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Abstract

Microplastic pollution has become a global concern due to its widespread impacts on or-
ganisms and ecosystems. While there have been a few studies quantifying microplastics in
inland areas of Puerto Rico, none, to our knowledge, have studied nearshore coastal surface
waters. This study, therefore, presents the first assessment of microplastic concentrations
and descriptions in the surface waters of La Parguera Natural Reserve, southwestern Puerto
Rico. Using 333-micron plankton net trawls, we found low mean ± standard deviation
microplastic concentrations of 0.02 ± 0.07 microplastic particles m−3 (95% confidence
interval = 0.01 to 0.04 microplastic particles m−3). The most prevalent polymers were high-
density polyethylene (48%) and polyethylene (32%), followed by polypropylene (11%) and
polystyrene (7%). The most common colors were white (50%), blue (34%), black (8%), red
(5%), and colorless (3%). Subsequently, the common structures found were fragments (78%),
filaments (12%), films (8%), and fibers (2%). No clear coastal gradient or seasonal patterns
were detected (p < 0.05), and mean concentrations were similar to previously surveyed
oceanic waters from the Caribbean, suggesting coastal sources of marine microplastics were
minimal compared to oceanic sources. This study provides a foundational understanding
of microplastics in the coastal waters of La Parguera Natural Reserve and provides critical
baseline data for detecting potential future changes in microplastic concentrations.

Keywords: microplastics; plastic pollution; FTIR; La Parguera Natural Reserve; coastal
pollution

1. Introduction
Plastic has transformed modern society since the mid-1900s due to its versatility,

durability, and low cost [1], making it an essential material across countless industries,
including packaging, medicine, construction, and consumer goods [2]. However, despite
the benefits and durability of plastics, the mismanagement of plastic waste and the lack of
plastic biodegradation have led to the proliferation of microplastics in the atmosphere [3],
farmland [4], rivers [5], beaches [6], the surface ocean [7], and the deep ocean [8]. Microplas-
tics are plastics with a diameter of less than five millimeters [9], which consist of primary
microplastics, such as microbeads and synthetic fibers used in personal care products and
clothes manufacturing [10], and secondary microplastics that originate from the breakdown
of macroplastics (greater than 100 mm) into smaller pieces due to biological, chemical, and
physical degradation [9].
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There is increasing concern about the impact of marine microplastics on wildlife [1,10].
Microplastics threaten marine animals because of the accessibility of these tiny particles
to primary producers, which can be transferred into the food web [11]. The ingestion of
microplastics has been observed for plankton [12], corals [11], seagrass [13], mangroves [14],
sea urchins [15], fish [16], sea turtles, mammals, and humans [17]. The physical impact
of microplastics can block the digestive tract, leading to reduced food intake, starvation,
reduced energy and mobility, the formation of fat deposits, altered enzyme secretion, diffi-
culty breathing, and delays in the reproductive process [11]. In addition, the chemical effects
of microplastic ingestion can produce heartbeat alteration, pericardial edema, neurotoxicity,
alteration in hormones, damage to the central nervous system, cancer, and death [18]. In
addition to their direct impacts, microplastics can be associated with the adsorption of
secondary chemicals such as PCBs, Phthalates, and BPA [19,20], the accumulation of heavy
metals, and the generation of unique microbiomes [21], including potentially pathogenic
bacteria [22,23].

Since microplastics are encountered in all environments, they pose ecological and
health risks to humans [24] and terrestrial and marine organisms [1]. Therefore, studying
their spatial and temporal distribution in the environment is crucial to better understand
the corresponding spatial and temporal distribution of potential impacts. However, much
of this knowledge is lacking in the Caribbean Region, with just a few examples from
coastal beaches. For example, ref. [25] reported an average of 261 microplastic particles
per kilogram on beaches of the Lesser Antilles, ref. [26] reported up to an average of 17
microplastic particles per kilogram of dry sand for heavily visited beaches in northern
Puerto Rico, and ref. [27] reported the type but not the density of plastics and polymers at
La Guancha in southern Puerto Rico. While there are no published studies on the spatial
distribution of microplastics in the coastal waters of Puerto Rico, concentrations of up
to 9269 microplastic particles km−2 were observed for surface waters of the estuaries of
San Juan, Puerto Rico [28], and up to 148.64 ± 138.87 microplastic particles per kg were
observed for four tidal flats on La Parguera Natural Reserve in Southwest Puerto Rico [29].
Further offshore, ref. [30] reported a mean concentration of 1414 microplastic particles per
square meter from plankton net trawls conducted over a 22 year period from 1986 to 2008
in the surrounding North Atlantic and Caribbean surface waters.

This study aims to fill the gap in quantifying coastal marine microplastics in Puerto
Rico by assessing the spatial and temporal distribution of marine microplastics across the
surface waters of La Parguera Natural Reserve, located on the southwest of the island,
providing an important site for understanding the microplastics contamination patterns in
the southwest of Puerto Rico. We hypothesized that a higher concentration of microplastics
would be found near the coast and that a decreasing gradient would be observed farther
from the coast, as reported in [31]. In addition to quantifying the concentration of marine
microplastics, we also described their shapes, colors, and compositions. The knowledge
gained will help us understand the distribution, sources, and impacts of microplastics in
Puerto Rico’s coastal waters.

2. Materials and Methods
2.1. Study Area

This research was conducted at the La Parguera Natural Reserve in southwestern
Puerto Rico (Figure 1). This reserve is known for approximately 20 km2 of abundant
mangroves, seagrasses, and coral reefs, including one of Puerto Rico’s bioluminescent bays,
making it attractive for tourism. La Parguera receives less precipitation annually than other
regions of Puerto Rico [32], with no direct water inputs from rivers. In La Parguera, five
groups of four sites, representing 30 m, 520 m, 1.4 km, 2.5 km, and 4 km from the coast,
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were selected for microplastic sampling to visualize the distribution of microplastics in
surface waters across the La Parguera Natural Reserve (Figure 1).

Figure 1. (A) Image showing in red square the location of Puerto Rico in the Caribbean. (B) The red
square shows the Location of La Parguera Natural Reserve in Puerto Rico. (C) Shows the sampling
locations as white dots within La Parguera Natural Reserve.

2.2. Sampling

The sampling methods of this research were guided by the National Oceanic and
Atmospheric Administration (NOAA) Marine Debris Program microplastics manual [33].
Sampling was conducted approximately monthly throughout 2023. Sampling days were
selected based on forecasted wind speeds below 10 knots and wave heights below 0.3 m to
prevent surface water microplastics from entering the mixed layer and escaping capture
during the sampling effort [27,34]. To evaluate a possible coastal gradient, five predefined
distances from the coastline to the open ocean were established (40 m, 520 m, 1400 m,
2400 m, and 4200 m). For each distance, four independent sites were selected as replicates,
each representing a comparable distance from the coastline. At each site, a small plankton
net of 333 microns and 30 × 120 cm was deployed from the side of the boat for five minutes
at 1–2 knots (0.5–1.02 m/s). The net was positioned to skim the surface water by being fully
submerged and filtering the first 30 cm of water from the surface. Each sampling effort
consisted of 20 total trawls (5 distances x 4 replicates) across 8 sampling events for a total of
160 surface trawls. Tows were excluded and repeated if the net became visibly clogged by
pelagic sargassum or if the net frame came out of the water to avoid sampling biases.

The net mesh size (333 microns) was chosen to maintain consistency with the scientific
community and enable direct comparison with regional studies. It is important to note that
the mesh size introduces an inherent size-filtered bias. Particles smaller than 333 microns are
not efficiently retained, leading to underrepresentation. The area and distance traveled with
the plankton net were recorded with a General Oceanics, Fl, USA Mechanical Flowmeter
model 2030 series and a backup Garmin, Ks, USA eTrex 10 GPS track, resulting in an
average of 14.7–29.4 m3 of surface water filtered per plankton tow, which varied with boat
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speed and current. All formulas were retrieved from the Flowmeter operational manual
(Equations (1) and (2)).

Distance in meters =
Distance in Counts × Rotor Constants

999,999
(1)

Volume in Cubic meters =
3.14 × (Net Diameter)2 × Rotor Constants

4
(2)

The resulting microplastic abundance was normalized to the surface water volume
filtered for each sample, and all results were presented as microplastic particles per cubic
meter. In each station, the plankton net was cleaned with distilled water multiple times
to prevent contamination at other sampling sites. All the material in the cod end of the
net was transferred to a 16 oz glass mason jar using a squirt bottle filled with distilled
water to clean and evenly distribute it. All squirt bottles were previously inspected before
each sampling effort and washed with filtered water. Each glass mason jar collected was
transported to the Bio-Optical Oceanography Laboratory on Magueyes Island for filtering
and particle identification.

2.3. Sample Filtration

Each glass mason jar collected at each sampling site was poured through stacked
stainless-steel sieves with 5, 1, and 0.3 mm diameter openings (10 × 4.5 cm, Adamas-beta).
Sieves were washed with filtered water after collection and visually inspected using a
digital microscope (Andostar Microscope, Shenzhen, China) at 40X magnification to ensure
the recovery of every particle and prevent cross-contamination with other samples.

Potential contamination was evaluated by filling a cleaned mason jar with distilled
water and leaving it open in the laboratory as a procedural blank. Eight blank mason
jars were processed for each filtration effort during the 2023 campaign. After filtering
the field samples, each blank was processed and inspected using the same protocol. No
microplastic particles were detected in the laboratory blanks (0 microplastics per mason jar,
n = 8). Therefore, no blank corrections were applied.

Each marine debris particle was manually transferred with pre-cleaned and inspected
metal tweezers to a glass for subsequent analysis of sample color, size, and composition.
To prevent contamination, all clothing used during the sampling effort and in the lab was
cotton. The lab equipment used was made of metal or glass. Furthermore, all equipment
was washed with filtered water and covered with aluminum foil after cleaning. Before
using each instrument, they were inspected using the digital microscope. The squirt bottles
used were 100 mL LDPE bottles. No clear LDPE microplastics were detected in any of the
samples, suggesting they did not originate from the squirt bottles used for rinsing.

2.4. Samples Color and Size Identification

A digital microscope (Andostar Microscope) was used to separate, photograph, and
visually inspect the debris collected in the samples. ImageJ software (version 2.14.0)
was used to digitally measure and record the color of each debris item. Representative
microplastic shapes used for the classification of microplastics in this study and their
descriptions are reported in Table 1.
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Table 1. Microplastics’ shape descriptions and examples from this study.

Microplastics Shapes Descriptions Image

Fragment
Irregular shaped particles
with appearance of being

broken down.

Film Flat, flexible particle with
smooth edges.

 

Filament Long fibrous material with a
length longer than its width.

 

2.5. FTIR Analysis

A PerkinElmer Spectrum Two FT-IR Spectrometer was used to identify the microplastic
polymer at each site. To sample each debris, all samples were placed on the instrument’s
diamond crystal, and 10 scans were averaged over the wavenumber range of 500 to
4000 cm−1, with a 4 cm−1 spectral resolution. Before analyzing any new debris, the
instrument was cleaned with methanol, and the background was measured with the same
settings against air. The pressure arm’s tightness, which holds each sample to the diamond
crystal for measurement, was set to 70 to ensure consistent contact between the sample and
the crystal.

Raw spectra were automatically baseline- and atmospheric-compensated within the
instrument software. The PerkinElmer polymer library was used to determine the polymer
type of each debris sample. A minimum library match score of 70% was established as the
acceptance threshold of polymer assignment. In addition, each spectrum was inspected in
accordance with the visual spectrum identification guidelines developed by [35]. Spectra
that matched less than 60% and were difficult to identify with visual inspection were
classified as unidentified and excluded from the analysis.

2.6. Data Visualization

The data visualizations were conducted using the R (version 4.4.0) package ggplot2
(version 3.5.1).

2.7. Statistical Analysis

To evaluate the spatial and temporal gradients in microplastic abundance, we fitted a
generalized linear mixed-effects model (GLMM) with a negative binomial distribution. This
model was used because our results consisted of count data that were highly right-skewed
and overdispersed. Microplastic abundance was modeled as a function of seasons (Dry vs.
Wet) and standardized distances from the coast (40 m, 520 m, 1400 m, 2400 m, and 4200 m).
This model was fitted by using the glmmTMB (version 1.1.14) package in R (version 4.4.0)
using a log link function.
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3. Results
3.1. Microplastics Spatial Distribution

The mean microplastic concentration in this study at La Parguera Reserve was
0.02 ± 0.07 microplastics m−3 (95% confidence interval = 0.01 to 0.04 microplastics m−3).
There were no significant differences between distance from the coast (p = 0.24) or sampling
event (p = 0.57), suggesting there were no detectable inshore–offshore or temporal gradients
in surface microplastics during the study period (Figure 2). Additionally, all laboratory
blanks had zero microplastics in Mason jars.

Figure 2. Point map of microplastic densities for each sampling date. Each sample site is colored by
its respective microplastic concentration to visualize spatial patterns in marine microplastic (MP)
density (m−3).

3.2. Microplastics Descriptions

The majority of the microplastics found in La Parguera Reserve were fragments (78%),
followed by filaments (12%), films (8%), and fibers (2%) (Figure 3). The most common
color for the microplastics was white (50%), followed by blue (34%), black (8%), red (5%),
and colorless (3%) (Figure 3). High-density polyethylene was the most common (48%),
followed by polyethylene (32%), polypropylene (11%), polystyrene (7%), and low-density
(2%) (Figure 3).
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Figure 3. Pie charts represent the classification of microplastics observed across all sampling events
and stations from this study. (A) shows the percentages of each shape, (B) shows the percentages of
each color, and (C) shows the percentages of each polymer.

4. Discussion
To the authors’ knowledge, this is the first study to report the spatial distribution and

descriptions of microplastics in coastal surface waters of Puerto Rico. The mean concen-
tration of microplastics found in LPNR was low, with a mean of 0.02 ± 0.07 microplastic
particles m−3 (95% confidence interval = 0.01 to 0.04 microplastic particles m−3) and no
detectable spatial or temporal pattern across the sampling stations according to the result
of the GLMM. These results were similar to the 0.01 items m−3 reported for sampling sites
with minimal human populations and lacking river inputs in coastal Colombian water [36].
These are also comparable microplastic concentrations, ranging from 0 to 2000 items km−2

in open-ocean waters south of Puerto Rico [30], although the lack of volume-normalized
concentrations, colors, and sizes by [30] prevents a more direct comparison. In addition,
microplastics in the estuaries of the more populous city of San Juan, Puerto Rico, averaged
9269 particles km−2 [28]. If we spatially normalize our microplastic data to the area with the
diameter of the plankton net and the distance traveled, our mean concentrations would be
0.0057 ± 0.0159 microplastic particles m−2 (mean ± SD). This is comparable to the offshore
concentrations near Southwest Puerto Rico reported by [30] but is much lower than the
values reported for San Juan Estuaries by [28].

We had hypothesized that microplastic concentrations would be higher inshore, con-
sistent with coastal sources of microplastics as observed in the Gulf of Cadiz in Spain [31].
However, we found no detectable coastal gradient in marine microplastics (p = 0.24), with
concentrations reflecting those sampled from offshore waters by [30], suggesting that most
of the microplastics encountered in this study were potentially advected from offshore
waters and were not due to coastal inputs. While we did not explicitly model seawater
hydrodynamics during the study period, the prevailing currents flowing from the east and
trade winds blowing from the southeast would likely transport any microplastics from
those directions [37]. However, we cannot rule out the influence of the adjacent Rio Loco
River, which flows westward into La Parguera [38], or occasional pulses of more distant
riverine waters from the Amazon and Orinoco Rivers [39]. We also hypothesized that
marine microplastic densities would be higher during rainy seasons or precipitation events
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and lower during dry seasons, following [40]. However, we observed no detectable tempo-
ral patterns in microplastic densities throughout the sampling year (p = 0.57), and mean
concentrations were comparable to offshore concentrations reported by [30]. These findings
reinforce the idea that marine microplastics in La Parguera Natural Reserve may have po-
tentially originated from offshore sources, with comparatively few from nearshore sources.

Most of the microplastics found in La Parguera were white-colored fragments
(Figure 3). These findings agree with previous observations that fragments were most
commonly marine microplastics [31,36]. However, while pellets were observed in the sands
at nearby La Guancha beaches [27], we did not observe any pellets in our samples. Plastic
breaking down into smaller pieces was therefore the principal source of microplastics
along Puerto Rico’s coastlines [9]. While we observed 12% filaments (Figure 3), no prior
study reported filaments, including for the tidal flats of La Parguera [29]. However, some
studies report filaments as fibers, so if that is the case [28], then La Parguera tidal flats
and coastal surface waters would have similar microplastic structures. White, blue, black,
red, and colorless microplastics were the primary colors observed in this study (Figure 3)
and have also been commonly observed elsewhere [36,41], including the tidal flats of La
Parguera [29]. Most importantly, the observed colors of microplastics in this study are
similar to those found in the guts of different fish species [42], indicating a greater threat to
small marine organisms that could ingest them [42].

High-density polyethylene, polyethylene, and polypropylene were the most observed
microplastics in this study (Figure 3). This is consistent with prior marine microplastic
studies, including those from the tidal flats of La Parguera, which document polyethy-
lene and polypropylene as the most common [27,29]. This is an expected result because
polyethylene is widely used and among the most produced polymers [43]. However, while
previous studies documented higher-density polymers such as PVC and PET [27–29,36], we
did not observe them in our samples (Figure 3). The absence of these higher-density PVC
and PET plastics may be due to the use of the plankton net, which only captures surface
microplastics that are less dense than seawater (PE, PS, and PP), leaving out polymers such
as polyamide (PA), polyurethane (PU), polyethylene terephthalate (PET), and PVC that are
denser than seawater and thus would sink to the benthos. We may also have been unable to
detect biofouled particles [44], particles smaller than our smallest mesh size [8], or particles
mixed deeper in the water column due to wind, resulting in a potential underestimate of
actual concentrations [34,45]. However, these are common limitations of marine debris
studies, and by following established methods [33], our study allows direct comparison
with other marine microplastics studies that use the same methodology.

5. Conclusions
This study, to our knowledge, provides the first assessment of the spatial distribu-

tion and microplastic descriptions in the surface waters of La Parguera Natural Reserve,
Puerto Rico. Our analysis indicates that the microplastic content of surface water is lower
than in beaches, tidal flats, and estuaries near industrialized or river-influenced areas in
Puerto Rico. However, the similarity in polymer type, color, and structure between nearby
studies indicates similar secondary plastic inputs. The lack of detectable coastal gradient
and seasonal patterns suggest minimal direct coastal sources of microplastics from the
town of La Parguera and that the majority of marine microplastics may have originated
from offshore. This study establishes critical baseline data for detecting potential future
changes in marine microplastics in La Parguera area and other coastal Puerto Rican sites.
Given the widespread prevalence of microplastics, it is essential to mitigate plastic pollu-
tion, protect marine ecosystems, and implement stricter rules on plastic production and
waste management.
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