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Microplastics are created for commercial use, are shed from textiles, or result from the breakdown of larger
plastic items. Recent reports have shown that microplastics accumulate in human tissues and may have adverse
health consequences. Currently, there are no standardized environmental monitoring systems to track micro-
plastic accumulation within human tissues. Using Raman spectroscopy, we investigated the temporal exposures
to plastic pollution in Hawai'i and noted a significant increase in the accumulation of microplastics in discarded
placentas over the past 15 years, with changes in the size and chemical composition of the polymers. These
findings provide a rare insight into the vulnerability and sensitivity of Pacific Island residents to plastic pollution

and illustrate how discarded human tissues can be used as an innovative environmental plastic pollution

monitoring system.

1. Introduction

Plastic products have become a ubiquitous and essential part of
modern society owing to their physiochemical properties, mass pro-
duction, and convenience. Packaging containers and storage materials,
single-use water bottles, sterile medical supplies, and clothing made of
plastic materials have become an integral part of everyday life. Global
plastic production has increased exponentially from under 2 Megatons
(Mt) in the 1950s to more than 400 Mt in 2022 (Landrigan, 2023).
Worldwide, only 9% of plastic waste is recycled, while 22% is polluted
into the environment as macro- and microplastic waste (OECD, 2022).
Macroplastic pollution is degraded by physical elements (e.g., sun, heat,
wind) and chemical agents (e.g., acid, salt, chlorine) into microplastic
(MP) particles (1 pm to 5 mm) which accumulate in the environment
over time (Hale et al., 2020). This rapid increase in environmental
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pollution by commercial plastics has a combined impact on climate
change, marine ecosystems, and ultimately public health.

Recently, there have been reports of MP accumulation in the human
gut, lungs, and bloodstream (Ibrahim, 2021; Jenner, 2022; Leslie, 2022).
However, even more alarming are the recent discoveries of MP in the
human reproductive system, such as the male testis (Zhao, 2023),
mammary glands (breastmilk) (Ragusa, 2022), and placental tissue
(Ragusa, 2021). Nonetheless, the impact of MP accumulation in human
tissues and the effect on population health is still largely unknown
(Haram, 2020; Academies and of Sciences Engineering and Medicine,
2022; Sun, 2020). Currently, there are no established systems to track
environmental sources, sources of plastic, circulation of plastic pollu-
tion, or MP bioaccumulation in human tissues. While it has been
postulated that plastic ingestion by marine wildlife could serve as a
marker of marine health and coastal environments (Savoca, 2022), there
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are no such bioindicators to monitor human exposure to MP (Academies
and of Sciences Engineering and Medicine (U.S.), 2022).

The human placenta is a transient organ that serves as the interface
between the maternal and fetal circulatory systems during pregnancy,
but also as a barrier that protects the fetus from deleterious pathogens in
the maternal environment (Burton and Fowden, 2015; Burton and
Jauniaux, 2023; Holder, 2021). Since the placenta is expelled after birth
and has been proposed to serve as a biosensor of the perinatal envi-
ronment (Reiter and Lee, 2012), we hypothesized that archived pla-
centas could be retrieved to detect, measure, and track the temporal
exposure to MP pollution in pregnant women in the State of Hawai'i.
Situated geographically at the crossroads of the Continental USA and the
Asia-Pacific region, Hawai‘i is ranked the most diverse state in the USA
with a 76% diversity index (U.S.C. Bureau, 2021) and a population that
includes Hawai'‘ian/Part-Hawai‘ian, Asians, and other Pacific Islanders.
One hundred percent of Hawai'i residents live in coastal shoreline
counties (N.O.A.A. Administration, 2013) and the islands harbor a
geographically closed ecosystem with a linear economy while being
exposed to ocean currents carrying circulating plastic debris. Micro-
plastic intake is postulated to occur via ingestion, inhalation, and dermal
contact. In Hawai'‘i, seafood consumption is high compared to the na-
tional average, where almost 50% of the population eats at least 8 oz per
week, which would be associated with an increase in ocean MP exposure
and accumulation. Additionally, most agricultural products consumed
in Hawai‘i are not grown locally but shipped in plastic containers.
Another frequent exposure route is through the use of skin cosmetics
containing microplastics particles (Domenech and Marcos, 2021; Enyoh,
2020; Baker et al., 2020). In summary, unique coastal communities are a
rich source of data to learn about the effects of plastic use on human
health.

We aimed to assess MP exposure during pregnancy, using the
placenta as a bioaccumulation assay. Additionally, we determined
whether the increase in plastic pollution over the past two decades
parallels a rise in MP accumulation in human placentas from the largest
maternity hospital in the State of Hawai'i. The results of this study have
implications for coastal communities and Native Hawai‘ian and Pacific
Islander populations, which are largely under-represented in other
contemporary cohort studies.

2. Material and methods
2.1. Retrieval of archived frozen placenta samples

The Hawai'i Reproductive Biospecimen Repository (HRBR) contains
over 9000 triads of maternal blood, fetal blood, and placental tissue
from births at Kapi‘olani Medical Center for Women and Children
(KMCWC), which is linked to clinical data from their respective elec-
tronic medical records. The HRBR was supported by National Institute
on Minority Health and Disparities and was approved by the Western
Institutional Review Board (WIRB Study Number #1107593). After
clearance by the medical team, placentas were transported to the HRBR
in phosphate buffer saline (PBS). The HRBR sample collection protocol
(not plastic-free) consisted of incising 50 g of placental tissue from 2
cotyledons obtained equidistantly from the umbilical cord insertion site
and the edge of the placenta. Selected cotyledons were excised, cut into
smaller pieces, placed into a 50 mL polyethylene (PET), and placed into
a —80 °C freezer for long-term storage without any additive or cryo-
preservation solutions. For the present study, a total of 20 placental
samples were retrieved (n = 10/2006 and n = 10/2013) and compared
to fresh placentas (n = 10) collected in 2021. The exclusion criteria
included gestational diabetes, hypertension, chorioamnionitis, pre-
eclampsia, preterm labor, any other identified maternal medical con-
ditions, known fetal aneuploidy, fetal growth restriction, placentas sent
to the Pathology Department for clinical indications, and placentas
being taken home by the patient for traditional Hawai‘ian birth practice.
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2.2. Prospectively collected fresh placenta samples

Since the HRBR archived samples were stored long term and
defrosted in polyethylene tubes, fresh placental cotyledons (n = 10)
were prospectively collected from uncomplicated scheduled Cesarean
births at KMCWC in 2021 to serve as negative controls to compare with
the archived specimens (WIRB Study Number #1184793). The pro-
spectively collected samples used a protocol that avoided any contact
with plastic supplies such as drapes, gloves, or containers. The fresh
placentas were transferred into a surgical steel container with a surgical
steel cover and taken to the research laboratory for processing. A total of
two placental cotyledons (Alonso-Lopez et al., 2021) from each pla-
centa were excised using surgical steel scalpels and scissors with care to
avoid any plastic instruments and prolonged air exposure. The cotyle-
dons were cut into smaller fragments and were thoroughly washed in
glass-filtered phosphate buffer solution (PBS, 1.6 pm Whatman GF/A,
Sigma-Aldrich, St. Louis, MO, USA) in glass Petri dishes to avoid baseline
plastic exposure and processed under a culture hood to reduce airborne
MP contamination.

2.3. Extraction of microplastics from freshly collected and archival
placental tissue

For tissue digestion, the placenta samples were processed as
described by Ragusa and collaborators (Ragusa, 2021). The frozen
specimens from the HRBR were thawed and weighed. Approximately 50
g of each sample, both from thawed and fresh tissue, were thoroughly
rinsed in glass-filtered PBS. The cotyledons from all groups were
immediately immersed into a lidded glass bottle containing glass-
filtered 10% KOH solution (1:8, w/v) and incubated for 7 days at
room temperature (RT) to ensure complete digestion of all organic tissue
matter. The respective digestates were then filtered using a 1.6 pm pore
glass fiber filter membranes (47 mm; Whatman GF/A, Sigma-Aldrich, St.
Louis, MO, USA) to isolate any remaining inorganic particles (plastic
debris) for the analyses. The glass filters were dried at RT in a controlled
environment and stored in individual metal containers until they were
analyzed. For each sample, three control (blank) filters were prepared:
(Landrigan, 2023) a glass membrane filter exposed to the PBS used to
rinse the placental biopsies, (OECD, 2022) a glass membrane that had
been used to filter the KOH solution, and (Hale et al., 2020) a dry glass
filter membrane which was left exposed to air while the other test filters
were drying.

2.4. Analysis of microplastics by Raman spectroscopy

The dried glass filters were first inspected by light microscopy (20X
objective Olympus Plan Phase/0.4; Olympus PlanFL N 100X/0.95)
BXFM, Olympus, Japan), followed by particle characterization (XploRA
Raman spectrometry; spectral range 300-2200 em~!, 532 and 785
nm laser diodes, 600 lines per mm grating, Horiba, Japan). To stan-
dardize the area to be analyzed, a 4 cm? square at the center of each 47
mm diameter glass filter was utilized. To determine the number of MPs
per 50 g of placental tissue, assuming an even distribution of particles
over the filter area, we first calculated the total filtration area of the glass
filter (31 mm diameter; 754.8 mm? area). We then used the ratio of
analyzed area (400 mm?2) to total filtration area as a multiplicator to
extrapolate (number of MPs found per sample x multiplicator) the
number of MPs per 50 g of sample. Acquired spectra were dispersed onto
a 16-bit dynamic range Peltier-cooled CCD detector, and the spectrom-
eter was calibrated to the 520.7 cm ™ line of silicone prior to spectral
acquisition. Raw Raman spectra underwent polynomial baseline
correction and vector normalization to reduce noise and enhance spec-
trum quality (Labspec 6 software, Horiba). All the Raman spectra
detected were compared with those reported in the literature, including
the spectral library of the KnowItAll software (Wiley Science Solutions,
Hoboken, NJ, USA and the free SLOPP/SLOPPe libraries of known
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microplastics (Munno et al., 2020).

2.5. Atomic force microscope (AFM) measurements and Raman
spectroscopy

MP captured within the glass fiber filters was carefully isolated from
the filter mesh for AFM analysis. Individual images and measurements
were obtained using an Atomic Force Microscope (AFM Multiview
4000™, Nanonics, Israel) coupled with an optical microscope (Olympus,
Japan) and an XploRA spectrometer (Horiba, Japan). For the Raman
spectra acquisition, a 532 nm laser was focused on the center of each
microplastic particle through a x 50 objective (NA = 0.7). This com-
bination permitted lateral positioning of the AFM tip over the MPs with
micrometer-scale precision, allowing the acquisition of optical imaging,
topographic analysis, and diagnostic Raman spectroscopy.

All MP were imaged (256 x 256 pixels) in the tapping mode at a line
scan rate of 0.2 Hz, using a scanning tip with a typical radius of cur-
vature < 10 nm and a nominal frequency of 35 kHz. The AFM system
was acoustically isolated to reduce interference by ambient noise during
the measurements, and the instrument was secured on an active
damping table to suppress mechanical noise. The same objective was
used for collecting Raman scattered light after interaction with the
sample, in backscattering geometry. The frequency calibration was set
by reference to the 520 cm ™! vibrational band of a silicon wafer. Under
the same conditions, the MPs were measured in the spectral range of
120-4100 cm™ . To minimize laser-induced damage to the MPs, low-
power irradiation at the sample surface was used (5 mW, short expo-
sure time, 3 s laser exposure for 15 accumulations). The diffraction
grating of 600 lines per mm yielded a spectral resolution of 3 cm ™.

As described above, we used the spectral library of the KnowlItAll
software (Wiley Science Solutions, Hoboken, NJ, USA and the free
SLOPP/SLOPPe libraries of known microplastics to characterize each
particle analyzed. MP size measurements were defined by the largest
dimension, i.e., length, and assessed by Image J software analysis
(Munno et al., 2020).

2.6. Statistical analysis

Data analysis was performed by using the statistical software pack-
age Prism5 (Graphpad Software, Inc., San Diego, CA, USA). To deter-
mine the normal distribution of all data, a Kolmogorov-Smirnov test was
performed. One-way analysis of variance (ANOVA) using the Kruskal-
Wallis test with Dunns post-hoc test was performed as appropriate.
The significance threshold was set at p < 0.05.

2.7. Data availability Statement

The authors declare that all the data supporting the findings of this
study are available within the paper and its supplementary information
files. Additional data can be requested from the corresponding author.

3. Results
3.1. Detection of microplastic accumulation and particle size over time

MP particles were found in 6 out of 10 placentas (60%) in 2006, 9 out
of 10 placentas (90%) in 2013, and 10 out of 10 placentas (100%) in
2021 (Fig. 1).

Quality controls were performed using environmental blanks (air-
exposed crude filters) and procedural blanks (PBS and KOH exposed
filters, respectively) as described above (Supplementary Figs. 1 and 2).
We did not detect any MP contamination in the procedural blanks,
whereas some of the environmental blanks contained rare pieces of MP
fibers on the surface of the filter. Consequently, we disregarded surface
particles in the final examination, and only analyzed particles within the
glass filter itself which rendered normalization of the blanks redundant.
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Fig. 1. Temporal increase in the frequency (%) of placentas containing
microplastics (MP) by year of birth in Hawai’i: Microplastics were detected
in 60% of placental samples from 2006, in 90% of 2013 samples, and in 100%
of 2021 samples.

The average MP size from 2006 samples was 2.82 + 0.31 pm and rep-
resented the smallest of all the years with a range of 1 to 8 pm (p < 0.05).
We also noted a statistical significance when comparing 2013 samples
(average of 6.24 + 0.57 pm, range of 1 to 17 pm) with 2021 samples
(average 5.14 + 0.75 pm, range 1 to 44 pm; p < 0.0001). Filters from
2006 contained an average of 4.1 + 1.3 MP particles per 50 g of
placental tissue, filters from 2013 had 7.1 + 0.9 MPs per sample, and
filters from 2021 held 15.5 + 3.0 MPs per sampling area. The increase in
the number of MPs per 50 g of placenta tissue from 2021 reached sta-
tistical significance in comparison to 2006 samples (p < 0.001), and
2013 samples (p < 0.05) (Fig. 2). In summary, the number of MP par-
ticles per placenta and the particle size increased significantly over the
years examined.

3.2. Characterization of microplastic polymer composition by Raman
spectroscopy

Using robust Raman Spectroscopy analysis techniques, MP particles
were classified according to their chemical composition and subse-
quently identified using reference spectral libraries. Of the 142 MP
particles analyzed, 22 particles were from 2006, 38 particles from 2013,
and 82 particles from 2021. We were unable to assign the composition of
20 particles within the spectral libraries (KnowlItAll; free SLOPP/
SLOPPe). We were able to identify all polymers isolated from the 2006
HBRB samples where the most abundant were polypropylene (PP,
22.73%) and polyester (PES, 22.73%), followed by polyvinyl chloride
(PVC, 18.18%), polyurethane (PU, 13.64%), polyethylene vinyl acetate
(PVA, 9.09%), polyethylene terephthalate (PET, 4.54%), polyethylene
(PE, 4.54%), and polyamide (PA, 4.54%). For 2013, 6 out of 38 particles
(15.79%) could not be identified. Here, the most common polymers
included PP (15.79%), followed by PET, PVA, and PES (10.53% each),
acrylonitrile butadiene styrene (ABS, 7.89%), PE (5.26%), PU (5.26%),
polycarbonate (PC, 5.26%), PA (5.26%), PVC (2.63%), polyvinyl alcohol
(2.63%) and polyacrylonitrile (PAN, 2.63%). The largest number of
unidentifiable polymers, 14 out of 82 (17.07%), were observed in the
samples collected in 2021. As for the 2013 samples, the most common
polymers were PES (13.41%), PET (12.19%), PVA (12.19%), and PP
(10.97%), followed by PE (8.54%), PVC (6.1%), PU (4.88%), PC
(4.88%), polystyrene (PS, 2.44%), and PA, ABS, PAN, polyethylene
adipate, polymethyl methacrylate, and polyisoprene (1.22% each). All
the identified MP particles were of a similar size range (Fig. 3) and
colors.

Most of the MPs were transparent, followed by white, blue, red, or-
ange, and green, while the most common shape was irregular or
spherical. No plastic fibers or films were identified. In addition to the MP
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Fig. 2. Characteristics of MP accumulated in placentas from women in Hawai‘i: (A) Maximum length (um) of MP particle. (B) Number of MP particles in each of
the 50 g of placenta samples (calculated by using the number of MPs within the analyzed filter area multiplied by the ratio of total filtration area of the glass filter
(diameter 31 mm, area 754.8 mm?) and filter area analyzed (400 mm?). (* p < 0.05, ** p < 0.001, *** p < 0.0001, One-way ANOVA).
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Fig. 3. Identification of extracted MP by Raman spectroscopy analysis: (A) Polymer name and respective size; Polyethylene terephthalate (PET), polyethylene
vinyl acetate (PVA), polyester (PES), polyethylene (PE), polyvinyl chloride (PVC), polypropylene (PP), polyurethane (PU), polycarbonate (PC), polyamide (PA) and
acrylonitrile butadiene styrene (ABS). (B) Arrowhead indicates a PVA red-colored MP particle trapped in glass fiber filter visualized under light microscopy (100 x
objective (Olympus PlanFL N 100x/0.95). (C) Quantification of the types of MP polymers isolated by year.

polymers, we were also able to identify 23 chemical additives known to
be used for MPs production (Supplementary Table 1). Some of these
additives were related to plasticizers, such as dioctyl phthalate (DOP)
with bands at 1040, 2876, and 2932 c¢cm™!in several samples and
bisphenol A (BPA) with bands at 1441, 1464, and 1615 em~ L. Individual
spectra utilized for the characterization of the extracted MPs and addi-
tives by Raman spectroscopy and AFM analysis are listed in Supple-
mentary Table 1 and Supplementary Fig. 3. Randomly selected MP
particles were subjected to AFM imaging and exhibited variable heights
(1.5 to 5.8 pm) with an uneven surface architecture. The surface
topography of the MPs was highly rugous which was suggestive of
visible degradation into even smaller particles (Fig. 4). Additionally, all
analyzed MPs had three prominent peaks commonly masking other
peaks, with variations around 440, 615, and 974 cm~ L. The first two
peaks are likely related to TiO2, one of the most commonly used

pigments, while the latter peak has been attributed to the deformation of
CHjs groups and the stretching of C-C bonds which reflect known
conformational changes in plastic materials (Lee et al., 2015; Mali-
novskis, 2019; Nava et al., 2021).

4. Discussion

Our results demonstrate an alarming increase, not only in the num-
ber of placentas that contain MP particles but also in the number of MP
per cotyledon of placental tissue over the course of a 15-year period
from a single institution in the Pacific Islands. This increase parallels the
increase in global plastic production, consumption, and pollution (Geyer
et al., 2017). Our findings also indicate changes in the size and chemical
polymer composition of the MPs over time, with some compounds
increasing over time while other materials appear to be decreasing over
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Fig. 4. Atomic Force Microscopy (AFM) and Raman Spectra analysis of selected microplastic (MP) particles: (A) Polypropylene, (B) Polyamide, (C) Poly-
amide, (D) Polyacrylonitrile, (E) Polypropylene, (F) Polyurethane. (Images A-B are from samples from 2006, images C-D are from 2013, and images E-F are from
2021; each letter depicts AFM 2D measurement of MP and 3D topography (photo images); Raman Spectra corresponding to assigned MP polymer (graphic images),

respectively.

time. There was an increase in unidentified MPs found in placentas
collected more recently, which may represent the introduction of newer
chemically modified polymer compounds into the environment or a
result of MP degradative by-products, which do not yet have reference
standards in current databases (Liu, 2023).

These plastic materials are highly diverse in size, shape, color, den-
sity, and other physical and chemical properties, which made their
identification particularly challenging (Blair et al., 2019). Among the
current scientific techniques to identify chemical compounds, Raman
spectroscopy is rapidly gaining prominence in the analysis of micro-
plastics, given the higher spatial resolution (>1 um), broader spectral
coverage, higher sensitivity to non-polar functional groups, lower water
interference, and narrower spectral bands (Araujo et al., 2018). Like-
wise, other studies on human tissues and fluids have employed Raman
spectroscopy to identify MPs (Ibrahim, 2021; Ragusa, 2021; Academies
and of Sciences Engineering and Medicine (U.S.), 2022; Blair et al.,
2019), in addition to laser direct infrared spectroscopy (Liu, 2022; Zhu,
2023) and double shot pyrolysis - gas chromatography/mass spec-
trometry (Leslie, 2022; Castelvetro, 2021).

Since each MP particle needed to be evaluated individually and
manually scanned, we limited the Raman testing to MPs embedded into
a standardized area of the glass filter disk, rather than the entire filter.
While this could be considered a limitation of our study, other studies
have employed similar approaches such as the random selection of a
specific area of the filter or a percentage or number of particles on the
filter (Deng, 2020; Imhof, 2016; Ossmann, 2018). MP particles in the

environment are subjected to various weathering processes, and the
same MP polymer at different degradation stages may result in distinc-
tive Raman spectra, which may cause inaccurate identification when
compared to the known standard spectra (Cai et al., 2018; Dong, 2020),
and could also explain the lack of identification of some of the micro-
particles found herein. Furthermore, the presence of additives, plasti-
cizers, novel plastic compounds, and environmental degradation
byproducts can make the interpretation of Raman signatures chal-
lenging (Nava et al., 2021). We did notice the presence of well-described
plasticizers associated with the polymers found in our samples, such as
DOP, BPA, TiO2. So, in addition to the insult due to the presence of MPs
as foreign bodies within the placenta, these chemicals are known to be
harmful to human health as they may for example induce increased
oxidative stress, inflammation, endocrine disruption, and metabolic
disorders. (Baranowska-Wojcik et al., 2020; Bao, 2020; Eales, 2022).
Low dose BPA exposure during prenatal development has been linked to
a variety of effects including abnormalities in the male and female
reproductive tracts, pregnancy complications, pre-malignant changes in
mammary and prostate glands, and alterations in brain function (Hunt
etal., 2009). Prenatal exposure to low dose phthalates has been reported
to affect male and female sexual differentiation, thyroid function,
metabolic dysfunction, and maternal pregnancy complications such as
gestational diabetes and hypertensive disorders of pregnancy (Qian
et al., 2020).

A limitation of this study is that the placentas collected in 2006 and
2013, at a time when there was little awareness of the issues surrounding
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MP contamination, were stored in polyethylene tubes in the HRBR and
were retrieved retrospectively for our analysis. However, while there
were several placenta samples from 2006 and 2013 that did not contain
any MP, all ten placentas from 2021 which were prospectively collected
without any contact with exogenous plastics, neither in the operating
room nor at the laboratory during placental tissue processing and
analysis, were found to contain contaminating MP particles.

While this study has the most significant number of samples studied
to date, our sample size is too small to assign a correlation between
maternal and fetal outcomes. It neither allows us to infer potential
health issues arising from microplastic accumulation during pregnancy.

Ragusa and collaborators (Ragusa, 2022; Ragusa, 2021) described
the presence of MPs with varying shapes, sizes, and colors in placentas
and breast milk from their Italian cohort, while we discovered pre-
dominantly transparent MPs of similar size and shapes which could
reflect higher rates of single-use clear plastic containers in the ecosystem
of the Hawai‘ian Islands. Nevertheless, the polymers we have detected in
our study are most commonly found in ocean and freshwater environ-
ments (Erni-Cassola et al., 2019; Schwarz et al., 2019). While carbon
filters can remove MPs from water, this approach would only be prac-
tical for decontaminating drinking water, but not for surface water
sources (Cherian et al., 2023).

Whereas Zhu and collaborators (Zhu, 2023) showed a correlation
between polymer type and size of MP in a Chinese cohort, we and others
found no such association in our respective cohorts (Ragusa, 2022;
Ragusa, 2021; Nava et al., 2021). Overall, the most common polymers
we identified were PP, PES, PVA, and PET, with variations according to
the year analyzed. We did observe a temporal trend of polypropylene
particles decreasing while PET appeared to increase over time (Fig. 4).
Ragusa and collaborators (Ragusa, 2021) demonstrated PP as the pre-
dominant plastic polymer in the analyzed placentas of their Italian
cohort, while Zhu and collaborators (Zhu, 2023) found mostly PVC, PP,
and PET, and Liu and collaborators (Liu, 2022) found a prevalence of
PA, PU, and PE in their placenta samples from China. These variations in
plastic compounds isolated from placental tissues may reflect temporal
and regional habits or differences in plastic waste management.

Our study demonstrates an increase in the number of placentas
containing MP over a 15-year time frame associated with an increase in
the number of MP particles per volume of placenta as well as changes in
plastic polymer compositions. Together, PE, PP, PVC, PET, PU, PS, and
polyester represent over 90% of all produced polymers, with an esti-
mated annual leakage of 10Mt of plastics entering the ocean (Lau,
2020). PE and PP are the top two most produced plastic compounds;
however, in Hawai'i, only PET and PE are being collected for recycling
(Beck, 2006). Excessive PE and PP exposure has been linked to immune
dysfunction and abnormal neurodevelopmental outcomes in human and
animal models (Alonso-Lopez et al., 2021; Dhaka, 2022; Dievernich
et al., 2022; Meng, 2014; Sax, 2010; Yuan et al., 2022).

In addition, given the low levels of DOP (a phthalate) and BPA which
were found in our samples, we remain acutely aware of their endocrine
disruptor properties as the MP are lodged within the human placentas
with potential effects on both mother and fetus. Our findings from this
study are particularly concerning as we are not able to determine the
duration of exposure of these endocrine disrupting MP which are
accumulating in the placentas. MPs can reach important organs, such as
the brain, in a matter of minutes in a murine model (Kopatz, 2023). Of
particular relevance to coastal communities such as Hawai'i, MPs
exposed to fresh and saltwater environments can be internalized by
mouse macrophages in vitro by 10-fold more than MPs not exposed to
water (Ramsperger, 2020).

5. Conclusion
The findings of this study, based on placental samples collected in

Hawai'i, provide insight into the vulnerability and sensitivity of Pacific
Island communities to plastic pollution due to our remote location in the
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Pacific Ocean. Since the entire State of Hawai'i State is designated as a
coastal community (N.O.A.A. Administration, 2013), pregnant women
who live there appear to be particularly vulnerable to marine plastic
pollution, with yet unclear effects on maternal and fetal health. We have
also demonstrated a disturbing increase in MP accumulation in human
placentas from births in our referral hospital over the past 15 years. This
confirms the increasing burden of human exposure to MP. These results
reveal the fragile nature of our Pacific Island ecosystem and demonstrate
how discarded placentas from human births can be developed as an
international monitoring system to track MP exposure in diverse com-
munities across the globe. Since fresh placentas are created and dis-
carded with each pregnancy, placentas have the potential to serve as a
non-invasive, real-time monitoring system of environmental plastic
pollution and exposure during pregnancy.
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