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Abstract: Microplastics are tangible particles of less than 0.2 inches in diameter that are ubiquitously
distributed in the biosphere and accumulate in water bodies. During the east-coast hot summers
(23–29 ◦C) of 2021 and 2022, June through September, we captured copious amounts of the jellyfish
Chrysaora chesapeakei, a predominant species found in the Patuxent River of the Chesapeake Bay
in Maryland on the United States East Coast. We determined that their gelatinous bodies trapped
many microplastics through fluorescent microscopy studies using Rhodamine B staining and Raman
Spectroscopy. The chemical nature of the microplastics was detected using gas chromatography–
mass spectroscopy headspace (SPME-GC-MS) and solvent extraction (GC-MS) methods through a
professional commercial materials evaluation laboratory. Numerous plastic-affiliated volatile organic
compounds (VOCs) from diverse chemical origins and their functional groups (alkanes, alkenes,
acids, aldehydes, ketones, ethers, esters, and alcohols) along with other non-microplastic volatile
organic compounds were observed. Our findings corroborate data in the available scientific literature,
distinguishing our finding’s suitability.

Keywords: plastic functional groups; SPME-GC-MS; contaminants; hydrostatic skeleton; rhodamine
B (RhB); jellyfish tentacle; bioaccumulation

1. Introduction

Microplastics are made of hydrocarbons, and they include polyamide (PA), polystyrene
(PS), polyethylene (PE), polyvinyl chloride (PVC), and polyethylene terephthalate (PET).
Upon degradation due to environmental weathering (temperature, ultraviolet light, chemi-
cal reaction) or microbial decomposition, they generate volatile organic compounds (VOCs)
that are distributed within different environments. When the environmental weathering of
plastic debris releases volatile organic compounds (VOCs), it further threatens ecosystems
and harms biota and human health [1]. VOCs have a low water solubility, semi-volatility,
and high lipid solubility, enabling them to pass through biological membranes to accumu-
late in fatty tissues [2].

In our biosphere, microplastics (MPs) increase exponentially and deposit at 575–1008
various-sized microplastic particles/m2/day [3]. The distribution of microplastics in
the ocean is always under dynamic equilibrium, and their movement can be vertical or
horizontal due to factors associated with tides, salinity, temperature, and winds [3]. As
plastic debris becomes exposed to environmental weathering, it degrades due to photo-
oxidative, thermal, and hydrolytic processes, often resulting in the fragmentation of the
polymeric material into microparticles made of volatile organic compounds [2,4].

One hundred fifty million tons of plastic materials are estimated to be dispersed in
the world’s oceans and accumulate in subtropical latitudes of the ocean basins [5,6]. MPs
are found worldwide in sediments, floating material in oceans, estuaries, and coastal areas,
as well as in freshwaters and soils [7–10]. Primary MPs directly enter oceans through
freshwater waterways carrying domestic wastewater [11,12].
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Due to their hydrophobic surface, MPs are vectors for transporting contaminants to
organisms but also release harmful substances such as additives or residual monomers,
enhancing the toxicity effects in marine organisms [13–15]. In particular, the marine
environments present the final sink for the irresponsible disposal of plastic waste [16].
These facts are critical to human health since MPs ingested by fish and shellfish easily
contaminate the human food chain [17,18].

This study focuses on microplastics, and their residual volatile organic compounds
found within the Chrysaora chesapeakei (C. chesapeakei) of Chesapeake Bay, Maryland. Sig-
nificantly, C. chesapeakei is not limited to the Chesapeake Bay but lives in several different
types of water, including the open ocean, brackish water, bays, and estuaries. Even though
named after the Chesapeake Bay, the same species also dwells in many bays and estuaries
along the U.S. East Coast and the Gulf of Mexico, further affecting those food webs with
microplastics embedded in its fatty tissue [19]. This study is crucial because the food chain
of the C. chesapeakei can directly impact biota.

Research has shown that microplastics are abundant in Chesapeake Bay, readily
ingested by several zooplankton taxa, and have associated negative impacts on biological
processes. Zooplankton in the Chesapeake Bay is a crucial food for jellyfish like the
C. chesapeakei [20].

Also, benthic invertebrates—the small animals, such as clams, worms, and crustaceans,
that live on or in the bottom substrate of a water body—are known to ingest microplastics
involuntarily, which reduces their somatic growth, delays metamorphosis, and lowers their
reproductive output [21–25]. They are also known to be effective marine planktonic predators
that initiate trophic cascades [26–29]. These organisms ingest plastic debris [30–32] and chemicals
that may enter aquatic ecosystems [33].

C. chesapeakei

Similarly, C. chesapeakei, of the cnidaria phylum, is an invertebrate that dwells in
various water depths from the bottom to the top of the Patuxent River, Chesapeake Bay,
during the summer months of June through early September when the water temperature
ranges from 22 to 25 ◦C. The stages of its growth are polymorphic and sessile in the polyp
stage but mobile in the medusa stage. Stages of their development can range from the
bottom of the estuary floor to a higher water depth level, depending on where their eggs
can latch onto and develop. For example, they develop on oyster and clam shells as their
eggs float and land on the solid shell with a strong foundation to grow. They can grow
on any ocean debris as well. They can live for up to six months in the wild with incessant
feeding dependent upon a sequence of chemically mediated behaviors, triggering (a) a
discharge of cnidocytes by compounds usually associated with cell membranes, mucin,
and chitin of the prey, such as N-acetylated sugars; (b) a retraction of tentacles triggered
by endogenous compounds to move captured prey to the mouth; and (c) an ingestion of
the prey, promoted by a reversed ciliary beating on the mouth and pharynx [34–37]. Their
different growth development stages in the water allow them to encounter microplastics at
different water column depths and their different growth stages.

2. Microplastic Movements and C. chesapeakei

Microplastics move with water currents due to their lightweight and specific chemical
and physical properties, giving jellyfish involuntarily or voluntarily abilities to capture
microplastics within their gelatinous bodies [38,39]. C. chesapeakei fares better than many
other sea creatures in the eutrophic polluted waters of the Patuxent River as they do not
need much oxygen to flourish within dead zones and have a minimal threat of predators.
Moreover, marine pollutants induce feeding behaviors in the C. chesapeakei of the Cnidaria
(phylum) [40–43]. Since microplastics cannot decompose in the Patuxent River’s water
temperatures of 6.5 ◦C to 26 ◦C, they can become trapped by jellyfish through vortex
pressures [44–47].
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3. Material and Methods

3.1. Sample Collections

The Patuxent River empties into the west side of Chesapeake Bay, 89.3 miles above the
Virginia Capes. Commercial traffic consists chiefly of shellfish and shells and petroleum
products. The river has natural depths of 25 to 30 feet in the approach, 30 to over 100 feet
for 16 miles upstream. During the hot summers (23–29 ◦C) of 2021 and 2022, approxi-
mately forty C. chesapeakei of various sizes were collected using a twenty-foot handle metal
strainer, and all river water was drained from the jellies. C. chesapeakei collection sizes and
experimental methods were humane.

The coordinates of the collection were as follows (Figure 1):

A. 38◦23.104 N, 076◦30.025 W;
B. 38◦23.470 N, 076◦29.584 W;
C. 38◦26.170 N, 076◦29.386 W;
D. 38◦25.481 N, 076◦29.372 W.
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Figure 1. The sampling area (Patuxent River) and its location relative to Chesapeake Bay, MD. The
green triangle represents the location of the Pearl of Morgan State University. The red stars represent
the stations where samples of C. chesapeakei were collected.

3.2. Contamination Prevention

All the various jellyfish caught, totaling 1478 mL (50 oz), were placed in two separate
sterile 100 oz. glass jars; approximately 25 oz. (about 739.34 mL), a small amount of 100%
glycerol (0.01), was added to the samples, and they were then frozen at –20 degree Celsius
until aliquots were needed for examination. Small- and medium-sized C. chesapeakeis were
humanely captured with the least amount required at the coordinates mentioned in this
study. Their medusas ranged from 1/2 inches to 2 inches per diameter.
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4. Procedures

4.1. Identification of Native Microplastic in Jellyfish (Before GC-MS)

Rhodamine B Staining

Microplastics are transparent and invisible under an optical microscope. To track the
distribution of MPs on the jellyfish membrane, they were stained with RhB. The purpose
of using the RhB stain is that it is a polar solvent-soluble stain that will not interfere with
microplastics and adheres to microplastics to provide a pinkish stain that is fluorescent.

Before using the slides, they were washed with distilled water to avoid airborne
microplastics. We developed a procedure for microplastic staining and the jellyfish used in
this study [45]. In brief, a portion of the jellyfish tissue from the field was placed on the
distilled water-washed glass slides, and then a drop of 0.01% RhB in an ethanol stain was
added. Clean glass sterile coverslips were applied. After an hour of incubation, the slides
were visualized under an LED microscope.

The jellyfish captured weighed approximately 0.89 oz/per inch since jellyfish are an
aqueous species. An amount of 75 mL of various sizes of jellyfish (0.01 percent RhB and
ethanol) was added and then observed on 100 microscopic slides separately aliquoted
with a glass dropper in 0.10 mL per microscopic slide. Each 0.10 mL liquid aliquoted
to the microscopic slides was dried (for at least one hour) and then separately observed
under the optical and LED microscopes. The RhB staining technique enables the inex-
pensive identification of various microplastics under an optical microscope, as noted by
Tong et al., 2021 [48]. We observed jellyfish tissue centrifuged and digested with 30%
hydrogen peroxide and tissue non-digested with no centrifugation. All of them visually
contained microplastics with RhB staining.

4.2. Microplastic Identification Imaging

On a conservative average, there were ten visual pieces of MP per 0.10 mL of jellyfish
per separate microscopic slide, which amounted to 1000 microplastics per 10 mL of the
Chrysaora chesapeakei jellyfish.

A notable sample of a tentacle from the jellyfish inundated with MPs and the RHB
staining identifying the MPs is imaged below. There was no digestion, as it would have
destroyed the physical structure of the tentacle. The images collected reflected the fluores-
cence system at an excitation wavelength range of approximately 450–490 and 515–565 nm
(Figures 2 and 3).
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Figure 3. Mapped sizes found in a piece of tentacle from C. chesapeakei from the field in July 2021.
The MP size and location within fluorescence mapping using Nikon Eclipse 90i upright microscope
equipped with BF, FL, and DIC optics, a motorized focus, and a Nikon 100W mercury power
supply; a Lumenera 3 digital camera; Image-Pro Plus image analysis software; and a Dell OptiPlex
5040 workstation.

The photo below shows an abundance of at least 60 microplastics sized 0.32 µm to
33.0 µm trapped and held within one very small C. chesapeakei’s (caught directly from the
field) tentacle. The C. chesapeakei either as prey or involuntarily trapped the MPs as it came
into bodily contact with the enormous amount of microplastics present in the Patuxent
River of the Chesapeake Bay water column.

Our initial research demonstrated that various microplastics were present in
C. chesapeakei, as shown in Figure 4 (60 pieces of microplastics in one partial C. chesapeakei
tentacle); thus, we sought to then investigate further what were the chemical molecules
of these microplastics and if they are volatile organic compounds. Moreover, we sought
to review how it may impact the food web hierarchy of the C. chesapeakei since it is in the
Chesapeake Bay, Patuxent River, where a significant number of fish and shellfish that eat
the C. chesapeakei are frequently consumed by human beings.
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Figure 4. A total of 60 pieces of microplastics found in the small tentacle from Figures 2 and 3 are
shown above with MPs sized 0.32 µm to 33.32 µm contained within the C. chesapeakei tentacle.

4.3. Gas Chromatography Studies for Volatile Organic Compounds

From the confirmed results of microplastics within the jellyfish, we sought to develop
an analytical procedure for determining the volatile organic compounds released and
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present from the degradation process of plastic debris found in the jellyfish. The method to
capture volatile organic compounds captured in the C. chesapeakei from the Patuxent River,
Chesapeake Bay, was based on gas chromatography/mass spectrometry (GC–MS), which
utilized the headspace-Solid-Phase Micro-Extraction technique and also the methanol
solvent extraction method. We determined that since chromatography/mass spectrometry
(GC–MS) is commonly used to determine VOCs from direct contact with microplastics,
we sought to investigate whether this method could detect VOCs from within the mucous
body of the Chrysaora chesapeakei. Our results confirmed the presence of volatile organic
compounds in the samples of the C. chesapeakei investigated. To the best of our knowledge,
no other studies of the VOCs emitted from MPs from within Chrysaora chesapeakei have been
conducted using the GC-MS method and/or have been reported to date in the literature.

4.4. GC-MS Techniques

All data were collected using a Thermo Fisher Scientific Trace 1310 Gas Chromatograph
(GC) instrument equipped with a single-quadrupole mass spectrometer (MS, ISQ7000)
along with a Flame Ionization Detector (FID) and Thermal Conductivity Detector (TCD) and
performed at the Anderson commercial material evaluation laboratory in
Columbia, Maryland.

4.4.1. Headspace-SPME-GC-MS Method

An RTX-200 capillary column (29.45 m length × 0.25 mm I.D × 0.25 µm film thickness)
was used for analysis. The contents of the jellyfish sample were analyzed by the headspace-
Solid-Phase Micro-Extraction technique. The sample was taken in a 15 mL SPME vial.
The vial was immersed in a water bath and heated to 80 ◦C and held at 80 ◦C for 30 min.
Later, the SPME fiber was exposed to the sample (held over the sample without any
contact with the sample) for 20 min to adsorb all the volatile organic compounds from the
sample. Finally, the fiber was injected in the GC inlet port (inlet port temperature—260 ◦C)
to desorb the volatile organic compounds into the GC column. The GC oven (column
temperature) was kept at 40 ◦C for 1 min after the injection of the sample. The temperature
was then increased to 280 ◦C at a rate of 20 ◦C/min and maintained at this temperature for
1 min. During the analysis, helium (1.4 mL/min) was used as the carrier gas. Qualitative
analysis was performed using the National Institute of Standards and Technology (NIST)
17 MS library. Based on the relative area percent for each compound, a semi-quantitative
analysis was performed (area of a peak is proportional to the amount of compound reaching
the detector).

4.4.2. Solvent Extraction Method

An RTX-200 capillary column (29.45 m length × 0.25 mm I.D × 0.25 µm film thickness)
was used for analysis. The organic chemicals used from the jellyfish were methanol in
the solvent extraction method. One microliter (µL) of the extracted solution was then
injected into the GC with a 20:1 split. The GC oven was kept at 40 ◦C for 1 min during
the injection of the sample. The temperature was then increased to 280 ◦C at a rate of
20 ◦C/min and maintained at this temperature for 2 min. During the analysis, helium
(1.4 mL/min) was used as the carrier gas. Qualitative analysis was performed using
the NIST 17 MS library. Based on the relative area percent for each compound, a semi-
quantitative analysis was performed (area of a peak is proportional to the amount of
compound reaching the detector).

5. Results

Table 1 lists the microplastic volatile organic compounds (VOC) found with GC-MS
defined in the published papers and discovered in the Chrysora chesapeaki specimens while
also utilizing GC-MS techniques. Our results have broken the result down into functional
groups to include aromatic compounds, esters, ethers, ketones, aldehydes, alcohols, alkanes,
alkenes, and siloxanes (Table 1).
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Table 1. GC-MS identification of MP volatile organic compounds from C. chesapeakei with publication
verification of the VOC as a microplastic volatile compound with method distinguished as either
SPME or MeOH.

Volatile Organic Compounds from within the C. chesapeakei Publications Verifying the MP VOC Distinction

Ketone (SPME)
Heptanone Cabanes et al., 2020 [48]

Aldehyde (SPME)
Octadecanal Cababes et al., 2020 [48], Han et al., 2020 [49]

9-Octadecenal, (Z)- Cababes et al., 2020, Han et al., 2020
13-Methyltetradecanal Cababes et al., 2020, Han et al., 2020

trans-2-Nonenal Cababes et al., 2020, Han et al., 2020
Nonanal Cabanes et al., 2020, Han et al., 2020,Fabris et al. 2008 [50]

Benzeneacetaldehyde (Cababes et al., 2020, Han et al., 2020)
Hexadecanal Cababes et al., 2020

Vanillin Phenolic Cababes et al., 2020, Han et al., 2020, Stragel et al. 2017 [51]
Lilac aldehyde D

Octanal Cabanes et al., 2020, Han 2020, Fabris et al., 2008
Alcohols (SPME)

(R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol Cabanes et al., 2020, Camacho and Karlsson 2000 [52]
12-Methyl-E, E-2,13-octadecadien-1-ol Camacho and Karlsson 2000 [53]

Ethanol, 2-(9-octadecenyloxy)-, (Z) Cabanes et al., 2020, Han et al., 2020
1-Undecanol Han et al., 2020
2-Decen-1-ol Cabanes et al., 2020

1,3,5-Pentanetriol, 3-methyl
trans-2-Ethyl-2-hexen-1-ol Cabanes et al., 2020, Han et al., 2020

trans-2-Dodecen-1-ol Cabanes et al., 2020, Camacho and Karlsson 2000
Alkanes (SPME)

Decane, 2,3,5,8-tetramethyl Chen et al. 2020 [54], Han et al., 2020
9-Oxabicyclo [6.1.0] nonane Cabanes et al., 2020, Han et al., 2020

Peroxide (SPME)
2,5-Dimethylhexane-2,5-dihydroperoxide Han et al., 2020

Alkene (SPME)
5-Ethyl-1-nonene Cabanes et al., 2020

Cyclohexene, 1,5,5-trimethyl-6-acetylmethyl He et al., 2015 [55]
Siloxanes (SPME)

Cyclononasiloxane, octadecamethyl Curran and Strlic 2015 [56], Huang et al. 2016 [57]
Cyclohexasiloxane, dodecamethyl Huang, Zhen, Lin, Peng et al. 2016

Cyclotrisiloxane, hexamethyl Huang, Zhen, Lin, Peng et al. 2016
Ester (SPME and MeOH)

3-Trifluoroacetoxypentadecane Nerin et al., 2001 [58]
9,12,15-Octadecatrienoic acid, 2-(acetyloxy)-1-[(acetyloxy)methyl] ethyl

ester, (Z, Z,Z) Camacho and Karlsson 2000

Aromatic (SPME)
1,1-Biphenyl, 3,4-diethyl Camacho and Karlsson 2000

Acids (MeOH)
Acetic acid Cabanes et al., 2020

Tetradecanoic acid Cabanes et al., 2020
9-Hexadecenoic acid Cabanes et al., 2020, Camacho and Karlsson 2000

Z-8-Methyl-9-tetradecenoic acid Cabanes et al., 2020
n-Hexadecanoic acid Cabanes et al., 2020, Camacho and Karlsson 2000

Dodecanoic acid, 3-hydroxy Cabanes et al., 2020, Camacho and Karlsson 2000
n-Hexadecanoic acid Cabanes et al., 2020, Camacho and Karlsson 2000

Oleic Acid Mihreteab et al. 2019 [59]
Octadecanoic acid MeOH Cabanes et al., 2020, Fabris et al., 2008, Camacho Karlsson 2000

Ether (SPME)
Furan, 2-pentyl Cyclic Cabanes et al., 2020

6. Discussion

Marine microplastic litter of the Patuxent River, Chesapeake Bay, is a primary concern
since it accumulates high hydrophobic organic and inorganic pollutants in a short time,
making them an ideal attraction for the gelatinous body of the C. chesapeakei [60–63].
Consequently, the short accumulation period gives ample time for the C. chesapeakei, during
its short life cycle of no longer than six months in the wild, to accumulate microplastics as
it floats through the water column [63–65].

Earlier science publications guided this research to define specific volatile organic
molecules derived from microplastics utilizing extraction with the direct injection of the
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jellyfish fluid into the GC-MS headspace (SPME) as well as the GC-MS MeOH techniques
(Figures 3 and 4), verifying that microplastic volatile organic compounds can become
trapped in the C. chesapeakei jellyfish [49–59]. The total ion currency (TIC) graphs in
Figures 5 and 6 show that the VOC detection derived from the headspace GC-MS SPME
direct injection technique was much more sensitive in capturing the presence of all types
of VOCs. Compared to the MeOH application, which mainly detected alkenes and acids.
SPME GC-MS detected many ketones, acids, aldehydes, alcohols, esters, alkanes, and
alkenes. The TIC graphs provide the spectra of both. In addition, Tables 1 and 2 also show
functional group differences detected between these two GC-MS applications.
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Table 2. Relative area percentage of MP VOCs using SPME and MeOH.

Chemical Groups SPME MeOH

Ketone 0.25
Aldehydes 25.81
Alcohols 6.63
Alkanes 7.57

Siloxanes 4.8
Esters 0.3

Alkene 0.6 3.71
Aromatic 0.08

Acid 3.06 30.71
Ether 0.11
Other 50.79 65.58

The GC-MS (SPME) method enabled precise recoveries for various microplastic VOCs.
Between the detectors, the SPME-GC-MS method detected a higher amount of volatile or-
ganic compounds from microplastic within the jellyfish as listed from Table 1. Our GC-MS
results of volatile organic microplastic compounds from within the C. chesapeakei are identical
to MP VOCs reported in previous publications (Table 1). The total molecular MP VOC pro-
file in Table 1 is broken into groups listed here: Ketone-Heptanone; Aldehydes-Octadecanal
9-Octadecenal, (Z)-13-Methyltetradecanal trans-2-Nonenal Nonanal, Benzeneacetaldehyde,
Hexadecanal, Vanillin Phenolic, and Lilac aldehyde D Octanal; Alcohols-(R)-(-)-(Z)-14-Methyl-
8-hexadecen-1-ol, 12-Methyl-E, E-2,13-octadecadien-1-ol,Ethanol, 2-(9-octadecenyloxy)-, (Z),
1-Undecanol, 2-Decen-1-ol,1,3,5-Pentanetriol, 3-methyl trans-2-Ethyl-2-hexen-1-ol, 6 trans-2-
Dodecen-1-ol; Alkanes Decane, 2,3,5,8-tetramethyl, and 9-Oxabicyclo [6.1.0] nonane; Peroxide-
2,5-Dimethylhexane-2,5-dihydroperoxide; Alkenes -5-Ethyl-1-nonene Cyclohexene and 1,5,5-
trimethyl-6-acetylmethyl; Siloxanes-Cyclononasiloxane, octadecamethyl, Cyclohexasiloxane,
dodecamethyl, Cyclotrisiloxane, hexamethyl Ester 3-Trifluoroacetoxypentadecane, 9,12,15-
Octadecatrienoic acid, 2-(acetyloxy)-1-[(acetyloxy)methyl] ethyl ester, and (Z, Z,Z); Aromatic-
1,1-Biphenyl and 3,4-diethyl; Acids-Acetic acid Tetradecanoic acid, 9-Hexadecenoic acid, Z-8-
Methyl-9-tetradecenoic acid, n-Hexadecanoic acid, Dodecanoic acid, 3-hydroxy n-Hexadecanoic
acid, Oleic Acid, and Octadecanoic acid; Ethers-Furan, and 2-pentyl Cyclic.

6.1. How Does the Chrysaora chesapeakei Microplastic Content Reach the Human Population from
the Chesapeake Bay?

When the C. chesapeakei comes into contact voluntarily or involuntarily with abun-
dant microplastics in the water, they become embedded in the jellyfish. The C. chesapeakei
is consumed directly by crabs, swordfish, sharks, snappers, tuna, sunfish, and flounders
(Figure 7). Humans then often directly consume these common fish and shellfish. Microplas-
tics are well known to negatively impact humans and other aquatic animals biochemically.

The Patuxent River’s significant presence of microplastics in Chesapeake Bay, MD,
increases C. chesapeakei’s vulnerability and exposure to floating microplastics and their
VOCs. Notably, the jellyfish’s gelatinous bodies capture and accumulate microplastics
from their surrounding environment. The VOCs released from C. chesapeakei jellyfish
are known to be from many types of microplastic synthetic materials made of organic
polymers whose chemical structure allows the production of a wide variety of resins
such as polystyrene (PS), polyethylene terephthalate (PET), polyurethane (PU), polyvinyl
chloride (PVC), polyethylene (PE), and polypropylene (PP). The release of VOCs due to
the degradation of polymers is well known; for instance, the degradation of polyolefins
generates VOCs belonging to the families of lactones, esters, ketones, and carboxylic
acids, with the consequent reduction in molecular weight [66–68]. The MPs found in the
C. chesapeakei were of reduced weight and size and produced molecules found in plas-
tic VOCs.
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Our objective was reached, which distinguished the chemical composition of mi-
croplastics. Exact functional groups concerning MP were also distinctly observed from
the VOCs from the Chrysora chesapeakei. The compounds detected most were aldehy-
des, followed by alcohols and esters. The least volatile molecules detected were ethers
and peroxides.

The limitation of this study is that similar VOCs are derived from many different
plastics, thus reducing the ability to specify where each MP originated from in the rivers’
watery environment. Our analyses, while powerful, were demanding and expensive for
accurate VOC analysis.

The bigger picture is that the microplastics trapped and present in the gelatinous
tissue of the jellyfish demonstrate how harmful microplastics made of volatile organic
compounds enter the aquatic food chain since C. chesapeakei are readily eaten by swordfish,
flounder, hermit crabs, and sharks, which are then eaten commonly by humans. Through
the fundamental laws of bioaccumulation, MPs within the C. chesapeakei are a direct vector
to transfer VOCs throughout the food chain, resulting in its presence in foods consumed
by humans. Recent studies have determined that interactions between microplastics and
organic pollutants in aquatic environments can increase the toxicity of microplastics by a
factor of 10. Further, because of the MP’s high durability and lack of biodegradability, it
will disperse to those fish that eat the Chrysaora chesapeakei through the fundamental law of
bioaccumulation as bioaccumulation refers to the increase in a pollutant, like microplastics,
in an organism over time [69].

6.2. C. chesapeakei Tentacle from the Field

The capture of MP in the C. chesapeakei tentacle directly from the field in Figures 2 and 3
demonstrates how the abundance of MPs becomes trapped in the smallest of spaces on the
C. chesapeakei. JF, being 95% aqueous, is evaluated as a liquid; thus, our 100 slides with 0.10 mL
per slide amount to approximately one thousand pieces of microplastic conservatively in 10 mL
(0.33 oz (0.64 cu in)) of jellyfish. One small to medium medusas of jellyfish is usually 0.5 cu to
2 cu in inches, and the tentacles can be up to 12 inches long. An enormous amount of MP is
present and trapped in one exceedingly small partial tentacle.
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6.3. Volatile Compound Adverse Effects

The volatile organic compounds (VOCs) derived from MPs are significant contami-
nants in water matrices. Such VOCs are directly connected to physiological adverse effects
on the human body, such as cancer, genetic mutations, eye irritation, nasopharyngeal
mucosa, dizziness and headache, and short-term memory loss. MPs are considered a vector
for transporting contaminants to organisms but can also release harmful substances such as
additives or residual monomers, enhancing the toxicity effects in marine organisms [13–15].

In our jellyfish aquatic samples, the VOC molecules reported are in the range for the
trace determination of VOCs. Research publications with reference to sampling, sampling
preparation, method development, and analysis of diverse VOCs have defined and guided
the chemical profile for the jellyfish’s microplastic VOCs. Direct aqueous injection through
SPME GC-MS in our research recovered an immense amount of MP VOCs present com-
pared to the MeOH GC-MS. It was successfully applied to the aqueous analysis of the
jellyfish, which is made of 95 percent water. Further research on C.chesapeakei could help us
understand microplastics by observing the effects of specific volatile organic compounds
on the jellyfish [69].

7. Conclusions

C. chesapeakei’s hydrostatic skeleton and its gelatinous bodies capture floating mi-
croplastics to accumulate in their bodies. Chemically, plastics are polymers of hydrocarbons
and volatile compounds that can cause damage to biota and human cells upon releasing
toxic chemicals. Microplastics trapped in the gelatinous tissue of the jellyfish demonstrate
how harmful microplastics made of volatile organic compounds can enter the aquatic food
chain since C. chesapeakei is readily eaten by swordfish, flounder, hermit crabs, and sharks,
which are then eaten commonly by humans. The degradation of microplastics through de-
polymerization can release VOCs in acidic environments and at low temperatures [70–72].
Recent literature has verified the toxic effects of MPs on human cell lines; moreover, people
with tiny plastic particles lodged in blood vessels are more likely to experience heart attack,
stroke, or death [73–76]. Further research on the effect of microplastic VOCs would assist
in determining how microplastics continue impacting biota, human cells, and tissues.
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