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ABSTRACT

Plastic materials are nearly ubiquitous throughout the marine environment and are often
ingested by marine organisms. Assessing this contamination requires extraction and identification
of consumed microplastics, which can be challenging due to their small size and the complexity
of the tissues in which they accumulate. Existing methods often favor tissue destruction techniques
that use corrosive chemicals to break down organismal tissue to assess microplastic contamination.
However, extensive validation of these methods is required because the chemical interactions
between the digestants and plastic polymers are not fully understood.

For this study, the chemical compatibility between four digestants (hydrochloric acid
(HCI), nitric acid (HNOs), sulfuric acid (H2SOa4), and hydrogen peroxide (H20)) and three
polymers (low-density polyethylene (LDPE), polystyrene (PS), and nylon) was assessed. All three
acids (HCI, HNOs, H2S04) readily attacked nylon upon contact. Because of this, a microplastic
recovery method involving low-temperature tissue destruction with 30% H20. as a digestant was
developed. This method was then validated on blue crabs by spiking known quantities of green
nylon fibers, clear nylon fibers, white polyvinyl chloride (PVC) fragments, blue polyethylene (PE)
fragments, and black PS fragments into collected stomach tissue before processing them using the
developed method. High recovery rates were achieved for PS, PE, and green nylon fibers (>95%)
while clear nylon fibers (84%) and white PVVC fragments (63%) yielded sub-optimal recoveries.
Once validated, the developed method was then used to assess microplastic contamination in 39
blue crabs collected near Corpus Christi Bay, TX. From these blue crabs, 0.44 synthetic
fragments/fibers per crab were recovered, with 25.6% of collected blue crabs observed to contain

synthetic fragments and fibers within their stomach.



The developed method provides a less destructive alternative for assessing microplastic
contamination in marine organisms when compared to published acid-based methods.
Additionally, this study provides initial evidence of microplastic contamination in blue crabs, with
approximately 25% of sampled blue crabs found to have microplastics or synthetic fibers within

their stomachs.

Vi



TABLE OF CONTENTS

CONTENTS PAGE
ABSTRACT . ettt E R Rt e e %
TABLE OF CONTENTS ... ne e vii
LIST OF FIGURES ... .ottt bttt et te e viil
LIST OF TABLES ...ttt e e e et e e e e e snb e e e nna e e e nneeeans Iix
LN IO 1 10 L@ 1 ] N 10
MATERIALS AND METHODS ...t 14
Materials for plastic recovery Method ...........c.cceoieiiiie i 14
Chemical selection and plastic compatibility teStiNg.........ccccoeririiiiiiiieeee e 15
Testing of tissue destruction and method development..........ccocoveiiiiiiniiieice e 16
Microplastic extraction method validation ... 18
Assessment of microplastic contamination in blue crabs ..., 20
RESULTS ..ttt h et ettt a bt e bt e e R bt e bt e e s b e e ebe e et e e b e e e e e e nneeanneeannas 22
Chemical selection and plastic compatibility teSting.........ccccoveviiieiicii i, 22
Microplastic reCOVEry MEtNOM ..........coviiiiiieie e 25
Assessment of microplastics in Corpus Christi blue crabs ... 27
DISCUSSION AND CONCLUSION ...ttt st 28
LIST OF APPENDICES. ... ..ottt st nee s 34
LITERATURE CITED ...ttt sttt st ne e 47

vii



LIST OF FIGURES

FIGURES PAGE
Figure 1: Plastic fibers and fragments used for method validation_ 19
Figure 2: Blue crab sampling locations 21

Figure 3: Total recovery of suspected fibers and fragments from fifty-four blue crab stomachs 26

Figure 4: Spectra for recovered cellulose fiDers 43
Figure 5: Spectra for recovered polyester fIDerS 44
Figure 6: Spectra for recovered acrylic fIDerS 45
Figure 7: Spectra for recovered fragments and film 46
Figure 8: Observed bleaching Of tISSUE 29

viii



LIST OF TABLES

TABLES PAGE

Table 1: Summary of microplastic contamination in invertebrates

Table 2: Summary of utilized tissue destruction methods efficacy

Table 3: Initial chemical resistance testing

37

23

24

38

27



1. INTRODUCTION

Plastic debris has been increasingly documented in terrestrial, freshwater and marine systems
worldwide over the past 40 years, where it has altered ecosystems and negatively impacted
numerous marine species (Colton et al., 1974; Ivar Do Sul et al., 2013). Global plastic production
in the 1980°s was close to 100 million tons, and it was estimated that 639,000 plastic articles
entered marine systems per day from marine sources alone (Horsman, 1982; Barnes, 2005; Ryan
et al., 2009). Since then, global plastic production has more than tripled (PlasticsEurope, 2012;
PlasticsEurope, 2016), and approximately 10% of all solid municipal waste (by mass) is now
composed of plastic materials (Barnes et al., 2009). Jambeck et al. (2015) estimated that 4.8 to
12.7 million tons of plastic material entered marine systems in 2010 due to terrestrial inputs from
communities within 50 km of the coast but may have underestimated the quantity of plastics by
ignoring inland inputs. How much of this waste ultimately ends up in marine systems is currently
unknown, but it is thought that plastics now form the majority (60-80%) of marine debris around
the world (Derraik, 2002).

Plastic debris is commonly grouped into two categories: macroplastics, plastics that are greater
than 5 mm in size, and microplastics, which are smaller than 5 mm in size (Thompson, 2004;
Arthur et al., 2009). Macroplastics in marine environments often consist of discarded plastic
products (cups, containers, packaging, fishing gear, etc.) or fragments of larger material (Cole et
al., 2011; Wilcox et al., 2016). With prolonged environmental exposure, plastic debris increasingly
fragments due to UV irradiation, oxidation, and physical weathering that produces smaller
particles (Shah et al, 2008; Andrady, 2011). Microplastics in marine systems include fibers from

synthetic textiles, rope, virgin pellets (nurdles), air-blasting media, and microspheres from
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personal care products (Fendall and Sewell, 2009; Cole et al., 2011). Common plastic polymers
include low and high-density polyethylene (LDPE and HDPE), polystyrene (PS), polyamide (PA,
Nylon), polypropylene (PP), Polyethylene terephthalate (PET) and Polyvinyl chloride (PVC), each
with their own unique physical characteristics and chemical properties.

In marine systems, plastics can alter ecosystems and negatively impact marine organisms (Laist,
1987; CBD, 2016). Mechanical interactions with plastic, such as entanglement or ingestion, may
cause sub-lethal and lethal effects, including strangulation, drowning, choking, pseudo-satiation,
disfigurement, maiming, reduced fitness, and the alteration of behavior (Laist, 1987; Laist, 1997;
Gregory, 2009; Wright et al, 2013; Ivar do Sul and Costa, 2014). Plastics also frequently contain
additives or sorbed chemicals from the environment that can leach into the organism upon uptake
(Browne et al., 2013, Teuten et al., 2009) and further transfer between trophic levels (Browne et
al., 2008; Batel et al., 2016). Microplastics are also more easily ingested by a wider range of
organisms than macroplastics and can take weeks to pass through an organism’s digestive tract
(Browne et al, 2008; Watts et al, 2014). At least 812 coastal species have been confirmed to be
negatively impacted by plastics (which includes ingestion, entanglement, ghost fishing, dispersal
and habitat alteration), with those affected by ingestion and entanglement alone totaling 519
species (CBD, 2016). Furthermore, most organisms affected by plastics are disproportionately
formed by fish, birds, and marine mammals, with relatively little in situ data available on the
effects of plastics on marine invertebrates (Laist, 1997; Claessens et al., 2013; CBD, 2016).

Plastic contamination in invertebrates commonly focuses on bivalves or crustaceans as they are
often commercially or environmentally important species with indiscriminate feeding strategies
that lead to plastic exposure (Andrady, 2011; Ivar Do Sul and Costa, 2014). For example, blue

mussels (Mytilus edilus) in the North Sea and coastal China contained plastic loads ranging from
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0.2 to 4.6 plastic items/g tissue (Table 1). Microplastic contamination was also observed in nine
other bivalve species in coastal China (2.1 to 10.5 plastic items/g tissue; Table 1), and
concentrations were positively correlated with proximity to human populations (Li et al., 2015).
Contamination was observed in the Norway lobster (Nephrops norvegicus), with microplastics
found in 83% of 120 sampled individuals (Table 1). Most plastics found were synthetic strands,
often tangled into balls that were intertwined with fibrous algae (Murray and Cowie, 2011). A
similar study investigating Chinese mitten crabs (Eriocheir sinensis) off the coasts of Poland and
Portugal found that 13% of the 302 specimens sampled had plastics in their stomachs (Table 1).
Both studies investigating microplastic contamination in crustaceans (Norway lobster and Chinese
mitten crab) found that the majority of recovered plastics consisted of clear balled fibers. A likely
source of ingested fibers is the fishing industry, as some of the fiber bundles recovered from these
organisms were observed to be like those originating from fisheries (nets, ropes, fishing line)
(Wojcik-Fudalewska et al., 2016) or had matching Micro-Raman spectroscopy spectra (Murray
and Cowie, 2011). Additionally, laboratory trials have shown that mussels, polychaetes, sea
cucumbers, and green crabs are all capable of taking up plastics from their food and the
environment, either through ingestion or respiration (Graham and Thompson, 2009; Browne et al.,
2013; Claessens et al., 2013; Watts et al., 2014).

Given the diverse feeding strategies of invertebrates and their presence in coastal zones that
are often heavily developed and receive anthropogenic debris from upstream, it is likely that these
organisms are regularly exposed to plastics. This is of concern for invertebrate fisheries due to
economic and human health concerns. The blue crab, Callinectes sapidus, is one such species.
Blue crabs support a $219 million dollar fishery in the U.S, with $74 and $5.5 million dollar

fisheries in the Gulf of Mexico and Texas, respectively (NMFS, 2015). Blue crabs forage in
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sediment for plants, animals, detritus, and carcasses (Laughlin, 1982), exposing them to denser
plastics, like PVC, and those fouled by biofilms that sink out of the water column, such as PE or
PP (Wright et al, 2013). Blue crabs are unlikely to distinguish between their natural foods and
plastics and may even preferentially target them, as seen in other organisms (Graham and
Thompson, 2009; Murray and Cowie, 2011; Lonnstedt and Ekl6v, 2016). Additionally, fibers and
other particles may become entangled in their gills as water passes over them during respiration
(Watts et al, 2014). Microplastics have been observed to transfer additives to organisms (Browne,
2013), and the accumulation of plastic particles and fibers may lead to similar risks of exposure to
plasticizers and other harmful additives in blue crabs. Microplastic accumulation in blue crabs has
not been thoroughly investigated and it is unclear to what extent they have been impacted.

While the uptake of microplastics has been increasingly documented, there is currently no
consensus or established methodology for investigating contamination in marine organisms.
Typically published methods consist of manual dissection or tissue destruction followed by
numerous approaches to sorting the material collected (Murray and Cowie, 2011; Wojcik-
Fudalewska et al., 2016, Karami et al., 2017). Recently published methods often favor tissue
destruction, as it simplifies plastic recovery by dissolving a large portion of non-plastic material
using some combination of strong oxidizers, bases, and acids, such as hydrogen peroxide (H20>),
potassium hydroxide (KOH), sodium hydroxide (NaOH) and nitric acid (HNO3) (Table 2). These
methods are often enhanced by increasing reaction temperatures (>50 °C) and physical disturbance
(stirring or sonicating) to facilitate the breakdown of tissue (Table 2). However, many of the
methods used for plastic recovery from tissue were either not properly tested across the variety of
polymers found in the environment (Table 2) or not validated before use (De Witte et al., 2014).

This is problematic because strong acids like HNOgz, HCI, or mixtures involving these chemicals
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dissolve nylon and partially degrade polymers like PVC, PP, and PS (Claessens et al., 2013;
Karami et al., 2017). Studies that utilize these methods could underestimate plastic presence by
failing to account for unknown interactions with plastics in the samples (Phuong et al., 2016). To
help address these shortcomings and provide preliminary data on an important commercial fishery
based around the blue crab we tested the chemical interactions of several digestants and polymers
and sought to create a less destructive and more inclusive method for recovering plastics that could
be used to assess plastic contamination in marine organisms. This created method was then applied
to blue crabs collected near Corpus Christi Bay to further assess its viability and provide initial

data on possible microplastic contamination.

2. MATERIALS AND METHODS

2.1 Materials for plastic recovery method

Equipment used for this method included the filtering apparatus, cellulose acetate
membrane filters (47 mm diameter, Advantec) with 0.8 um pore size purchased from VWR, and
a Meiji Technology EMZ-8TR stereomicroscope. Chemicals used included HPLC grade Acetone
and HPLC grade hexane purchased from Fischer Science, and Hydrogen peroxide (30% and 40%
by volume Salon Care clear developer) purchased from Sally’s Beauty Supply store. All H.0 was
pre-filtered at 0.8 um, stored in a refrigerator at 4 °C in a clean amber glass bottle when not in use,

and replaced after 30 days to maintain potency.
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Plastics used in this study consisted of Nylon 6, PS, PP, and HDPE plastic nurdles (3 mm
diameter) purchased from ResMart (Fort Worth, Texas), and white PVVC powder (white-PVC) (250
pum) purchased from Goodfellow (Coraopolis, PA). Blue HDPE fragments (blue-HDPE), black PS
fragments (black-PS), green nylon fibers (green-nylon), and clear nylon fibers (clear-nylon) were
created from water bottle caps, coffee cup lids, green paracord, and nylon rope, respectively. Nylon
fibers from fishing line and blue-LDPE film from plastic bags were used in preliminary testing.
Green and clear nylon fibers were cut to lengths between 1.8 and 0.4 mm, while blue-HDPE and
black-PS were ground into fragments and sieved to a 200-300 um size range. Polymer types tested
were selected to both represent commonly used plastics and gauge this method’s effectiveness on
microplastics with differing structures, coloration, chemical resistance, and densities.

Blue crabs used for method development and validation were purchased from a local
seafood supplier and were collected from Corpus Christi Bay, TX. Live crabs were euthanized
immediately upon returning to the lab. Crabs not immediately processed were frozen at -20 °C and

were thawed out on the day of the experiment.

2.2 Chemical selection and plastic compatibility testing

Initial testing was performed to determine the chemical resistance of three plastic types
(nylon, LDPE, and PS) to concentrated hydrochloric acid (HCI, ~12M), sulfuric acid (H2SOa,
~16M), nitric acid (HNO3, ~12M), and hydrogen peroxide (H20., ~40%). Each polymer was
tested against each chemical separately to determine its chemical resistance. Nylon fishing line
(~0.02 g), blue LDPE plastic bag fragments (0.10-0.11 g), and black PS coffee lid fragments (0.18-

0.24 g) were exposed to individual chemicals at 20 °C for 48 hours. Percent recovery, calculated
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from mass before and after exposure, was used as an indicator of each plastics chemical resistance
when there were no obvious visual differences after treatment. The most compatible digestant was
then selected for long-term testing wherein PP, PS, HDPE, Nylon, and PVC nurdles and fragments
were exposed for 7 days at 20 °C. Hydrogen peroxide was determined to be the most suitable out

of the possible digestants as outlined in results section 3.1.

2.3 Testing of tissue destruction and method development

Likely pathways for plastic uptake in blue crabs are through ingestion, as observed in other
crustaceans (Table 1), or respiration, when water passes over the gills (Watts et al., 2015).
Therefore, blue crab stomachs and gills were selected for initial testing. Blue crabs were purchased,
euthanized, and dissected to remove their gills and cardiac stomach, which were collected in pre-
cleaned petri dishes and sealed. Samples were then immediately frozen at -20 °C, and thawed the
day of processing. Tissue samples were placed individually in 50 ml glass centrifuge tubes before
adding 5 ml of 30% H.O> dropwise to the samples, letting them react at 20 °C for 24 hours before
repeating. After this initial digestion, 10 ml of 30% H.O> was added to the test tube before heating
the sample to 70 °C for 2 hours, followed by subsequent filtration onto a 0.8 um cellulose acetate
filter. However, heating the H20, to 70 °C sometimes resulted in excessive bubbling that could
lead to loss of material, and plastics recovered from the environment can disappear into solution
if heated above 50 °C (Personal communication, Chelsea Rochman). Blue crab gills were also
found to be highly resistant to treatment by H202, visibly bleaching but remaining intact. To

address this, samples were to be heated at reduced temperatures (20-40 °C) for longer periods (7
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days) and the gills were to be excluded from further testing as the method was inadequate. With
these improvements, the following digestion method was developed.

Blue crab cardiac stomachs were first dissected and removed from the organism and placed
in a clean 50 mL centrifuge tube and dried (with the caps loosened) in a drying oven at 40 °C for
7 days. Once dried, the stomachs were gently crushed with a glass stirring rod to increase the tissue
surface area. To ensure no materials remained on the rod, it was rinsed three times into the
centrifuge tube with 2 mL of 30% H20- (dispensed from a glass pipette, for a total of 6 mL). The
glass stirring rod was then visually inspected under a microscope to ensure no materials remained
attached. Samples then digested overnight at 20 °C before the addition of another 2 mL of 30%
H>0> and gentle swirling for 15 seconds. This was repeated two more times, adding 4 mL more
over 48 hours, before the centrifuge tubes digested at 20 °C for a final 48 hours. The centrifuge
tubes were then heated at 40°C in a hot water bath for 2 hours before vacuum filtration with a 0.8
pum cellulose acetate membrane filter. The filtering apparatus and now-empty centrifuge tube were
inspected under a microscope to ensure the complete transfer of material. Filters were then visually
inspected under a Meiji Technology EMZ-8TR stereomicroscope for plastic contaminants.

Contamination was prevented by washing all glassware and utensils with detergent before
subsequently rinsing them with DI water and hexane and muffling at 500 °C for 4 hours. Prior to
use, all utensils were successively rinsed with hexane and acetone before being visually inspected
under a microscope. Laboratory contamination of samples was assessed by running a method
blank, a pre-cleaned empty vial that was processed alongside the samples using the created method
at a rate of one for every three samples processed. Sample contamination from laboratory sources

was assessed by establishing limits of detection (LOD) (Mean plastic contamination from sample
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blanks + 3*Standard deviation) for each type of plastic (based on coloration and structure)

observed in these method blanks (De Witte et al., 2014).

2.4 Microplastic extraction method validation

Fifty-four blue crabs were purchased for the method validation and randomly divided into
two groups consisting of twenty-seven individuals. Stomachs were then dissected from the crabs
and placed into separate 50 ml centrifuge tubes. Each test tube was then spiked with between 4
and 20 fragments/fibers of each respective plastic depending on the group. Spiked plastics were
added to the centrifuge tube directly as their relative location within the sample was intended to
be irrelevant (tissue is dried, broken apart, and destroyed). The variation in spiking amounts was
done to prevent the researcher from knowing the exact amount of plastics in each sample, thereby
reducing bias that could influence recoveries. The first group was spiked with clear-nylon and
white-PVC while the second group was spiked with blue-HDPE, black-PS, and green-nylon
(figure 1). Samples were then processed according to the finalized methods described in section

2.3, and recovery efficiency for each plastic was recorded and compared. To determine the tissue

Initial Dry Weight - Final Dry Weight

destruction efficiency, the change in dry weight ( tmitial Dry Weight

x 100) for

twenty samples were compared. Initial dry weights were recorded from tissue dried at 40 °C for 7
days while final dry weights were obtained by drying processed sample filters at 60 °C for 48

hours.
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Figure 1. Plastic fibers and fragments used for method validation: A) White PVC powder. B) Green

nylon fiber. C) Clear nylon fiber. D) Blue HDPE fragments. E) Black PS fragments.

19



2.5 Assessment of microplastic contamination in blue crabs

Microplastic contamination in local blue crabs around Corpus Christi Bay was assessed by
collecting specimens from three separate sites (Figure 2). Sites were selected for their accessibility,
location, and proximity to roads, population centers, and neighboring bodies of water. Blue crabs
were collected between July 7™ and July 22" using lines baited with raw chicken. A total of 39
blue crabs were collected: 12 from Site A, 15 from Site B, and 12 from Site C (Figure 2). Upon
returning to the lab, the length, mass, and sex of the crabs were recorded, and the crabs were
euthanized. Blue crabs were then dissected and their stomachs collected and individually placed
into clean 15ml scintillation vials. Stomachs were then processed using the microplastic extraction

method outlined in section 2.3.
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Figure 2. Blue crab sampling locations: Sites around Corpus Christi Bay where blue crabs were
collected for assessing microplastic contamination in local blue crabs using the developed tissue

destruction method.

Recovered suspected plastics and fibers were then analyzed using FTIR-ATR on a Nicolet
iN10 Fourier Transform Infra-Red (FTIR) spectrometer equipped with an iS5 microscope using
an ATR-Germanium Crystal and a Mercury Cadmium Telluride IR detector. Sample spectra were
collected with 256 scans at a resolution of 8 cm " over the range of 650 - 4000 cm™*. Backgrounds
were collected before each sample run and all collected spectra were compared to the “Forensic
Comprehensive”, “HR sprouse polymers by ATR”, “Nutraceuticals/herbs”, “ICHEM Nicodom
ATR, ATR 100 Specta Dema Library”, and “Hummel polymer sample library” databases for
identification. Samples that positively matched the database (>65% confidence) were then
manually confirmed and considered plausible if they matched with the respective spectra bands

outlined in table 5.
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3. RESULTS

3.1 Chemical selection and plastic compatibility testing

Nylon was dissolved within the first hour when introduced to any of the strong acids (0% recovery
for HNOgz, HCI, and H2S0Os4), but remained visually unaffected when introduced to H202 (92.76%
recovery) (Table 3). LDPE fragment recoveries ranged from 96.61% to 106.79% and displayed
better resistance in all chemicals than nylon (Table 3). However, the LDPE turned brown upon
contact with the HNOs, indicating a possible chemical interaction. The PS fragments showed no
signs of interaction (evolution of gas, bubbling, heating, degradation, or visual discoloration) and
had good recovery (100.08-100.77%) in all of the solutions (Table 3). Of the initial chemicals
tested, H.O> was the only chemical that did not fully degrade either of the tested plastics in the
short-term so a long-term exposure test (7 days) was performed. Triplicates of PVC fragments,
nylon, PS, PP, and HDPE nurdles were placed in 400 mL beakers and exposed to 50 ml of pre-
filtered 30% H202 at 20 °C for 7 days. HDPE (100.00% + 0.01), PP (99.47%=z 0.42) and PS
(99.94% + 0.09) displayed little to no change in mass, while the PVVC decreased (98.79+ 0.13) and
the nylon nurdles slightly increased (102.92% + 1.14) in mass (Table 4). It is unknown why nylon’s
mass increased, but it could indicate a chemical interaction with H.O2. With recoveries near 100%,

H>0, was used for the remaining method development.
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Table 3. Initial chemical resistance testing: Summary of chemical resistance testing for three

different polymers exposed to four different chemicals used for tissue digestion over 48 hours.

Percent
Polymer Digestant Initial mass (g) Final mass(g) r(()e/g;)very
PS HCI 0.2375 0.2379 (100.17
PS H202 0.2457 0.2459 100.08
PS HNO3 0.182 0.1834 100.77
PS H2S04 0.1871 0.1882 100.59
LDPE HCI 0.1095 0.1047 95.62
LDPE H202 0.1095 0.1095 100.00
LDPE HNO3 0.1104 0.1179 106.79
LDPE H2S04 0.1024 0.1019 99.51
Nylon HCI 0.0236 0 0.00
Nylon H20: 0.0221 0.0205 92.76
Nylon HNO3 0.0231 0 0.00
Nylon H2S04 0.0236 0 0.00
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Table 4. Long term polymer chemical resistance to H>O.: Percent recovery of three different

plastics after 7 days of exposure to H.O2 at 20 °C.

Initial Plastic Mass

Final plastic mass

Percent recovery

24

Polymer | Trial @) @ (%)

HDPE |3 15.3518 15.3520 100.0013
HDPE | 2 14.1229 14.1216 99.9907
HDPE |3 16.8298 16.8289 99.9946
HOPE | wean | I oo 505
PS 1 14.8896 14.8678 99.8536
PS 2 12.9526 12.9510 99.9876
PS 3 13.8288 13.8056 99.8322
PS | wean | D oo 012
Nylon |1 14.7373 15.1762 102.9782
Nylon | » 13.4054 13.9464 104.0357
Nylon |3 16.6506 16.9436 101.7597
Nylon [ viean | I 102 92
PP 1 5.4375 5.3830 98.9977
PP 2 5.4779 5.4560 99.6002
PP 3 5.1150 5.1051 99.8064
PP I wean | D oo o1
PVC |1 0.9986 0.9853 98.6681
PVC |2 0.9962 0.9840 98.7753
PVC |3 0.9901 0.9795 98.9294
PVC | mean [ R o:.7900




3.2 Microplastic recovery method

Mean percent recovery (recovery efficiency) for the successful retrieval of all spiked
plastics was 89.09 + 31.19% while mean tissue destruction efficiency was 65.11 + 10.88% (n=20).
Recovery efficiency varied significantly between spiked plastic type and coloration. White-PVC
and clear-nylon fibers had the lowest recovery efficiency at 62.98% and 84.04%, respectively,
while green-nylon, blue-HDPE, and black-PS had mean recovery efficiencies of 96.01%, 97.72%,
and 99.35%, respectively.

In addition to the plastics spiked in for method validation, non-spiked materials that
included suspected synthetic fragments (tested using the hot needle test, coloration, and physical
structure), suspected metal fragments (non-ferrous, silver in coloration, and malleable), and fibers
(synthetic and non-synthetic) were also found in the samples (Figure 3). Blue fibers, red fibers,
and black fibers were found within both the samples and method blanks, which is consistent with
contamination observed in other studies (De Witte et al., 2014; Devriese et al., 2015). Limits of
detection (described above) were determined to be 3.3, 1.4, and 1.8 fibers/sample for blue, red,
and black fibers and were rounded up to the nearest whole number. From the 54 blue crabs
sampled, a total of 16 black fibers and 8 red fibers were recovered, but found in quantities below
the established LOD’s and not included in reported recoveries. A total of 55 blue fibers were
recovered, with two individuals containing quantities greater than the determined LOD (5 fibers
and 8 fibers respectively). Despite this, no blue fiber recoveries were included in the results as
there was no reliable way to tease out laboratory contamination from ingested fibers. After
accounting for the LOD, a total of 43 non-spiked fragments and fibers were recovered from the

processed blue crabs, including 4 metal fragments, 14 fibers (consisting of fiber types not found
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in method blanks), and 25 fragments (Figure 3). Recoveries indicate that there were, on average,
0.80 items per individual, with 42.59% of sampled blue crabs containing objects not introduced
during testing (after accounting for contamination) (Table 6). No objective

confirmation/identification using micro-FTIR or Raman spectroscopy was possible at the time.

Total Recovery of Suspected Fibers and Fragments From Fifty-
Four Blue Crab Stomachs

Green Fragment
Black Fragment
Blue Fragment

Clear Fragment

Metal Fragment

|
]
|
|
Red Fragment -
|
Black Fiber N
|

Clear Fiber

Items Recovered From Blue Crab Stomachs

Total number of items observed in fifty-four blue crab stomachs

Figure 3. Total recovery of suspected fibers and fragments from fifty-four blue crab stomachs:
Total number and types of non-spiked material recovered from the stomachs of 54 blue crabs, after
accounting for background contamination. Fibers were not differentiated into synthetic and non-

synthetic categories.



Table 6. Observed suspected microplastics in method validation blue crabs: Presence of non-
spiked suspected plastics, fibers, and metal fragments observed in the 54 blue crabs processed

using the H.O: tissue destruction method.

Number of individuals  |Percent of total sample size

Type of object recovered observed observed (%)

Fibers 4 7.41
Fragments 10 18.52
Fibers and Fragments 5 9.26
Metals 1 1.85
Metals and Fibers 1 1.85
Metals and Fragments 1 1.85
Fibers, Fragments, and Metal 1 1.85
None 31 57.41

3.3 Assessment of microplastics in Corpus Christi blue crabs

A total of 157 suspected plastics (126 fibers, 29 fragments, and 2 films) were initially
collected from the 39 blue crabs collected from around Corpus Christi Bay. Of this initial recovery,
52 items could be confirmed when analyzed using micro-FTIR. These 52 items consisted of 49
fibers (14 clear/white, 22 blue, 5 red, 7 black, and 1 purple fiber), 1 clear fragment, 1 green

fragment, and 1 gray film. Of the recovered fibers, 24 (48.98%) were identified as a cellulose/rayon
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blend (Figure 4), 15 (30.61%) as polyester (Figure 5), 9 (18.37%) as acrylic/acrylic blends (Figure
6), and 1 (2.04%) as Polystyrene. The clear fragment, green fragment, and gray film were identified
as a PET polymer, polycarbonate, and a phenoxy resin, respectively (Figure 7). Laboratory blanks
were then analyzed and 19 clear fibers, 17 clear/white/yellowed fragments, 2 black fragments, 2
blue fibers, and 1 red fiber were recovered. Limits of detection were calculated to be 5.52 for clear
fibers, 5.13 for clear/white/yellowed fragments, 0.95 for red fibers, and 1.33 for blue fibers. Clear
and blue fibers recovered from method blanks were comprised of either polyester or cellulose
while the red fiber was identified as polyester. All of the fragments recovered from the blanks were
identified as PS. Following these LOD’s, all clear fibers and red polyester fibers were excluded
from the results, and only those samples with 2 or more blue fibers were included. After accounting
for laboratory contamination 17 synthetic fragments and fibers (not including cellulose/Rayon
fibers) were recovered, consisting of 8 polyester fibers, 6 acrylic/acrylic blend fibers, 1
polycarbonate fragment, 1 PET fragment, and 1 phenoxy resin film. Using these final recoveries,
10 crabs (25.6% of sampled blue crabs) were found to have synthetic fragments within their

stomach with an average of 0.44 synthetic objects per blue crab.

4. DISCUSSION AND CONCLUSION

For all recovered spiked plastics, no discoloration or obvious signs of chemical interaction
or degradation were observed when viewed under a stereo-microscope at 50x magnification.
Bleaching of the tissue was observed in samples, with remaining biological matter altered to a pale
cream or white color (Figure 8), consistent with past observations (Nuelle et al., 2014). Tissue

destruction efficiency of this method (50-80%) was lower when compared to other published tissue
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destruction methods (Table 2), and is likely due to the lack of prior depuration of blue crabs
(presence of shell hash, grit, and other digestant resistant material), persistence of gastric ossicles,
and reduced heating. Some samples had large quantities of grit, shell hash, and other digestion
resistant matter that remained after the tissue was dissolved. Blue crab cardiac stomachs contain
hard, bonelike-plates that assist in the breakdown of food matter and are largely resistant to
digestion by H.O>. Most published methods recommend heating steps that range from 2-96 hours
and vary in intensity from 40-80 °C, often with greater intensities for shorter time periods (Table

2). Intensive heating results in greater tissue destruction potential but can destroy or alter plastics

within the sample (Vandermeersch et al., 2015; Karami et al., 2017).

Figure 8. Observed bleaching of tissue: Dried blue crab stomach before the digestion method (left), after
digestion by H20O- (center), and after filtration (right). Tissue changes from a dark orange to cream/white

throughout the process.

Low recovery for clear plastics is likely due to the incomplete destruction and subsequent
bleaching of tissue by H.O, (Figure 8). Bleaching changes tissues to colors similar to the

clear/white plastics, reducing visual detection and leading to lower recoveries. Recovery of clear
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nylon (84.04%) was lower than the recovery of colored nylon (96.01%). White PVC (62.98%) had
lower recoveries than all the other polymer types but had no colored analog to compare. Difficulty
in identifying clear/white objects was likely responsible for the low recoveries of white PVC, but
no observations within this study can rule out the degradation of plastics by H>O». Karami et al.
(2017) found reduced recovery of nylon (84-87%) and PVC (81.6%) when introduced to H20; at
50 °C for 96 hours (Table 2). While our method uses significantly less heating (20-40 °C) to try
and mitigate such an interaction, it is still possible that the digestant attacked the PVVC or nylon.

Colored plastics (green-nylon, blue-HDPE, and black-PS) had high recovery (96.01%,
97.72%, and 99.35%, respectively) using this method. Visual identification was easily performed
as all colored polymers contrasted starkly against the bleached sample background. Plastics were
observed on the walls of the filtering apparatus and were all carefully rinsed into the filter.
However, the apparatus needed to be dismantled before examination under a microscope and
minor losses of spiked plastics could have occurred during this processor when the filtered sample
was moved from the apparatus to the microscope.

Blue crabs initially processed during method validation were observed to have several
suspected synthetic fragments, fibers, and metal pieces within their stomachs in addition to those
deliberately spiked in. Out of the 54 blue crabs processed in method validation, 23 (42.59%) had
non-spiked items within them. The most common type of item observed in the blue crabs used for
method validation were what we believe to be synthetic fragments (31.48% of individuals),
followed by fibers (20.37% of individuals), and metal fragments (7.41% of individuals). Suspected
synthetic fragments were observed in a variety of colors, including blue, red, black, green, and
clear (Figure 3). None of these fragments were observed in any of the method blanks, so it is

unlikely that they were introduced into the sample during processing. Blue, red, and black fibers
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were observed in both the samples and the method blanks, while clear fibers were only observed
in samples. After accounting for contamination, total number of items per individual ranged from
0 to 4 and may indicate that the number of polymers spiked into the samples (4-20) were
unrealistically high.

When this method was field tested on blue crabs collected from Corpus Christi Bay, the
final recovery consisted of 17 synthetic plastic fragments/films, and fibers. The most common type
of synthetic item recovered were fibers (82.4%), which were composed of either polyester or
acrylic material. These fibers were observed in a variety of colors, including blue, red, black, and
purple, which is consistent with those found during the method validation. Fourteen clear fibers,
identified with FTIR as polyester and cellulose/rayon, were observed in blue crab samples but
ultimately excluded from the results due to their presence on method blanks. Fragments and films
comprised a far smaller proportion of the recovered synthetic material (17.6%). Of the initial 29
suspected fragments collected, only 3 were identified as plastics or resin. The remaining suspected
fragments were either identified as chalcedony/quartz (9 black and 8 red fragments), chitin and
undestroyed organic material (1 black and 1 yellow fragment), or could not be determined (5 blue
and 2 clear fragments). Collected synthetic fragments/film included 1 green fragment, 1 clear
fragment, and 1 gray film, which were identified as polycarbonate, PETE, and phenoxy resin,
respectively.

Despite FTIR instrumentation being unavailable during method validation, it is worth
comparing the initial recovery of suspected plastics from the method validation and field samples.
Suspected fibers and fragments were recovered from both sets of samples, and while the relative
abundance of each type of suspected plastic differed (quantity of fibers vs fragments), similar

physical characteristics were observed between each. Most suspected fragments and fibers
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recovered from both sets of samples were either clear, blue, black, or red, with blue and clear being
the most common fiber coloration. However, out of the 157 suspected fragments, films, and fibers
initially recovered from field samples, only 52 (33.12%) were correctly identified. Fibers were
successfully identified as synthetic only 38.88% of the time while fragments and films were only
identified 12.90% of the time. Given the low success rate for identifying plastics without
instrumentation, it is possible that the initial suspected recoveries for method validation samples
were overestimated.

Based on results from this and other studies, H202 appears to be an acceptable digestant for
plastic recovery methods (Table 2). Minimal interaction between the digestant and PS, nylon, and
PE polymers was observed when they were exposed at 20 °C for 7 days (99.94% =+ 0.09, 102.92%
+1.14, 100.00% £ 0.01 recovery), and no obvious deterioration was observed in any of the samples
processed in this study. Hydrogen peroxide has been observed to degrade nylon and PVC when
heated to 50 °C for extended periods of time and may alter Raman spectral response when trying
to identify the polymer (Karami et al., 2017). However, successful identification of PS, nylon, and
PE using FTIR has been performed after treatment with 30% H20- at 65 °C for 24 hours followed
by 24-48 hour digestion period at room temperature (Li et al., 2014). Temperatures were
purposefully kept low to prevent the degradation of polymers, but the developed method may have
been too conservative given the low tissue destruction efficiency (50-80%). Undigested material,
once bleached, can make the visual identification of clear/white objects more difficult. Pairing this
method with a density separation step using Nal solution (Claessens et al., 2013; Avio et al., 2015),
or a method to better visualize the plastic with a dye, such as Nile red (Shim et al., 2016), would
likely improve its recovery efficiency for clear plastics. Further testing of this method is required

as only four polymer types, PS, HDPE, nylon, and PVVC were tested, and no instrument data was
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examined in tandem with the method. As FTIR and Raman spectroscopy are two of the most
frequently used identification techniques for plastics, making sure this method is compatible will
be important in the future (Harrison et al., 2012, Li et al., 2014).

As shown by the preliminary tests (Table 3) in this study and in observations from Karami
et al. (2017), strong acids can rapidly destroy nylon and may attack other polymer types. Nylon is
commonly used in fishing gear, nets, and ropes, and has been found in coastal ecosystems and
organisms (Gregory, 2009; Murray and Cowie, 2011). Without proper testing and validation, the
use of strong acid destruction methods may result in underestimates of plastic pollution and
contamination. While strong acids are efficient at destroying tissue and convenient to use, they
may be too harsh for recovering plastics.

This developed method described herein successfully uses a low-temperature, tissue
destruction approach with 30% H>O> as a digestant for plastic recovery from blue crabs. High
recovery rates were achieved for PS, PE, and nylon (>95%) while clear/white polymers (63-84%),
and more specifically PVC (63%), yielded sub-optimal recoveries. This study has also provided
evidence of microplastic contamination in blue crabs from Corpus Christi Bay, TX, with an
average of 0.44 synthetic fragments/fibers per sampled blue crab, with 25.6% of collected blue

crabs observed to contain synthetic fragments and fibers within their stomach.
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APPENDIX 1: TABLES AND FIGURES

Table 1. Summary of microplastic contamination in invertebrates: experimental evidence of microplastic contamination, detailing the

organisms, location, quantity of plastics, percent of individuals contaminated, and the method used to extract the plastics.

Organism Location Microplastic Individuals Method Reference
Contamination with Plastics Used
(%)
Crustacea
Crangon crangon Southern North Sea (UK, 0.68 £0.55% 63 | HNO3:HCLO4 Devriese et al. 2015
France, Belgium, and The
Netherlands)
Nephrops Clyde Sea n.r 83 manual Murray and Cowie,
norvegicus dissection 2011
Eriocheir sinensis Baltic Sea (Poland), Coast of n.r 13 manual Wojcik-Fudalewska
Portugal dissection et al., 2016
Lepas spp. Northeast Pacific Ocean 1-30° 335 manual Goldstein and
dissection Goodwin, 2013
Euphausia pacifia Northeast Pacific Ocean, 0.059° n.r HNO3z | Desforges et al., 2015
Canada
Neocalanus Northeast Pacific Ocean, 0.029° n.r HNO3z | Desforges et al., 2015
cristatus Canada
Polychaeta
Arenicola marina North Sea Coast (France, 1.2+2.8% 100 HNO3 Van Cauwenberghe
Belgium, Netherlands) et al., 2015
Bivalvia
mytilus edilus China 0.9-46? n.r 30% H202 Li et al., 2016

35



Scaphara China
subcrenata

Tegillarca granosa China
Mytilus China
galloprovinicialis

Patinopecten China
yessoensis

Alectryonella China
plicatula

Sinonovacula China
constricta

Ruditapes China
philippinarum

Meretrix lusoria China
Cyclina sinensis China
Perna perna Brazil
Mytilus edilus Germany (Mussel Farm)
Crassostrea gigas Atlantic Ocean (France)
Mytlius edilus North Sea Coast (France,

Belgium, Netherlands)
. n.r = Not reported; = # of plastic items/individual;

2.1-10.52

2.1-10.52
2.1-10.52

2.1-10.52
2.1-10.52
2.1-10.52
2.1-10.52

2.1-10.52
2.1-10.52

n.r

0.36+0.07%
0.47+0.16%
0.2+0.3°

b= # of plastic items/gram of tissue
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n.r

n.r

n.r

n.r

n.r

n.r

n.r

n.r
n.r
75

n.r

n.r

100

30% H202

30% H202
30% H202

30% H202

30% H202

30% H202

30% H202

30% H202
30% H202
HNOs3
HNOs3

HNO3

HNO3

Li et al., 2015

Li et al., 2015
Li et al.,, 2015

Li et al., 2015
Li et al., 2015
Li et al., 2015
Li et al.,, 2015

Li et al.,, 2015
Li et al., 2015
Santana et al., 2015

Van Cauwenberghe
and Janson, 2014

Van Cauwenberghe
and Janson, 2014

Van Cauwenberghe
et al., 2015



7  Table 2. Summary of utilized tissue destruction methods efficacy: method validation results of various tissue destruction methods for
8  recovering plastics, Identifying the digestant used, heating period and temperature, percent recovery for various types of plastic, and

9 the tissue destruction efficiency of the method.

Digestant Temperature  Duration PVC  PS(%) PP PE (%) | PET | Nylon | Destruction Reference
(°C) (%) (%) (%) | (%) efficiency (%)
density separation NA NA n.t 73 n.t 73 n.t n.t n.t | Avioetal,,
(1.2g/ml NacCl 2015
solution)
30% H,02 digestion 55 7 days n.t 70 n.t 70 n.t n.t n.t | Avioetal.,
2015
22.5 M HNOs 100 10 n.t 4 n.t 4 n.t n.t n.t | Avio et al.,
minutes 2015
Density Separation NA NA n.t 95 n.t 95 n.t n.t n.t | Avioetal.,
(1.2g/ml NacCl 2015
solution), 15%
H.0:
KOH (10%) 40 4days  93.3 | 104.2 | 104.2 103- 96.7  99.5- 98.6 | Karami et
104.4 104.1 al., 2017
HNO3 (69%) 25 4 days | 68.9 879 86.3 919- 933 0 99.9 | Karami et
93.9 al., 2017
HCI (37%) 25 4days | 78.5| 100.7 | 102.6 | 106.3- | 89.6  3.9-5 100 @ Karami et
108.4 al., 2017
H.0: (35%) 50 4days  81.6 105.4 1025 97.3- 995 84 - 98.3  Karami et
99.5 87.1 al., 2017
HNOs (69%) 25, 100 1 day, 2 nt| 93.6- n.t n.t n.t 0- 99.85 | Claessens et
hours 97.9 98.3 al., 2015

10  NA =not applicable; n.t = not tested
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11

12

13

14

Table 5. Important Absorbance bands and assignments for ATR-FTIR spectra: polycarbonate,

acrylic, poly(ethylene terephthalate), polystyrene, polyester, and natural and man-made cellulose

fiber ATR-FTIR spectra.

Material Absorption Assignment References
Bands (cm-1)
Polycarbonate 2966 CH stretch Jung et al., 2018
1768 CO stretch
1503 Aromatic ring
stretch
1409 Aromatic ring
stretch
1364 CH3 bend
1185 CO stretch
1158 CO stretch
1013 Aromatic CH
in-plane bend
828 Aromatic CH
out-of-plane
bend
acrylic 2240 CN stretch Causin et al., 2005
1720 CO stretch
1370 CH stretch
Poly(ethylene teraphthalate) 713 CO stretch Jung et al., 2018

38




1241 CO stretch

1094 CO stretch

720 Aromatic CH
out-of-plane
bend

Polystyrene 3024 Aromatic CH | Jung et al., 2018

stretch

2847 CH stretch

1601 Aromatic ring
stretch

1492 Aromatic ring
stretch

1451 CH2 bend

1027 Aromatic CH
bend

694 Aromatic CH
out-of-plane
bend

537 Aromatic ring
out-of-plane
bend

Polyester 2969, 2907 CH stretch Peets et al., 2017

1711 CO stretch

1504 Aromatic ring
CC stretch

1472, 1405, CH bend

1340
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1241 Ester's CO
Stretch

1093 CO stretch

871 Aromatic ring
CH bend

718 CH bend, CH
rock in CCH2
fragment

Manmade cellulose fibers 3487 OH Comnea-Stancu et al.,

stretching, 2017
intra and inter
H bonds

3445 OH
stretching,
intra and inter
H bonds

2892 CH stretch

1640 HOH bend of
absorbed
water

1420 HCH, OCH
bend

1364 symmetric
CH3
deformation

1335 OH bend

1313 CH wagging

1263 CH bend
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1230 COH bend

1199 OH bend

1156 CcocC
antisymmetric
stretch

1057 CcocC
symmetric
stretch

1023 CO stretch

Natural cellulose fibers 3330 OH Comnea-Stancu et al.,

stretching, 2017
intra and inter
H bonds

3289 OH
stretching,
intra and inter
H bonds

2897 CH stretch

1735 CO stretch

1640 HOH bend of
absorbed
water

1458 OH bend

1425 HCH, OCH
bend

1366 symmetric
CH3
deformation

1335 OH bend

1317 CH wagging
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15
16

1279 CH bend

1247 CC,CO, CO
stretch

1203 OH bend

1160 CcOoC
antisymmetric
stretch

1105 CcOoC
antisymmetric
stretch

1030 CO stretch
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Figure 4. Spectra for recovered cellulose fibers: FTIR-ATR Spectra for three representative

cellulose fibers recovered from blue crabs sampled from Corpus Christi Bay.
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Figure 5. Spectra for recovered polyester fibers: FTIR-ATR Spectra for three polyester fibers

recovered from blue crabs sampled from Corpus Christi Bay.
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Figure 6. Spectra for recovered acrylic fibers: FTIR-ATR Spectra for two suspected

acrylic/acrylic blend fibers recovered from blue crabs sampled from Corpus Christi Bay.
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Figure 7. Spectra for recovered fragments and film: FTIR-ATR Spectra for A) a polycarbonate

fragment B) phenoxy resin film C) PETE fragment recovered from blue crabs sampled from

Corpus Christi Bay.
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