocols proposed by Prata et al. (2021) to prevent 
sample cross-contamination. The most frequently employed QA/QC protocol 
was using clean laboratory equipment following a specific cleaning procedure 
for microplastic samples (37.8%, n = 201 considering the papers that employed 
multiple QA/QC protocols). 
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samples. Ideally, the suggested sampling methods and reporting pa
rameters should be followed as described in GESAMP (2019). Further
more, we propose that the ten QA/QC protocols suggested by Prata et al. 
(2021) be included whenever possible, as the use of multiple 
cross-contamination controls provides a higher degree of confidence in 
the reported results. Nevertheless, regardless of the inclusion of the 
guidelines outlined by GESAMP (2019) or Prata et al. (2021) to micro
plastic analysis protocols, researchers should aim to report the param
eters considered in this review, which are supplemented with those 
explained by said standard (e.g., microplastic size reported in multiple 
size categories, (GESAMP, 2019)). 

Overall, the observed trends reflect the research output of a few 
countries in each region, highlighting Mexico and Colombia for the 
Central America and Caribbean region (MCAC), Chile for the South 
American Pacific Coast (SAPC) and Argentina and Brazil for the South 
American Atlantic Coast (SAAC). These countries have the potential to 
influence the general direction of the regional microplastic field of 
study, particularly for small countries with low scientific research 
output that may be in the early stages of investigating microplastic 
abundance. Based on the currently available scientific literature, it is 
likely that novice research groups from small Latin American countries 
will tend to focus on studying marine ecosystems and biota samples, 
particularly fishes, as these research topics have the largest established 
baseline methods for microplastic research in comparison to other en
vironments or types of sample. 

Ultimately, the field of microplastic studies in Latin America and the 
Caribbean suffers from a moderate lack of research output by most 
countries. However, if established microplastic research groups from 
influential countries adopt validated standard sampling protocols, 
reporting guidelines and a comprehensive QA/QC system as an addi
tional resource to their preferred protocols, other countries are most 
likely to follow their example. 

Local, national and regional microplastic monitoring programs based 
on a standardized methodology are needed in all countries of the Latin 
America and the Caribbean, although its implementation will be faced 
with greater challenges in countries that are just starting to investigate 
microplastic environmental abundance. In consequence, the participa
tion of governments and international cooperation is necessary for 
achieving large scale monitoring programs, as financing opportunities 
and cooperation programs at a national and international level would 
close the gap between Latin American countries with high and low 
research output, respectively. 
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Baeza, C., Cifuentes, C., González, P., Araneda, A., Barra, R., 2020. Experimental 
exposure of lumbricus terrestris to microplastics. Water Air Soil Pollut. 231, 308. 
https://doi.org/10.1007/s11270-020-04673-0. 

Ballejo, F., Plaza, P., Speziale, K.L., Lambertucci, A.P., Lambertucci, S.A., 2021. Plastic 
ingestion and dispersion by vultures may produce plastic islands in natural areas. 
Sci. Total Environ. 755, 142421 https://doi.org/10.1016/j.scitotenv.2020.142421. 

Bandow, N., Will, V., Wachtendorf, V., Simon, F.-G., 2017. Contaminant release from 
aged microplastic. Environ. Chem. 14, 394. https://doi.org/10.1071/EN17064. 

Bermúdez-Guzmán, L., Alpízar-Villalobos, C., Gatgens-García, J., Jiménez-Huezo, G., 
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Identification of microplastics in wastewater samples by means of polarized light 
optical microscopy. Environ. Sci. Pollut. Res. 27, 7409–7419. https://doi.org/ 
10.1007/s11356-019-07011-y. 

Silva, M.M., Maldonado, G.C., Castro, R.O., de Sá Felizardo, J., Cardoso, R.P., Anjos, R.M. 
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