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The oceans contain trillions of plastic particles, mostly microplastics (i.e.,
particles < 5 mm diameter; 92.4% of plastic particles), which have been
detected in organisms at all levels of the marine food web. The ubiquity of
marine plastic debris has created a monumental environmental pollution
problem with extensive public health consequences, as more than 40% of
the world’s population lives near the coast and shares coastal resources. For
decades, common bottlenose dolphins (Tursiops truncatus) have been used as
sentinels of marine pollution risks for coastal communities that rely on seafood.
Recently, prevalent phthalate exposure was documented in bottlenose
dolphins residing in Sarasota Bay, FL, at concentrations exceeding those of
human reference populations. While the source of their exposure is uncertain,
the types of compounds detected suggest a plastic origin. The objective of this
study was to screen for plastic ingestion among free-ranging dolphins in
Sarasota Bay using gastric samples collected during catch-and-release health
assessments. Gastric samples were collected from seven live bottlenose
dolphins in 2019, and suspected microplastic particles were detected in all
samples. The number of particles per sample ranged from <10 to >100, and the
most common types were transparent films and white foams. Similar to other
marine mammal studies, fibers were also present. Given that dolphins are likely
exposed to microplastics via contaminated prey, findings from this and
additional studies will help to evaluate the potential of contaminated seafood
as an additional source of microplastic exposure for humans, as well as help to
inform intervention and risk communication needs regarding seafood safety.
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Introduction

Plastics are of increasing concern to environmental health
because of their ubiquitous presence in the global oceans
(Eriksen et al., 2014), combined with the fact that plastic waste
is slow to degrade and therefore persists in the environment
(Andrady, 2011). Geyer et al. (2017) estimated a global plastic
production of 380 million tons annually, of which approximately
60% ends up in landfills or the natural environment. Marine
plastic debris is now recognized as a pollutant of international
concern due to impacts on wildlife and seafood safety,
stimulating the initiation of a formal plan at the 2015 G7
Summit targeting improvements in the management and
reduction of marine litter G-7 Leaders' Declaration (2015).

Factors impacting the degree of marine microplastic
pollution include land use (i.e., commercial, industrial,
transport), proximity to urban centers, current and water flow,
polymer composition, particle characteristics (e.g., density, size;
Su et al,, 2020), and wastewater treatment practices (Freeman
et al., 2020). Coastal microplastic ‘hotspots’ are suspected to
occur in urbanized areas near industrial and commercial
activities, especially those located downstream of large rivers

TABLE 1 Recent studies documenting microplastic ingestion in cetaceans.

10.3389/fmars.2022.947124

and waterways (Su et al., 2020). Marine plastic debris is
categorized by size (Andrady, 2011). Macro- and mesoplastics
(= 5mm diameter) often enter the marine environment directly
as waste, while marine microplastics (<5mm diameter) may
come from wastewater treatment facilities or fragmentation of
larger plastic items (Cole et al,, 2011; Geyer et al., 2017). Eriksen
et al. (2014) estimated that the oceans contain more than 5.25
trillion plastic particles, of which 92.4% are microplastics.
Previous studies have demonstrated microplastic ingestion
by filter-feeding and lower-trophic level organisms (Autian,
1973; Farrell and Nelson, 2013; Fossi et al., 2014) as well as
translocation of microspheres (1 to 5 um) into muscle tissue
(Zeytin et al., 2020), suggesting the potential for trophic transfer
to apex predators. In fact, microplastics have been detected in
the stomachs, intestines, and feces of many marine mammal
species (Zantis et al., 2021; Table 1), but the health consequences
of microplastic exposure are still uncertain. In vitro and in vivo
laboratory studies have linked microplastic exposure with
gastrointestinal inflammation, altered gut microbiota,
metabolic changes, antibiotic resistance, and oxidative stress,
among other impacts from particles ranging from nano to 250
um (Lu et al.,, 2018; Jin et al., 2019; Gonzalez-Acedo et al., 2021).

Species Disposition Sample(s) Microplastic Studies
Types

Humpback Whale (Megaptera stranded stomach, intestine sheets, fibers, Besseling et al., 2015

novaeangliae) fragments

Killer Whale (Orcinus orca) stranded & digestive tract no specific details ~ Lusher et al,, 2018
bycatch provided

Cuvier’s Beaked Whale (Ziphius cavirostris) stranded & digestive tract no specific details ~ Lusher et al,, 2018
bycatch provided

True’s Beaked Whale (Mesoplodon mirus) stranded & digestive tract fibers, fragments, Lusher et al., 2015; Lusher et al., 2018
bycatch films

Common Dolphin (Delphinus delphis) stranded & stomach, full digestive tract fibers, fragments, Hernandez-Gonzalez et al., 2018; Lusher et al.,
bycatch beads 2018; Nelms et al., 2019

Harbor Porpoise (Phocoena phocoena) stranded & full digestive tract, intestine fibers, fragments Lusher et al.,, 2018; Van Franeker et al., 2018;
bycatch Nelms et al,, 2019; Philipp et al., 2021

Risso’s Dolphin (Grampus griseus) stranded full digestive tract fibers, fragments Nelms et al., 2019

Pygmy Sperm Whale (Kogia breviceps) stranded full digestive tract fibers, fragments Nelms et al., 2019

White-Beaked Dolphin (Lagenorhynchus stranded full digestive tract fibers, fragments Nelms et al., 2019

albirostris)

Atlantic White-Sided Dolphin stranded full digestive tract fibers, fragments Nelms et al., 2019

(Lagenorhynchus acutus)

Striped Dolphin (Stenella coeruleoalba) stranded full digestive tract fibers, fragments Lusher et al., 2018; Nelms et al., 2019

Bottlenose Dolphin (Tursiops truncatus) stranded & full digestive tract, stomach and fibers, fragments, Lusher et al., 2018; Nelms et al., 2019; Battaglia
bycatch intestinal subsections films, foams et al., 2020

Beluga Whale (Delphinapterus leucas) subsistence stomach, intestine, feces fibers, fragments Moore et al., 2020
harvest

East Asian Finless Porpoise (Neophocaena  bycatch intestine fibers, sheets, Xiong et al,, 2018

asiaeorientalis sunameri) fragments, foam

Indo-Pacific Humpbacked Dolphin (Sousa  stranded intestinal subsections fibers, fragments, Zhu et al., 2019

chinensis)
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Recent evidence from Leslie et al. (2022) suggest that many
organ systems can be exposed as plastic polymers can enter and
be transported by the bloodstream. The toxic threat of
microplastics may be two-fold due to both the plastic particle
itself and endocrine disrupting chemical additives (e.g.,
phthalate acid esters, “phthalates”; Rochman et al., 2019). In
fact, plasticizers compose up to 70% of some plastics, and it is
anticipated that the demand and market for these additives will
continue to grow (Benjamin et al.,, 2017).

Sarasota Bay, located on the central west coast of Florida, is
a semi-closed estuarine system with minimal tidal exchange
(SBEP, 2014). As an urban watershed, this region houses
multiple residential, industrial, and commercial centers (USF,
2020). Bottlenose dolphins in this area have been the focus of
numerous studies since 1970, including recent investigations of
phthalate exposure (Hart et al., 2018; Hart et al., 2020; Dziobak
et al., 2021). These studies found prevalent exposure among
live dolphins sampled during 2010-2019 (75%; n=51; Hart
et al., 2020; Dziobak et al,, 2021) and heightened exposure to
a metabolite that suggests a plastic origin (mono-(2-ethylhexyl)
phthalate, MEHP; Hart et al., 2020). We suspect incidental
ingestion of microplastics could be a source of phthalate
exposure for bottlenose dolphins, evidenced by studies of
phthalate exposure in laboratory mice that were fed plastic
particles laced with chemical additives (Deng et al.,, 2020).
Additionally, previous studies have demonstrated that plastic
particles in general are highly resistant to digestive juices
(Stock et al.,, 2020), suggesting the potential for
chronic exposure.

Prior studies investigating microplastic exposure and
ingestion among cetaceans (i.e., dolphins, porpoises, whales)
have relied primarily upon investigations of gastrointestinal
tracts from dead stranded, or bycaught animals (Lusher et al.,
2015; Lusher et al., 2018; Nelms et al., 2019; Zantis et al., 2021;
Table 1), as well as computer simulation models that predicted
geospatial overlap of microplastic contaminated waters and
large-whale foraging areas (Fossi et al., 2017). Additionally,
most of the studies on marine mammal exposure to
microplastics have focused on pinniped species and regions in
Europe (Hudak and Sette, 2019; Zantis et al.,, 2021). To our
knowledge, this the first study to screen for ingested
microplastics in free-ranging bottlenose dolphins, and one of
the few studies characterizing marine mammal microplastic
exposure in the southeastern United States. Using gastric
samples collected from long-term resident bottlenose dolphins
inhabiting an urban estuary (i.e., Sarasota Bay, Florida), the
objective of this descriptive study was to screen for evidence of
microplastic ingestion and evaluate the characteristics of
ingested microplastics (e.g., shape, color, quantity, size).
Findings from this study will provide a foundation for a future
systematic assessment of ingested microplastics in Sarasota Bay
dolphins and contribute to a larger effort to understand potential
sources of phthalate exposure among Sarasota Bay dolphins.
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Methods
Study population and sample collection

Bottlenose dolphins have been the focus of extensive study in
Sarasota Bay, FL since 1970 to understand the behavior,
movement patterns, and health of the approximately 170
individuals that inhabit the region year-round, over decades
and across generations. Using well-established catch-and-release
techniques developed and refined over more than 50 years,
dolphins were encircled by a net and temporarily restrained to
collect biological samples indicative of an individual’s health
(Wells et al., 2004). Gastric samples were collected by passing a
small tube (9-15mm diameter) through the esophagus into the
stomach (Twiner et al,, 2011), and gastric fluid was stored in
amber glass jars and frozen at -20°C until analysis.
Approximately 20mL of gastric fluid was collected from each
dolphin. Environmental blanks were collected by passing
deionized water through the stomach tubes prior to the
collection of dolphin samples. One environmental blank was
collected per sampled dolphin to control for potential field
contamination. All samples for this study came from
bottlenose dolphin health assessments that were conducted
during June 3 -June 14, 2019. Samples for this study were
collected under Scientific Research Permit No. 20455 from the
National Oceanic and Atmospheric Administration’s (NOAA)
National Marine Fisheries Service (NMFS). All catch-and-
release and sampling methodologies for the health assessments
were reviewed and approved by Mote Marine Laboratory’s
Institutional Animal Care and Use Committee (IACUC).

Sample analysis

For the processing of microplastics, bottlenose dolphin
gastric samples were emptied into a 250 mL glass beaker.
Organic (non-plastic) material in the samples was digested by
adding 150 mL of KOH (10% solution) and incubated at 60°C
for 24 hours (Valton et al., 2014). Following digestion, samples
were vacuum filtered onto GF/A 1.6 um glass fiber filters in a
fume hood. Samples were left to dry in covered glass petri dishes.
Particles of at least 35 pm in size were characterized visually
using a dissection microscope (Leica EZ4, magnification 8-35x)
according to physical attributes including shape (e.g., fiber, film,
fragment, foam), surface texture, and color (e.g., transparent,
blue, black; Shim et al., 2017). Various parameters were
examined to indicate potential plastic material. Suspected
plastic fibers were indicated by a smooth, uniform surface with
a length that exceeded the width (Lusher et al., 2020). Suspected
plastic fragments were indicated by smooth or angular edges that
appeared to be broken from a larger piece of debris (Lusher et al.,
2020). Fragments were further categorized as films if they were
flexible and able to be folded, or foams if they were distorted
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when physically handled, but eventually returned to their
original shape (Lusher et al., 2020). Particles (at least 100 pum
in size) were tested with a hot needle (250°C) and suspected to be
of plastic origin if the needle melted or left a mark on the particle
surface (De Witte et al., 2014; Devriese et al., 2015). A subsample
of suspected plastic particles ranging between 500 pm and 5mm
in diameter was further examined by Fourier Transform
Infrared (FTIR) spectroscopy to determine composition.
Particles were analyzed using a Nicolet iS20 FTIR (Thermo
Scientific) with diamond attenuated total reflectance (ATR).
Recorded spectra were processed and matched to a reference
spectral library using Open Specy Software (Cowger et al., 2021).
Polymers were noted if the spectral match was at least 50%.

Quiality assurance/quality control

Rigorous precautions were taken while handling and
processing samples. A 100% cotton lab coat and nitrile gloves
were worn during laboratory analyses. All tools and glassware
were carefully rinsed with distilled water that was filtered through
90 mm GF/A 1.6 um glass fiber filters. For QA/QC purposes, one
lab/procedural blank extraction without tissue was performed
simultaneously with each set of sample digestions to correct for
potential procedural contamination, and three positive controls
with commercially purchased polyethylene, polystyrene, and
polyester microplastic particles were used to determine recovery
efficiency. Mean recovery percentages were 90% for film, 87% for
foam, and 90% for fibers. During the dolphin health assessments,
environmental blanks were collected concurrently with gastric
fluid, using the same sampling methods and equipment. Also, the
sample collection and processing teams wore green cotton shirts,
and the caps for the glass sampling tubes were only removed once
the gastric sample was collected from the dolphin.

Data analysis

Methods to characterize microplastic exposure in bottlenose
dolphins followed the methods of Nelms et al. (2019) and best
practice recommendations by Zantis et al. (2021). Briefly, we

10.3389/fmars.2022.947124

estimated the number of suspected microplastic particles per
gastric sample, calculated the proportion of samples containing
at least one suspected plastic particle, and identified key physical
characteristics (e.g., shape, color). On a random subset of
suspected plastic particle types (e.g., films, foams, fibers), we
assessed polymer composition via FTIR and measured particle
dimensions. As this study was exploratory and sampling
volumes were not standardized, systematic exposure
assessments were not performed for each individual. Further,
given the small sample size, statistical comparisons between age
groups or sexes were not performed.

Results

Gastric samples were collected from seven free-ranging,
long-term resident bottlenose dolphins during health
assessments in June 2019. Four of the dolphins were females,
and ages ranged from 4 to 44 years (Table 2). Dolphins were
sampled from four locations throughout Sarasota Bay: 1) one
dolphin in Palma Sola Bay; 2) one dolphin near Tidy Island; 3)
three dolphins near the southern end of Longboat Key; 4) two
dolphins near the northern end of Siesta Key (Figure 1; Table 2).

Of the total 92 particle types remaining in samples after
digestion and filtration, 62% (n=57) were of suspected plastic
origin, based on the hot needle test. All suspected plastic
particles examined were less than 5mm in diameter, suggesting
microplastic ingestion in bottlenose dolphins. At least one
suspected microplastic particle was observed in gastric samples
of every dolphin (Table 3). Suspected microplastic quantity was
variable across dolphin samples (less than 10 to greater than
100), and particle types included several colors of films, fibers,
and foams (Figures 2-4; Table 3). Transparent films and white
foams were the most commonly observed particle types in
bottlenose dolphin gastric samples (Table 3). FTIR was not
conducted on fibers due to their small widths, and many of
the white foams were too small to yield conclusive results.
However, polymers (e.g., PVC zinc, polyethylene, polyamide)
were detected in transparent films, providing evidence of
microplastic ingestion in five of the seven dolphins (Table 4).

TABLE 2 Characteristics of bottlenose dolphins sampled in Sarasota Bay, Florida during health assessments (2019).

Dolphin ID Sample Collection Date
F128 6/10/2019
F221 6/10/2019
F261 6/4/2019
F264 6/6/2019
F266 6/6/2019
F283 6/5/2019
F285 6/6/2019

Sex Age Sampling Location
M 27 Siesta Key
F 14 Siesta Key
F 44 Tidy Island
M 11 Longboat Key
M 12 Longboat Key
F 4 Palma Sola Bay
F 11 Longboat Key

M, male; F, female.
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FIGURE 1

Locations of sampling sites for Bottlenose Dolphins Sampled during 2019 Catch-and-Release Health Assessments in Sarasota Bay, Florida.

Suspected plastic particles were also present in all
environmental and laboratory/procedural blanks, ranging from
one to 12 particles per blank (Tables 3, 4). The majority of
suspected plastic particles in the environmental and laboratory
blanks were fibers; transparent films and foams were not
observed in any of the blanks (Tables 3, 4).

Discussion

Overall, our findings are consistent with previous studies. In a
review of 30 publications reporting results of microplastics
screening of gastrointestinal tracts (primarily from dead stranded
or bycaught cetaceans) and scat (primarily from live pinnipeds),
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microplastics were highly prevalent (Zantis et al, 2021). In our
study, all dolphin samples contained at least one suspected plastic
particle, and most contained more than 50 particles. Particle types
observed in Sarasota Bay dolphin samples were similar to those
reported in previous studies, including fibers, foams, and films.
However, previous studies reported a predominance of fibers
(Zantis et al., 2021; Table 1), while foams and films dominated
the particle types ingested by Sarasota Bay dolphins (Table 3). Our
findings agree with previous cetacean studies in which blue and
black fibers were commonly observed (Zantis et al., 2021), but the
most abundant particle colors in Sarasota Bay dolphin samples
were transparent and white.

Given widespread reports of microplastic ingestion among
many stranded cetaceans of a variety of species (Table 1), it is not

frontiersin.org


https://doi.org/10.3389/fmars.2022.947124
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hart et al.

10.3389/fmars.2022.947124

TABLE 3 Microplastic characteristics in environmental/laboratory blanks and gastric samples collected during catch and release bottlenose
dolphin health assessments conducted in Sarasota Bay, FL, USA (June 2019).

Dolphin Sample Estimated Count(all parti-

ID Type cles)

F128 Gastric <20 Fl
Blank missing

F221 Gastric >100 Fl
Blank 8

F261 Gastric 50-100
Blank 14 F

F264 Gastric >100 Fl
Blank 4

F266 Gastric 10-50 F
Blank 6

F283 Gastric 50-100 FL F
Blank 5

F285 Gastric >100 FL F
Blank 7

Lab Blank 1 7
Blank 2 1
Blank 3 1

Italic, bold font indicates most common particle type in sample. Fl, film; Fo, foam; F, fiber.
Shaded cells indicate particle type overlap between gastric and blank samples.

entirely surprising to detect evidence of microplastic ingestion in
Sarasota Bay dolphins. Although there are no published
microplastic surveys for Sarasota Bay, microplastic
contamination along the coastal regions of the Gulf of Mexico
is among the highest found worldwide, with reported
concentrations ranging from 60-1,940 items/kg in sediment,
12-381 particles/L in water, and 1.3-4.7 particles per fish
(reviewed by Shruti et al., 2021). Microplastic concentrations
in sediments, which serve as a sink for these particles, were
strongly influenced by degree of urbanization (Shruti et al,
2021). Further, a study conducted in Tampa Bay, which is
directly north of Sarasota Bay, estimated approximately 4
billion particles in the bay (McEachern et al, 2019). As a
result, it is reasonable to expect similar levels of contamination
in Sarasota Bay.

The differences in particle characteristics observed between
Sarasota Bay dolphins and previous cetacean studies could
possibly be explained by geography, sample type (gastric fluid
vs. intestine), or retention/passage time. For example, Giani et al.
(2019) found geographic differences in the composition of
microplastic types among fish inhabiting distinct regions of
the Mediterranean Sea. Also, given the likelihood for trophic
exposure (Nelms et al., 2018), the types of particles observed in
Sarasota Bay dolphins could also be attributed to geographic
differences in prey distribution. Alternatively, Nelms et al. (2019)
note that microplastic distribution is inconsistent across the
gastrointestinal tract, resulting in differences that may be
dependent on the anatomical location of sampling (e.g.,
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Clear White Blue Green Black Red Yellow Purple Pink Orange

Fo F
Fl, F F
F F F
Fo F F F
F F F F F
Fo F F F
F F
F F F
F
Fo F F F F
Fl, F F
F F F
F
F F F F
F

stomach vs. intestine). It also seems plausible that differences
in suspected microplastic characteristics observed in this study
could be attributed to differences in retention time for different
types of microplastics. For example, in a study comparing
ingested microplastic characteristics between grey seals
(Halichoerus grypus) and their prey fish, Nelms et al. (2018)
found that microplastic fragments were most common in seal
scat samples, while fish gastrointestinal tracts were dominated by
fibers. Perhaps foams and fragments are egested quickly,
whereas fibers may accumulate in the intestinal tract.

Considerations

One of the limitations in microplastic research is the
recurring issue of sample contamination by ambient
microplastics during field collection or sample processing
(Foekema et al., 2013). Despite our QA/QC efforts, suspected
plastic particles (primarily fibers) were observed in nearly all
laboratory and environmental blanks, suggesting the possibility
of dolphin sample contamination (Tables 3, 4). To help control
for contamination levels in the field, environmental blanks were
collected and processed in a manner identical to that of the
gastric samples. Furthermore, while we were not able to control
for synthetic clothing during field collection, the individuals
involved in the sample collection and sample processing wore
bright green shirts, and green fibers were not prevalent in gastric
samples or associated environmental blanks. While overlap in

frontiersin.org
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FIGURE 2

10.3389/fmars.2022.947124

Example of White Foam from a Gastric Sample of a Bottlenose Dolphin Sampled in Sarasota Bay, Florida (2019).

fiber color between the gastric samples and both sets of blanks
could provide evidence of sample contamination, the rate of
contamination in these samples was less than 10% of the total
number of suspected microplastics in the gastric samples
(Table 3). Additionally, clear films and white foams were not
observed in any blank, suggesting true ingestion of these
particles by Sarasota bottlenose dolphins.

Although suspected microplastics were observed in every
sample collected from Sarasota Bay dolphins, plastic ingestion
could only be confirmed in five dolphins due to size limitations
of FTIR. Additionally, given that blue and black fibers were
observed in gastric and blank samples, laboratory or
environmental contamination cannot be ruled out, particularly
for dolphin “F266” (Table 3). It is difficult to contextualize
microplastic exposure in Sarasota Bay bottlenose dolphins due
to differences in sample type and collection methods across
research studies, as well as limitations within our own study. For
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example, considering that our analyses focused only on particles
contained in gastric fluid, results presented herein are an
underestimate of trophic consumption since particles may
adhere to, or be trapped in, tissue lining the gastrointestinal
tract. Secondly, understanding individual dosage is complicated
by the fact that repeated sampling of individuals is not allowable
by permit or feasible since gastric samples were taken
opportunistically as other health-related samples and
measurements were being obtained. As this is the first study to
collect gastric samples from live free-ranging bottlenose
dolphins for microplastic screening, future efforts will be made
to facilitate microplastic exposure assessments. For example,
standardized volumes will be collected to calculate and compare
microplastic load between individuals and demographic cohorts
(Zantis et al., 2021). Additionally, particle sizes will be
systematically measured, and suspected plastic particles
identified by the hot needle test will be confirmed using FTIR

frontiersin.org
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FIGURE 3

Example of Transparent Film from a Gastric Sample of a Bottlenose Dolphin Sampled in Sarasota Bay, Florida (2019).

or Raman spectroscopy, which will enable the determination of
polymer composition for suspected particles of a broader
size range.

Significance

Our recent studies detected prevalent phthalate exposure
among free-ranging bottlenose dolphins in Sarasota Bay, FL
(~75%; n=51; 2010-2019; Hart et al., 2020; Dziobak et al., 2021),
which is located in the tenth fastest-growing metropolitan region
in the United States (U.S. Census Bureau, 2017). The most
commonly detected metabolites were monoethyl phthalate
(MEP), and mono-(2-ethylhexyl) phthalate (MEHP; Dziobak
et al, 2021), which are metabolites of parent compounds
commonly added to personal care products and plastic. In
fact, Sarasota Bay bottlenose dolphins had significantly higher
concentrations of MEHP, the metabolite of di-(2-ethylhexyl)
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phthalate (DEHP), than human reference populations (Hart
et al., 2020). This finding is significant as DEHP is most
commonly used in polyvinyl chloride products, food
packaging, wire covering, toys, and medical tubing (ATSDR,
2002). While the source of this phthalate exposure is uncertain
for bottlenose dolphins, our findings suggest a plastic origin. The
link between MEHP detection and DEHP contamination is not
clear, but previous studies demonstrated that MEHP
concentrations measured in blubber and muscle samples from
fin whales and basking sharks were higher in individuals
sampled in regions with significantly higher water and
plankton microplastic concentrations (Fossi et al., 2012; Fossi
et al., 2014).

The ubiquity of plastic has created a monumental
environmental pollution problem. The public health
consequences of this extensive pollution are significant, as an
estimated 41% of the world’s population lives within 100 km of
the coast (Martinez et al., 2007). As apex predators with a long
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FIGURE 4

Example of Blue Fiber from a Gastric Sample of a Bottlenose Dolphin Sampled in Sarasota Bay, Florida (2019).

TABLE 4 Suspected Plastic Particle Counts, Dimensions, and Composition (determined via FTIR).

Dolphin  Fiber Width Film Dimensions Polymer Foam Dimensions Polymer
D Range
(count) (um) (count) (um) (count) (um)
F128 7 17.61-38.67 13 124.53 x 424.29 PVC zing, 1 Disintegrated when hot needle ~ N/A
829.58 x 309.80 polyethylene applied
F221 6 15.40-25.62 >100 371.57 x 1.05 mm PVC zinc, 0 N/A N/A
816.43 x 1.68 mm polyethylene
1.05 mm x 2.13 mm

F261 7 21.35-26.41 0 N/A N/A 47 159.73 x 82.311, 541.98 x 268.61 inconclusive

F264 10 21.35-27.01 3 674.35 x 2.90 mm polyamide >100 116.22 x 230.63 too small
146.14 x 179.34
432.43 x 404.61

F266 16 17.08-21.35 0 N/A N/A 0 N/A N/A

F283 19 17.08-36.74 >50 1.67 mm x 1.20 mm polyamide 3 209.81 x 264.01 too small

F285 8 24.90 >100 2.34 x 2.53 mm, 459.28 x polyethylene 0 N/A N/A

1.75 mm

N/A, not applicable.

lifespan (>60 years; Wells, 2014), year-round resident estuarine
bottlenose dolphins can serve as gauges to detect disturbances in
their local environment (Wells et al., 2004). This has been
demonstrated by epidemiologic studies of exposure to
chemical contaminants (e.g., polychlorinated biphenyls,
“PCBs”; Wells et al., 2005; Schwacke et al., 2012), toxins
produced during harmful algal blooms (Twiner et al., 2011),
and oil-associated compounds (Schwacke et al., 2014; Smith
et al, 2017), making them excellent sentinels of environmental
contaminant exposure for human communities, particularly
coastal communities that rely on seafood as a primary source
of food or economic export (Backer et al., 2019). In fact, Backer
et al. (2019) suggest that because of trophic concurrence,
dolphins can warn of local environmental pollution risks for
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coastal human populations. Findings from this research may
assist with efforts to monitor seafood contamination and help to
inform intervention and risk communication needs regarding
seafood safety.
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