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Microplastic pollution on beaches in Crucita, Ecuador: 
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Contaminación por microplásticos en las playas de 
Crucita, Ecuador: abundancia y composición de 

polímeros
Karen Bravo-Sánchez1, Andrea García-Palma2, Lelly Useche-Castro3 & Jean Pérez-Parra*2

ABSTRACT
Coastal environments worldwide face a significant and growing threat from microplastic 
pollution. This study quantified microplastic abundance and identified microplastic 
polymer types in the sand of three beaches in Crucita, Ecuador: Crucita (parish seat), Las 
Gilces, and La Boca. Sand samples were collected in September 2024 along 100-meter 
transects in the high tide zone. Ten sampling points were randomly selected per transect, 
and the subsamples were combined to form three composite samples per beach. The 
analytical process involved sorting the particles into two-dimensional categories: 1-5 mm 
(by sieving) and <1 mm (by density separation with NaCl and filtration). Microplastic 
abundance was quantified in both fractions. Polymer composition of the 1-5 mm fraction 
was analyzed using FTIR spectroscopy. For the 1-5 mm fraction, mean abundance was 
between 0.58 and 1.09 items/kg, whereas for the <1 mm fraction, it varied between 
653.33 and 1,460 items/kg. Although abundance levels varied, the differences between 
the beaches were not statistically significant for either size fraction. Polypropylene 
was the most common polymer in the 1-5 mm fraction, followed by polyethylene and 
polyurethane. Notably, a terpolymer composed of styrene, acrylonitrile, and methyl 
methacrylate was identified exclusively at La Boca, the beach located at the mouth 
of the Portoviejo River. This finding strongly suggests a fluvial transport pathway for 
less common industrial polymers. These results provide the first baseline assessment 
of microplastic contamination in this area and highlight the need to implement waste 
management strategies for both land-based and riverine sources.
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RESUMEN
En el nivel global, los entornos costeros enfrentan una amenaza significativa y 
creciente debido a la contaminación por microplásticos. En este estudio se cuantificó 
la abundancia e identificó los tipos de polímeros de los microplásticos presentes en la 
arena en tres playas de Crucita, Ecuador: Crucita (cabecera parroquial), Las Gilces 
y La Boca. Se recolectaron muestras de arena en septiembre de 2024 a lo largo de 
transectos de 100 metros en la zona de pleamar. Se seleccionaron aleatoriamente 
diez puntos de muestreo por transecto, y las submuestras se combinaron para 
formar tres muestras compuestas por playa. El análisis consistió en clasificar las 
partículas en dos categorías de tamaño: 1-5 mm (mediante tamizado) y <1 mm 
(mediante separación por densidad con NaCl y filtración). Se cuantificaron los 
microplásticos en ambas fracciones. La composición de polímeros de la fracción 
de 1-5 mm se analizó por espectroscopía FTIR. Para la fracción de 1-5 mm, la 
abundancia media estuvo entre 0.58 y 1.09 ítems/kg, mientras que para la fracción 
<1 mm, esta varió entre 653.33 y 1 460 partículas/kg. Aunque los niveles de 
abundancia variaron, las diferencias entre las playas no fueron estadísticamente 
significativas para ninguna de las dos fracciones de tamaño. El polipropileno fue 
el polímero más común en la fracción de 1-5 mm, seguido por el polietileno y el 
poliuretano. Cabe destacar que también se identificó un terpolímero de estireno, 
acrilonitrilo y metacrilato de metilo, encontrado exclusivamente en La Boca, la 
playa situada en la desembocadura del río Portoviejo. Este hallazgo sugiere una vía 
de transporte fluvial para polímeros industriales menos comunes. Estos resultados 
proporcionan la primera línea de base sobre la contaminación por microplásticos 
en esta zona y enfatizar la importancia de implementar estrategias de gestión de 
residuos dirigidas tanto a fuentes terrestres como fluviales.

Palabras clave: microplásticos, arena de playa, playa Crucita, polipropileno, 
contaminación costera.

INTRODUCTION

Microplastics are small plastic 
particles less than 5 mm in size, orig-
inating from the breakdown of larg-
er plastic items or manufactured for 
specific uses such as in cosmetics and 
cleaning products (Saeedi, 2024). Mi-
croplastics come from diverse sources, 
such as personal hygiene products and 
the waste from larger plastic objects 
(Ranjan & Singh, 2024). The inefficient 
collection and inappropriate manage-
ment of plastic waste also contribute 

significantly to the massive amounts of 
microplastics entering various ecosys-
tems, including oceans, rivers, soil, and 
even the air (Jangir et al. 2024).

Based on their origin, microplas-
tics fall into two main groups. The first 
group is primary microplastics, which 
are manufactured at microscopic sizes 
for direct use in specific applications, 
such as microbeads in cosmetic prod-
ucts. In contrast, secondary microplastics 
are formed through the environmental 
degradation and fragmentation of larger 
plastic items (Cherian et al. 2024).

http://dx.doi.org/10.15359/revmar.17-2.9
https://publica2.una.ac.cr/revistas-2025/REVMAR/17-2/art-09-resumen-17_2.mp3


Microplastic pollution on beaches in Crucita, Ecuador: Polymer abundance and 
composition

155Rev. Mar. Cost. Vol. 17 (2): 153-172, julio-diciembre 2025
ISSN: 1659-455X • e-ISSN: 1659-407X
DOI:  http://dx.doi.org/10.15359/revmar.17-2.9

health and ecosystems, it is necessary 
to both identify and study the main 
sites where these materials can ac-
cumulate. Beaches are among these 
sites, as they are where larger plas-
tics break down into smaller particles. 
This occurs either through exposure 
to sunlight (UV radiation), physical 
abrasion, or contact with water (Piehl 
et al. 2019). On beaches, plastic parti-
cles that arrive from both land-based 
and oceanic sources also combine 
(Thepwilai et al. 2021; Li et al. 2023). 
This makes beach sand an ideal envi-
ronment to study this contamination 
problem (Wilson et al. 2021), which 
in turn is influenced by anthropogen-
ic factors, such as inadequate waste 
disposal, poor plastic waste manage-
ment, and tourism in coastal areas 
(Thepwilai et al. 2021; Li et al. 2023; 
Lloyd-Jones et al. 2023). The concen-
tration of microplastics in beach sand 
has been correlated with its proximity 
to urban areas and effluent discharge 
points (Gobiraj et al. 2024). The accu-
mulation of plastic particles on beach-
es affects the aesthetics and health of 
their ecosystems, particularly the bio-
ta, as many organisms consume them. 
All the foregoing highlights the impor-
tance of conducting studies or moni-
toring to generate information on this 
issue, which in turn can be used to es-
tablish waste management policies to 
reduce the environmental risks posed 
by plastic pollution (Álvarez-Zeferino 
et al. 2020; Jones et al. 2022).

The presence of microplastics 
represents a threat to both ecosystems 
and human health. In aquatic ecosys-
tems, the ingestion of microplastics by 
marine life can cause physical damage, 
reproductive issues, and even death 
(Ghosh et al. 2023). Furthermore, the 
ability of microplastics to act as vec-
tors for other pollutants increases their 
toxic effects (Zambrano-Pinto et al. 
2024). Terrestrial ecosystems are also 
affected, as microplastics modify soil’s 
physical and chemical characteristics, 
thereby altering plant growth and soil 
microorganism activity (Guo et al. 
2020). Another negative aspect of mi-
croplastics in soil is their bioaccumu-
lation and biomagnification resulting 
from their incorporation into the food 
chain via soil organisms (Lloyd-Jones 
et al. 2023; Okeke et al. 2023). Both 
ingestion and inhalation of microplas-
tics by humans have been associated 
with adverse health effects; among 
these, endocrine alterations, respira-
tory problems, and digestive problems 
are notable. It has also been deter-
mined that they can lead to a greater 
risk of cancer and diabetes (Ghosh 
et al. 2023). In addition to all the ad-
verse health effects previously men-
tioned, microplastics can also leach 
toxic chemicals recognized as endo-
crine disruptors, such as bisphenol A 
(BPA) and phthalates, thereby further 
increasing the risk to human health 
(Bhat et al. 2022). Given the negative 
impacts of microplastics on human 
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The province of Manabí is locat-
ed on the central coast of Ecuador and is 
known for its beautiful beaches, which 
have made it an important tourist des-
tination that also contributes to the lo-
cal economy (Zambrano Santos et al. 
2022). Within this province, the canton 
of Portoviejo is home to some of the 
most visited beaches in the region: Cru-
cita, La Boca, and Las Gilces. Crucita, 
for example, is one of the main tourist 
destinations, where its local economy 
depends heavily on tourism (Pérez-Chá-
vez & Zambrano-Montesdeoca, 2023). 
These beaches play an important ecolog-
ical role for the region and also support 
local communities that depend on both 
artisanal fishing and tourism (Arroyo 
Cobeña & Jalil Vélez, 2019). On these 
beaches, there is a growing anthropogen-
ic pressure, generated on the one hand 
by tourism development and fishing ac-
tivity (Macías Carrillo, 2018), and on 
the other hand, by the inadequate man-
agement of waste, particularly plastics, 
thereby becoming a threat to the coastal 
ecosystems of this region (Alcívar Sal-
tos et al. 2023). Based on the foregoing 
and given the importance of the beaches 
of the Portoviejo canton for both tourism 
and its local economy, and also consid-
ering the potential environmental prob-
lems that microplastic pollution may 
be generating on these beaches, it then 
becomes necessary to carry out an eval-
uation of the levels of microplastics on 
the beaches of Crucita, La Boca, and Las 
Gilces that allows for the identification 

of potential sources and that also serves 
to guide the implementation of both 
management and mitigation plans for 
microplastic pollution, in order to safe-
guard these important ecosystems and 
ensure their long-term preservation. The 
objective of this study was therefore to 
determine the abundance, characteris-
tics, and distribution of microplastics in 
the sand of these three beaches, starting 
with the quantification of microplastic 
abundance, then identifying the pre-
dominant polymer types using the FTIR 
spectroscopy technique, and finally, 
comparing the pollution levels among 
the beaches, considering the potential 
sources of origin and the anthropogen-
ic activities associated with each area. It 
is also expected that the findings of this 
study will serve as a source of informa-
tion for the development of management 
and mitigation strategies for plastic pol-
lution in these coastal ecosystems.

MATERIALS AND METHODS

Study area
The research we present was 

conducted on three beaches of the 
Crucita parish, which belongs to the 
Portoviejo canton of the Manabí prov-
ince, Ecuador. The coastal area of this 
parish extends for approximately 13 
km. This area has a concave shape, 
which is characteristic of many beach-
es in Manabí. It also features cliffs 
and modest deltaic formations. The 
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predominant economic activities in 
the parish are tourism, artisanal fish-
ing, and agriculture. A sampling point 
was established on each beach. The 
first sampling point was located on 
the beach adjacent to the parish’s main 
urban center. This section of beach, 
approximately 4 km long. The imme-
diate surroundings correspond to the 
main urban settlement of Crucita, with 
a high concentration of buildings and 
tourism-related activities. The primary 
use of this beach is intensive tourism, 
although artisanal fishing also takes 
place. The second sampling site, Las 
Gilces, is located 4.3 km north of the 

Crucita parish seat, adjacent to the Las 
Gilces community. The main uses of 
this beach are artisanal fishing and 
tourism, the latter being less intensive 
than in the Crucita parish seat. The 
third sampling site, La Boca, is located 
7.9 km north of the Crucita parish seat, 
immediately south of the mouth of the 
Portoviejo River. The surrounding en-
vironment is marked by the presence 
of the Portoviejo River. The main eco-
nomic activity in this area is tourism. 
Figure 1 presents a map of Crucita par-
ish showing the locations of the three 
sampling sites, as well as their loca-
tions within Ecuador.

Fig. 1. Map of the study area within Crucita parish, Portoviejo canton, prov-
ince of Manabí, Ecuador, indicating the three microplastic sampling locations: 
Crucita (1), Las Gilces (2), and La Boca (3) along the coastline. The inset map 
positions the study area within Ecuador
Fig. 1. Mapa del área de estudio dentro de la parroquia Crucita, cantón Porto-
viejo, provincia de Manabí, Ecuador, indicando los tres lugares de muestreo de 
microplásticos: Crucita (1), Las Gilces (2) y La Boca (3) a lo largo de la costa. 
El mapa posiciona el área de estudio dentro de Ecuador
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Sampling design
Sampling was conducted in 

September 2024 at three beach areas 
within the Crucita parish: Crucita (par-
ish seat), Las Gilces, and La Boca. At 
each beach, a 100-meter linear transect 
was established parallel to the coast-
line within the high-tide zone (high-
tide line). The specific location of each 
transect was determined visually in the 
field, selecting a representative area of 
each beach and avoiding areas with 
obvious obstacles or disturbances.

Along each 100-meter transect, 
20 equidistant points were marked 
at 5-meter intervals. From these 20 
pre-established points, 10 sampling 
points were randomly selected (Váz-
quez Morillas et al. 2020). The loca-
tion of the sampling points along the 
transect and the sampling design are 
illustrated in Figure 2. Random selec-
tion was performed using Microsoft 
Excel. This procedure ensured an un-
biased distribution of sampling points 
along each transect and systematic 
coverage of the study area.

Fig. 2. Schematic representation of the sampling design used at each beach. A 
100 m transect was established on the high tide line, and 10 sampling points 
were randomly selected along the transect (Vázquez Morillas et al. 2020)
Fig. 2. Representación esquemática del diseño de muestreo utilizado en cada 
playa. Se estableció un transecto de 100 m en la línea de marea alta y se selec-
cionaron aleatoriamente 10 puntos de muestreo a lo largo del transecto (Váz-
quez Morillas et al. 2020)

http://dx.doi.org/10.15359/revmar.17-2.9


Microplastic pollution on beaches in Crucita, Ecuador: Polymer abundance and 
composition

159Rev. Mar. Cost. Vol. 17 (2): 153-172, julio-diciembre 2025
ISSN: 1659-455X • e-ISSN: 1659-407X
DOI:  http://dx.doi.org/10.15359/revmar.17-2.9

For each beach area, the sand 
samples collected at the 10 sampling 
points were combined to form three 
composite samples. Two of the com-
posite samples were created from the 
sand of three sampling points each, 
and the third composite sample was 
created from the sand of the remaining 
four sampling points. This resulted in 9 
composite samples (3 per beach area).
Sample collection

At each of the 10 randomly select-
ed sampling points along the 100-meter 
transect, a surface sand subsample was 
collected using an improvised cylindri-
cal corer, consisting of a polypropylene 
(PP) plastic pot measuring 0.20 m in di-
ameter and 0.18 m in height, which had 
an external line drawn 5 cm from the top 
edge to indicate the sampling depth. The 
pot was inserted vertically into the sand 
until the marked line was flush with the 
sand surface. Once the pot was inserted 
to the 5 cm mark, the surrounding sand 
was carefully removed, exposing its side 
walls. Subsequently, a sheet made of 
polypropylene (PP) was slid underneath 
the base of the pot to separate the sand 
subsample contained within. The subsa-
mple, along with the pot and the sheet, 
was carefully removed from the ground. 
The sand contained in the pot, repre-
senting the top 5 cm of sediment, was 
transferred to an individual bag made 
of low-density polyethylene (LDPE) 
with a 20,000 g capacity, previously 
labeled with a unique code identifying 
the beach, the transect number, and the 

sampling point number within the 20 
pre-established points. As an additional 
measure to minimize potential contami-
nation of the samples by plastic particles 
from the bags, each bag was pre-filled 
with sand from the sampling site, which 
was subsequently discarded immedi-
ately before collecting each subsample. 
Subsequently, in the laboratory, the sand 
subsamples from each beach were com-
bined according to the following scheme 
to form three composite samples, as 
shown in Table 1. The sampling point 
numbers (1-20) correspond to the points 
pre-established every 5 meters along the 
100-meter transect. Of these 20 points, 
10 were randomly selected for subsam-
ple collection.

Table 1. Composition scheme for sand 
samples from Crucita, Las Gilces, and 
La Boca beaches
Tabla 1. Esquema de composición 
para muestras de arena de las playas 
de Crucita, Las Gilces y La Boca

Composite 
sample

Beach Sampling points 
included (from the 
20 pre-established)

1 Crucita 1, 3, 5
2 Crucita 7, 8, 11
3 Crucita 13, 15, 18, 20
4 Las Gilces 2, 7, 8
5 Las Gilces 11, 12, 13
6 Las Gilces 16, 17, 18, 19
7 La Boca 1, 3, 4
8 La Boca 5, 7, 9
9 La Boca 14, 15, 16, 20
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To ensure the integrity of the 
samples and prevent contamination, 
specific precautions were followed 
during the entire process. Since both 
the pot and the sheet used for subsa-
mple collection were made of poly-
propylene (PP), an additional measure 
was implemented to minimize poten-
tial contamination from PP particles 
shed by these implements. Before each 
collection, the inner surfaces of the pot 
and the sheet surface were rubbed with 
sand from the sampling site, which 
was then discarded. Additionally, di-
rect contact of the subsamples with 
other plastic materials was avoided. 
The individual subsamples, contained 
in the LDPE bags, were transported 
immediately to the laboratory for pro-
cessing and compositing.
Sample processing in the 
laboratory

Upon arrival at the laboratory, 
the nine composite samples (three from 
each beach area) were processed fol-
lowing the procedure described below:
●	 Wet mass measurement: Im-

mediately upon arrival at the 
laboratory, the mass of each 
composite sample (wet sand + 
bag) was recorded using a Cam-
ry electronic balance, model 
ACS-15-JC21, with a precision 
of 5 g. To obtain the mass of the 
wet sand, the mass of the emp-
ty low-density polyethylene 
(LDPE) bag was subtracted from 
the total mass of the composite 

sample (wet sand + bag). The av-
erage mass of the empty LDPE 
bags was determined using ten 
identical, unused bags, and this 
average value was used for the 
correction.

●	 Drying: Each composite sample 
was carefully transferred from 
its original LDPE bag to a pre-
weighed and labeled aluminum 
tray. The samples were then ov-
en-dried for 24 hours at 105°C. 
A sample was considered to have 
reached constant weight when 
the mass difference between two 
consecutive weighings, separat-
ed by a 24-hour interval, was 
less than 1 g. To avoid contami-
nation while drying, the contain-
ers were thoroughly pre-cleaned 
with filtered deionized water.

Microplastic separation and 
quantification

Microplastic separation and 
quantification were performed in two 
stages, based on particle size:
●	 Separation of 1-5 mm Micro-

plastics (Sieving)
After drying and dry mass mea-

surement, separation of the 1-5 mm 
microplastic size range was achieved 
for each of the composite sand sam-
ples using two stainless-steel sieves (1 
mm and 4.75 mm mesh). The sieves 
were stacked, with the 4.75 mm sieve 
on top and the 1 mm sieve on the bot-
tom. The entire dry sand sample was 
carefully placed on the top sieve. The 
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sieve stack was then agitated manually 
for 5 minutes.

Following sieving, the fraction 
captured by the 1 mm sieve, consisting 
of particles between 1 and 4.75 mm, 
was carefully placed into a Petri dish 
using a stainless-steel spatula. This 
material was subsequently used for 
visual inspection and quantification of 
the 1-5 mm microplastics.
●	 Separation of < 1 mm micro-

plastics (density separation 
and filtration)
To separate and quantify mi-

croplastics smaller than 1 mm, a 50 g 
subsample was taken from each dry 
composite sample. A concentrated 
sodium chloride (NaCl) solution was 
first prepared by dissolving 370 g of 
NaCl in 2 L of distilled water under 
constant stirring. To ensure its purity, 
this solution was then filtered through 
a 1.2 µm glass microfiber filter (Mini-
pore). Then, a 200 mL volume of the 
filtered saline solution was mixed 
with the subsample. The mixture was 
shaken manually for 3 minutes. Sub-
sequently, the mixture was allowed to 
settle for 5 hours to allow phase sepa-
ration. The supernatant (containing the 
microplastics) was carefully decant-
ed and filtered through a binder-free, 
glass microfiber filter, grade GF3, 
from CHMLAB, with a pore size of 
1.2 µm, using vacuum filtration with 
a MXBAOHENG diaphragm vacu-
um pump, model GM-0.5A. The filter 
with the retained microplastics was 

placed in a quartz crucible and dried 
in an electric heating drying oven, 
Rebelk brand, model RS-40, at a tem-
perature of 60°C before visual inspec-
tion. Microplastic quantification was 
performed by microscopic observation 
using a Nikon Eclipse E200 micro-
scope at a magnification of 4x. The en-
tire filter surface was counted.
Microplastic characterization using 
infrared spectroscopy (FTIR)

The identification of the constit-
uent polymers of the 1-5 mm micro-
plastic particles was performed with 
Fourier-Transform Infrared Spectrosco-
py (FTIR). For this analysis, 11 micro-
plastic particles were randomly selected 
from the 1-5 mm sieved samples. FTIR 
analysis was performed using a Ther-
mo Scientific Nicolet Summit PRO 
spectrometer equipped with a diamond 
Everest Attenuated Total Reflectance 
(ATR) accessory. Each selected particle 
was placed directly onto the diamond 
crystal of the ATR accessory. To ensure 
good contact between the particle and 
the crystal, and thus obtain high-quality 
spectra, light pressure was applied to the 
sample using a clean contact tip. Infrared 
spectra were acquired over the spectral 
range of 500 cm-1 to 4,000 cm-1, with 
a spectral resolution of 4 cm-¹ and 16 
scans per sample. To identify the poly-
mer, the acquired spectra were matched 
against reference spectral libraries inte-
grated into the instrument’s software. A 
positive match was considered when the 
similarity percentage exceeded 80%.
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Quality control and contamination 
prevention

To prevent sample contamination, 
rigorous measures were implemented 
during both sampling and lab analysis. 
Before use, all glassware underwent 
cleaning by washing and rinsing with 
filtered deionized water, and laboratory 
surfaces were wiped clean. To minimize 
airborne contamination, samples were 
covered with aluminum foil whenever 
possible. The polypropylene (PP) sam-
pling pot and sheet were pre-conditioned 
by rubbing them with local sand that 
was then discarded to minimize shed-
ding from the tools themselves. Further-
more, procedural blanks were processed 
alongside the samples to monitor back-
ground contamination.
Statistical analysis

To compare mean microplastic 
abundance (both for the 1-5 
mm and < 1 mm fractions) 
among the three beach areas, a 
one-way analysis of variance 
(ANOVA) was performed. 
Prior to analysis, the Shap-
iro-Wilk test was used to as-
sess normality, and Levene’s 
test was used to assess homo-
geneity of variances. Because 
the ANOVA assumptions 
were not met across all data 
sets, the nonparametric Krus-
kal-Wallis test was also used. 
Due to the small sample size 
(n = 3 composite samples per 
beach), post-hoc tests were 

not performed. A significance level of 
α = 0.05 was established for all statisti-
cal tests. Analyses were performed us-
ing the statistical software R, version 
4.2.2 (R Core Team, 2022) and RStu-
dio, version 2023.06.1+524 (RStudio 
Team, 2023).

RESULTS

Microplastic abundance (1-5 mm)
Microplastic abundance in the 

composite sand samples from the 
three beaches is presented in Table 
2. The mean microplastic abundance 
was 0.58 ± 0.17 (0.40 - 0.72) items/
kg in Crucita, 1.09 ± 0.63 (0.62 - 1.81) 
items/kg in Las Gilces, and 0.89 ± 0.23 
(0.64 - 1.10) items/kg in La Boca. A 
one-way ANOVA revealed no sig-
nificant difference in microplastic 

Table 2. Microplastic abundance (1-5 mm) 
in composite sand samples from Crucita, Las 
Gilces, and La Boca beaches
Tabla 2. Abundancia de microplásticos (1-5 
mm) en muestras de arena compuesta de las 
playas Crucita, Las Gilces y La Boca

Beach Sample Dry sand 
mass (kg)

Number of 
microplastics 
(1-5 mm)

items/kg 
dry sand

Crucita C1 12.447 8 0.6427
Crucita C2 12.654 5 0.3951
Crucita C3 12.564 9 0.7163
La Gilces G1 8.253 7 0.8482
La Gilces G2 7.164 13 1.8146
La Gilces G3 9.666 6 0.6207
La Boca B1 9.072 10 1.1023
La Boca B2 8.762 8 0.9131
La Boca B3 7.758 5 0.6445
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abundance between the three beaches 
(F (2, 6) = 2.308, P = 0.179). Similar-
ly, a Kruskal-Wallis test showed no 
significant difference in microplastic 
abundance between the three beaches 
(H = 3.2667, df = 2, P = 0.1953).
Microplastic abundance (< 1 mm)

Microplastic abundance in the < 1 
mm size fraction in the composite sand 
samples from the three beaches is pre-
sented in Table 3. For the determination 
of microplastic abundance in this size 
fraction, a 50 g subsample of each com-
posite sample was analyzed. The mean 
microplastic abundance (< 1 mm) was 
653.33 ± 643.44 (200 - 1,400) items/kg in 
Crucita, 1286.67 ± 400.92 (1,020 - 1,740) 
items/kg in Las Gilces, and 1460 ± 418.69 
(1,000 - 1,820) items/kg in La Boca. A 
one-way ANOVA revealed no significant 

difference in microplastic abundance (< 
1 mm) between the three beaches (F (2, 
6) = 2.865, P = 0.133). Similarly, a Kru-
skal-Wallis test showed no significant 
difference in microplastic abundance (< 
1 mm) between the three beaches (H = 
5.5556, df = 2, P = 0.06218).

Table 3. Microplastic abundance (< 1 
mm) in composite sand samples from 
Crucita, Las Gilces, and La Boca beaches
Tabla 3. Abundancia de microplásticos 
(< 1 mm) en muestras de arena 
compuesta de las playas de Crucita, 
Las Gilces y La Boca

Beach Composite 
sample 

Microplastic 
abundance (< 1 mm) 

(items/kg)
Crucita C1 360
Crucita C2 1 400
Crucita C3 200
La Gilces G1 1 100
La Gilces G2 1 020
La Gilces G3 1 740
La Boca B1 1 820
La Boca B2 1 000
La Boca B3 1 560

Microplastic morphology
The microplastics identified in 

the samples were predominantly irre-
gular fragments, with smaller propor-
tions of films and fibers. Representative 
photographs of the most common mor-
phologies are shown in Figure 3.

Fig. 3. Representative morphologies 
of identified microplastics and quality 
control. Microplastics in the 1-5 mm 
range: (a) fragment, (b) fragments, (c) 
fiber, (d) films. Microplastics < 1 mm 
viewed under the microscope on a fil-
ter: (e) individual fiber, (f) clean filter 
used as a procedural blank. The scale 
in (a-d) is in centimeters
Fig. 3. Morfologías representativas 
de los microplásticos identificados y 
control de calidad. Microplásticos en 
el rango de 1-5 mm: (a) fragmento, 
(b) fragmentos, (c) fibra, (d) pelícu-
las. Microplásticos < 1 mm vistos al 
microscopio sobre un filtro: (e) fibra 
individual, (f) acumulación de fibras. 
La escala en (a-d) está en centímetros
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Polymer composition (FTIR Results)
The polymer composition of the 

1-5 mm microplastics, as determined 
by FTIR spectroscopy. A total of 11 
particles were analyzed, of which 3 
were from Crucita, 4 from Las Gilces, 
and 4 from La Boca. Overall, poly-
propylene (PP) was the predominant 
polymer identified, comprising 45.5% 
of the total particles analyzed. Polyeth-
ylene (PE) was also a common poly-
mer, accounting 
for a total of 27.3% 
of particles; this 
was composed of 
low-density poly-
ethylene (LDPE, 
9.1%) and other 
polyethylene types 
(18.2%). The re-
maining particles 
were identified as 
Polyurethane (PU, 
18.2%) and a sty-
rene, acrylonitrile, 
and methyl meth-
acrylate terpoly-
mer (S-AN-MMA, 
9.1%).

Las Gilces 
showed the least 
diverse polymer 
composition, with 
only PP and PE 
identified. Crucita 
presented PP, PE 
and PU. La Boca, 
in contrast, had 

the most diverse composition, includ-
ing PP, LDPE, PU, and S-AN-MMA. 
LDPE and S-AN-MMA were exclu-
sively found in La Boca samples. 
The representative FTIR spectra for 
particles identified as PP, LDPE, PU, 
and S-AN-MMA (Fig. 4, 5, 6, and 7), 
respectively, each with a detailed as-
signment of its characteristic bands.

Fig. 4. Representative FTIR spectrum of a microplastic par-
ticle identified as polypropylene (PP) from Las Gilces beach. 
The identification of polypropylene was confirmed by (a) 
the aliphatic C–H bond stretching vibrations (ν(C-H)) in the 
2,950 – 2,838 cm-1 region, (b and c) the methyl group bend-
ing vibrations (δ(CH3)) at 1,456 cm-1 and 1,377 cm-1, and (d, 
e, f) the set of characteristic bands in the fingerprint region, 
located at 1,167, ~998 - 973, and 841 cm-1

Fig. 4. Espectro FTIR representativo de una partícula de mi-
croplástico identificada como polipropileno (PP) de la playa 
Las Gilces. La identificación del polipropileno se confirmó 
por (a) las tensiones de los enlaces C-H alifáticos (ν(C–H)) 
en la región de 2 950 - 2838 cm-1, (b y c) las vibraciones de 
flexión del grupo metilo (δ(CH3)) en 1 456 cm-1 y 1 377 cm-1, 
y (d, e, f) el conjunto de bandas características en la región 
de huella dactilar, ubicadas en 1167, ~998 - 973 y 841 cm-1
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Fig. 5. Representative FTIR spectrum of a 
microplastic particle identified as low-density 
polyethylene (LDPE) from La Boca beach. The 
identification was confirmed by (a) the C-H 
stretching vibrations (ν(C–H)) at 2,916 and 2,849 
cm-1, (b) the CH2 bending vibration (δ(CH2)) at 1,472 
cm-1, and (c, d) the characteristic splitting of the CH2 
rocking vibration (ρ(CH2)), with peaks at ~730 cm-1 
(crystalline phase) and ~720 cm-1 (amorphous phase)

Fig. 5. Espectro FTIR re-
presentativo de una par-
tícula de microplástico 
identificada como polie-
tileno de baja densidad 
(LDPE) de la playa La 
Boca. La identificación 
se confirmó por (a) las 
tensiones v(C-H) en 2 
916 y 2 849 cm-1, (b) la 
flexión δ(CH2) en 1 472 
cm-1, y (c, d) el desdo-
blamiento característico 
de la vibración de osci-
lación (rocking) ρ(CH2), 
con picos en ~730 cm-1 
(fase cristalina) y ~720 
cm-1 (fase amorfa)

Fig. 6. Representative FTIR spectrum of a micro-
plastic particle identified as Polyurethane (PU) 
from Crucita beach. The identification of polyure-
thane was confirmed by the presence of (a) the N-H 
bond stretching vibration (ν(N-H)) in the 3,320-
3,350 cm-1 region, (b) the carbonyl group stretching 
(ν(C=O)) between 1,725 – 1,700 cm-1, (c) the Am-
ide II bending band (δ(N-H)) near 1,550 – 1,530 cm-

1, and (d) the characteristic ether linkage stretching 
(ν(C-O-C)) in the 1,100 – 1,060 cm-1 zone

Fig. 6. Espectro FTIR repre-
sentativo de una partícula 
de microplástico identifica-
da como Poliuretano (PU) 
de la playa Crucita. La iden-
tificación del poliuretano se 
confirmó por la presencia de 
(a) la vibración de tensión 
del enlace N-H (ν(N-H)) en 
la región de 3 320 - 3 350 
cm-1, (b) la tensión del gru-
po carbonilo (ν(C=O)) en-
tre 1 725 - 1 700 cm-1, (c) 
la banda de flexión Amida 
II (δ(N-H)) cerca de 1 550 
- 1 530 cm-1, y (d) la tensión 
característica del enlace éter 
(ν(C-O-C)) en la zona de 1 
100 - 1 060 cm-1
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Fig. 7. Representative FTIR spectrum of a mi-
croplastic particle identified as a styrene, acry-
lonitrile, and methyl methacrylate terpolymer 
(S/AN/MMA) from La Boca beach. The iden-
tification was confirmed by (a) the nitrile group 
stretching vibration (ν(C≡N)) at ≈ 2,240 cm-¹, 
(b) the ester carbonyl stretching (ν(C=O)) in 
the 1,730 – 1,715 cm-1 region, (c-d) the aromat-
ic ring stretching vibrations (ν(C=C)) at ~1,600 
and 1,493 cm-¹, (e) the C-O ester bond stretch-
ing in the 1,190 – 1,140 cm-1 zone, and (f-g) 
the characteristic aromatic C–H out-of-plane 
bending bands (γ(C–H)) at ~758 and ~700 cm-1

Fig. 7. Espectro FTIR repre-
sentativo de una partícula de 
microplástico identificada 
como un terpolímero de esti-
reno, acrilonitrilo y metacrilato 
de metilo (S/AN/MMA) de la 
playa La Boca. La identifica-
ción se confirmó por (a) la vi-
bración de tensión del grupo 
nitrilo (ν(C≡N)) en ≈ 2 240 cm-

¹, (b) la tensión del carbonilo 
del éster (ν(C=O)) en la región 
de 1 730 - 1 715 cm-1, (c-d) las 
vibraciones de tensión del ani-
llo aromático (ν(C=C)) en ~1 
600 y 1 493 cm-¹, (e) la tensión 
del enlace C-O del éster en la 
zona de 1 190 - 1 140 cm-1, y 
(f-g) las bandas de flexión C–H 
fuera del plano (γ(C-H)) carac-
terísticas del anillo aromático 
en ~758 y ~700 cm-1

DISCUSSION

This study investigated micro-
plastic contamination in three beach 
areas within Crucita parish, Ecuador: 
Crucita (the parish seat), Las Gilces, 
and La Boca. Microplastics were de-
tected in all composite sand samples, 
confirming the widespread presence 
of this type of pollution in this coast-
al environment. While mean micro-
plastic abundance varied between 
beaches in both the 1-5 mm and < 1 
mm size fractions, these differences 

were not statistically significant (1-
5mm: ANOVA, F (2,6) = 2.308, P = 
0.179; Kruskal-Wallis, H = 3.2667, 
df = 2, P = 0.1953. <1mm: ANOVA, 
F (2, 6) = 2.865, P = 0.133; Krus-
kal-Wallis, H = 5.5556, df = 2, P = 
0.06218). This lack of significant dif-
ference may be attributed to several 
factors, including the limited number 
of composite samples analyzed (n = 
3 per beach), which reduces statis-
tical power. The compositing ap-
proach, necessary to obtain sufficient 
sample mass for analysis, inherently 
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averages out small-scale spatial vari-
ations that might exist within each 
100-meter transect. Furthermore, the 
three beaches, while having distinct 
local uses and proximity to potential 
sources, are all located within the 
same parish and are likely subject to 
similar regional influences, such as 
ocean currents and prevailing winds, 
that could contribute to a more homo-
geneous distribution of microplas-
tics. Furthermore, it should be noted 
that this study provides a snapshot in 
time, as it is based on a single sam-
pling event in September 2024, and 
therefore does not capture any poten-
tial temporal variations in microplas-
tic abundance or composition.

The observed mean abundance 
for the 1-5 mm microplastics (ranging 
from 0.58 to 1.09 items/kg) is, in a glob-
al context, lower than levels reported 
in some other regions. For example, 
in the South Andaman Islands, India, 
Patchaiyappan et al. (2020) reported 
a higher average abundance of micro-
plastics in beach sediments (414.35 ± 
87.4 particles/kg). The levels we have 
found in our research for the <1 mm 
fraction (ranging from 653.33 to 1460 
items/kg) are considerably higher than 
those reported by Patchaiyappan et al. 
(2020) in their study, which highlights 
the importance of analyzing this small-
er size fraction because it is very easy 
for particles of this size to be ingested 
by marine organisms. Furthermore, it 
is worth noting that one must be careful 

when directly comparing abundance 
data between different studies, consid-
ering the differences in methodologies, 
particularly in the size fractions ana-
lyzed and the units in which the results 
are reported, as is the case in the study 
by Martinelli Filho & Monteiro (2019) 
in South America, where abundance 
was presented in units of volume. Re-
garding the composition of the micro-
plastics found in the 1-5 mm fraction, 
it was determined that polypropylene 
(PP) was the predominant polymer. 
These results agree with those obtained 
in other studies on microplastic pollu-
tion (Eo et al. 2018; Ríos-Mendoza et 
al. 2021; Al Nabhani et al. 2022). The 
predominance of PP is due to it being 
a polymer used in the manufacturing 
of many common products, such as for 
example packaging, containers, and in 
materials used for fishing. The pres-
ence or polyethylene (PE) is also relat-
ed to its common use in packaging and 
single-use plastics, which is why this 
was an expected finding. In samples 
from the Crucita and La Boca beaches, 
polyurethane (PU) was found, which 
is a polymer that also has many appli-
cations in everyday products such as 
foams, coatings, and personal protec-
tive equipment like face masks (Jimoh 
et al. 2023), the use of which increased 
considerably during the COVID-19 
pandemic. On the other hand, finding 
an S-AN-MMA in the sample from 
La Boca beach is not very common 
and this justifies further investigation. 
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Although the pathways for how this 
terpolymer reaches the environment 
have not been widely documented, it 
can be inferred that its routes are the 
same as those already well-established 
for widespread microplastic pollution, 
with the main pathway into the marine 
environment being in the form of sec-
ondary microplastics produced by the 
fragmentation of larger plastic items, 
which end up becoming marine debris 
(Babaniyi et al. 2024; Sinha, 2024). 
This degradation is, in addition, accel-
erated by environmental factors such 
as photooxidation and mechanical ac-
tion (Auta et al. 2017; Frapiccini et al. 
2019). Once generated, these micro-
plastic particles are transported to the 
ocean through various pathways, such 
as for example urban runoff, and ef-
fluents from wastewater and industrial 
treatment plants (Manojkumar et al. 
2023; Kushwaha et al. 2024).

The fact that La Boca beach is 
located just south of the mouth of the 
Portoviejo River means that this river 
very likely acts as a transport medium 
for urban, industrial, and agricultural 
waste, with the presence of plastics, 
from the city of Portoviejo and other 
urban centers surrounding the riverbed 
to the coast. This is consistent with 
research in Peru, where higher micro-
plastic concentrations were observed 
near river estuaries (Luque-Fernández 
et al. 2023). The presence of S-AN-
MMA exclusively in La Boca samples 
further supports the hypothesis of a 

riverine or localized point-source ori-
gin for this less common polymer.

Among the limitations of this 
study, the following can be mentioned: 
first, the small number of composite 
samples (n = 3 per beach) limits the 
statistical power to detect differenc-
es between beaches. Furthermore, 
the flotation method used, based on 
a concentrated NaCl solution, is not 
effective for high-density polymers 
such as PET and PVC; consequently, 
the reported microplastic abundance is 
likely an underestimation of the total 
plastic load. On the other hand, the ab-
sence of a chemical digestion step for 
organic matter means that some natu-
ral particles could have been misiden-
tified as microplastics (false positives), 
potentially leading to an overestima-
tion, particularly for smaller particles. 
The visual identification method may 
also have overlooked transparent or 
colorless particles, especially microfi-
bers. Finally, the analysis focused on a 
limited number of particles by FTIR.

Future research in Crucita par-
ish should prioritize: (1) increasing 
the sample size and spatial resolution 
of sampling to better characterize 
microplastic distribution; (2) investi-
gating temporal variations in micro-
plastic abundance and composition; 
(3) identifying specific sources of mi-
croplastics, particularly for less com-
mon polymers like the S-AN-MMA 
terpolymer, potentially through the 
analysis of riverine and wastewater 
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inputs; and (4) evaluating the potential 
ecological consequences of microplas-
tic consumption by local marine fauna.

CONCLUSION

This study confirmed the wide-
spread presence of microplastics in 
sand samples from three beaches (Cru-
cita, Las Gilces, and La Boca), within 
Crucita parish, Ecuador, an area reli-
ant on tourism and artisanal fishing. 
Microplastics were present across all 
locations and in both size fractions ex-
amined (1-5 mm and < 1 mm). While 
mean abundance varied, no statistically 
significant differences among beaches 
were found, a result likely attributable 
to the small number of samples.

Polymer analysis of the 1-5 mm 
fraction revealed a predominance of 
polypropylene, followed by polyeth-
ylene and polyurethane. Notably, a 
styrene-acrylonitrile-methyl methac-
rylate terpolymer was also identified. 
The exclusive presence of this terpoly-
mer in La Boca, situated immediately 
south of the Portoviejo River mouth, 
strongly suggests the river is a prob-
able transport pathway for this less 
common polymer. These results, while 
constrained by the study’s limitations, 
provide a valuable baseline for future 
research and emphasize the need for 
targeted waste management interven-
tions to protect the coastal ecosystems 
of Crucita parish.
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