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Plastics production and use reached 435 million tons in 2020
(up from 234 million tons in 2000) and by 2040 is expected to
further increase by 70%. Plastics are synthetic materials com-
posed of polymers, such as polyester, polyethylene, copolymers of

polypropylene, and polyure-

thane, that vary in chemical
Multimedia composition and often contain
additives. Although more than

13000 chemicals are associ-
ated with plastics, 10 groups of
chemicals are identified as being of major concern due to their high
toxicity and potential to migrate or be released from plastics. These
include specific flame retardants, certain UV stabilizers, per- and poly-
fluoroalkyl substances (PFAS), phthalates, bisphenols, alkylphe-
nols and alkylphenol ethoxylates, biocides, certain metals and met-
alloids, and polycyclic aromatic hydrocarbons.
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Microplastics

Plastics smaller than 5 mm are termed microplastics, which enter the
body primarily through inhalation or ingestion after plastic litter in
the environment degrades into smaller plastic fragments. Inhaled
particles that have a diameter of 2.5 pm or smaller can enter the al-
veoli of the lungs and the bloodstream and accumulate widely in the
tissues.! Many foods, beverages, and drinking water sources con-
tain microplastics, which can enter the body upon ingestion. A2020
study performed in Mexico evaluated microplastic contamination
in 57 common beverages (soft drinks, beer, cold tea, and energy
drinks). Of the beverages evaluated, 48 samples showed detect-
able microplastics, 36 samples contained less than 5 microplastic par-
ticles/L, 9 samples had 5 to 10 microplastic particles/L, and 3 samples
contained 11 to 30 microplastic particles/L, with the highest abun-
dance of microplastics (mean [SD], 28 [5.29] particles/L) recorded
in a beer sample.2 Many clothing pieces, cosmetics, and other per-
sonal use products contain microplastics and use of these prod-
ucts may lead to increased exposure through accidental ingestion
or aerosolized inhalation. A 2024 review of 38 studies investigat-
ing 2379 cosmetic and personal care products reported 16.4%
(n = 390) contained microplastics. Face scrub was the most com-
monly tested product (46.8% of total products tested) and 26.5%
of the face scrubs tested contained microplastics.

Microplastics' unique surface area, defined by coarse shapes and
heterogeneous material, enables them to act as a vehicle for vari-
ous contaminants. Specifically, microplastics act as sorbents that ad-
sorb or absorb various pollutants on their surface primarily through
hydrophobic or electrostatic means and by pore filling (physically
accumulating environmental contaminants, such as microbes, poly-
cyclicaromatic hydrocarbons, and heavy metals, and encasing them
in micro or nanopores) interactions.? In vitro studies using human
cell lines, organoids (3-dimensional, miniature organ structures
growninthe laboratory that mimic the structure and function of real
organs), and animal studies have shown that microplastic expo-
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sure increases oxidative stress, production of reactive oxygen spe-
cies, cellmembrane organelle damage, immune response, and DNA
damage.* Liver organoid exposure to polystyrene microplastics in-
duced hepatotoxicity with increased alanine aminotransferase and
aspartate aminotransferase in the supernatant (liquid above a solid
phase) and compromised antioxidant balance, suggesting oxida-
tive stress and an increase in inflammatory response observed via
elevated interleukin-6 levels, even at the lowest dosage used in this
study (0.25 pg/mL; mean [SD], 102 [7] items/mL).>

Methods of Detecting Microplastics

Current detection methods for microplastics, such as microscopy,
spectroscopy (analysis of the spectrum of light that a substance emits
or absorbs), and thermal analysis are being used, and most studies
focus on detecting polystyrene particles.® Many techniques have
been validated, standardized, and published; however,
methodological limitations include difficulty of isolation from com-
plex environmental or biological samples and identification of each
microplastic type. More robust and standardized methodologies for
detecting and quantitating microplastics are being studied.

Presence of Microplastics in Human Tissues

Studies have reported the presence of microplastics in many hu-
man tissues and organs, including the lungs, brain, blood, liver, kid-
neys, heart and circulatory system, spleen, colon, testes, ovarian fol-
licular fluid, and placenta as well asin human breast milk and infants’
first stools. Longitudinal studies suggest increased microplastic con-
centrations in biological tissues over the past several decades. Lev-
els of microplastics were statistically higher among 24 individuals
in 2024 compared with 28 individuals in 2016 in postmortem hu-
man brain tissue (median, 4917 pg g~ vs 3345 pg g™) and liver tis-
sue (103.7 pg g7' vs 432.9 pg g™).” A study using spectroscopy re-
ported asubstantial increase in the frequency and concentration of
microplastics in human placentas in Hawai‘i from 2006 to 2021.8
Based on examination of 10 placental samples in each time frame,
microplastics were detected in 60% in 2006, 90% in 2013, and
100% in 2021. Average microplastic particles per 50 g of placental
tissue increased from 4.1in 2006 to 7.1in 2013 to 15.5in 2021. The
increase in the number of microplastics per 50 g of placenta tissue
from 2021 reached statistical significance in comparison with 2006
samples (P < .001) and 2013 samples (P < .05).8

Known and Potential Health Effects

Associated With Microplastics

Observational studies have shown an association of microplastics
with adverse health effects, although this does not prove causa-
tion. Inastudy of 257 patients with asymptomatic carotid artery dis-
ease, microplastics (polyethylene) were found in the excised ca-
rotid artery plaque of 58.4% of patients (n = 150; mean [SD] level,
21.7 [24.5] pg/mg of plaque) and 12.1% (n = 31) also had measur-
able amounts of polyvinyl chloride (mean [SD] level, 5.2[2.4] pg/mg
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of plaque).® Patients with detectable microplastics in excised ca-
rotid artery plaque had a 4.5 times higher risk (20.0%; 30/150
patients) of a composite of myocardial infarction, stroke, or death
from any cause at 34 months of follow-up than those in whom mi-
croplastics were not detected (7.5%; 8/107 patients).® A postmor-
tem study reported that brain tissue obtained from 12 patients with
dementia had higher levels of microplastics than those obtained from
52 individuals without dementia (26 076 pg g™' vs 4131 pg g™";
P < .001).” Further research into potential mechanisms of organ dys-
function and disease associated with microplastics is ongoing.

Policies to Reduce Plastic Pollution

Although many local and national policies exist to limit plastic pol-
lution, few comprehensive international agreements are currently
in place to decrease plastic pollution. Agreements that have been
reached include the 2019 Basel Convention Plastic Waste Amend-
ments, which control transboundary movements of plastic wasteinto

countries with limited recycling options (such as insufficient recy-
cling plants or lack of technical expertise to recycle in an environ-
mentally sound manner), and the MARPOL Annex V, a legally bind-
ing agreement signed by more than 150 countries that prohibits ships
from dumping plastic waste into the ocean. The United Nations
Global Plastics Treaty has been in negotiation since March 2022 af-
teraresolution was adopted to develop aninternational, legally bind-
ing agreement on plastic pollution, including in the marine environ-
ment, with a goal of addressing “the full life cycle of plastics, including
their production, design, and disposal.”

Conclusions

Microplastics have been detected in human tissues at increasing rates
and are associated with known and potential adverse health ef-
fects, raising concerns over the high levels of plastic pollutantsin the
air, water, and soil. International cooperation to limit plastic pollu-
tion and to find environmentally safe plastic alternatives is needed.
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