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Abstract
Microplastics and nanoplastics are pervasive in the

environment and pollute every tissue in the body.
Emerging research demonstrates a positive correlation
between tissue concentrations of microplastics and

several common diseases. The sources of exposure are
well understood and can be controlled. However, there
appear to be no clinical trials for eliminating microplastics
from tissues.
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Introduction

Microplastics are generally recognized as particles
ranging from 0.1 pm to 5 mm in diameter. Those smaller
than 0.1 pm are defined as nanoplastics. In this editorial, the
term microplastic is used to refer to both forms. Microplastics
are ubiquitous environmental contaminants affecting all
humans—in fact, all life on the planet. Humans are exposed
through ingestion, inhalation, and dermal contact.

Translocation of microplastics across protective
membranes and into human tissues is hugely impacted by
particle size (smaller particles are more easily absorbed
and translocated into tissues), surface charge (charged
particles are more easily absorbed), and type of plastic
(hugely variable). Microplastics can penetrate the
intestinal, blood, blood-brain, and placental barriers. They
pass through the cell membrane and enter the cytoplasm
and even the mitochondria.

Table 1 summarizes the typical daily exposure in
human adults. Clearly, exposure is ubiquitous.

Microplastics have been detected throughout the
body: in the placenta, meconium, breast milk, lung,
intestine, liver, kidney, heart and cardiovascular system,
blood, urine, and cerebrovascular tissue. Microplastics
have even been identified in uterine and testicular tissue.’

Figure 1 illustrates well how widely these particles are
distributed throughout the body. Figure 1 estimates the
most common microplastics types and the amount of
exposure per day or concentration found in each tissue.
Refer to Pizzornos editorial Safety of Plastic Food

Table 1. Typical Adult Daily Exposure to Microplastics'?

Ingestion 4.88-5.77 x 10° microplastics/year
Salt 5.00-7.00 x 10°
Fish 0.50-1.20x 10*
Fruits 4.48-4.62x10°
Vegetables 2.96-9.55x 10*
Drinking water | 0.22-1.2x10°

Bottled water | 2.40 x 10° particles/L
Inhalation 0.21-2.51x10°

Indoor 0.16-2.30x 10°

Outdoor 0.46-2.10x 10°

Figure 1. Microplastics Distribution in the Body*
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Containers (IMCJ 23.2) for a discussion of the health
effects of each of the plastics types. All of the plastics types
listed in Figure 1 are found in plastic food and water
containers. Clearly, consuming food or liquids from
plastic containers results in exposure to microplastics as
well as their constituent chemicals.

Clinical Impact
The mechanisms by which microplastics cause
disease are still being elicited. At this time, most of the
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toxicological studies of microplastics on humans are
based on animal research (typically rodents, which have
far better detoxification systems than humans) and
human-derived cells.* Microplastics appear to cause
damage by slowly leaking their chemical constituents into
surrounding tissues. Their contained chemicals—not just
the monomers used to create the plastics but also the
thousands of other chemicals found in plastics, as
discussed in editorial 23.2—are diverse, which helps to
explain the huge variations of effects found in the research.

Table 2 lists the damaging physiological effects of
microplastics. The list is long and diverse. Essentially, all
metabolic functions are affected. The underlying
mechanism appears to be disruption of mitochondrial
function, but there are plenty of examples of direct toxicity
to tissues, such as to ovaries and spermatozoa, resulting in
loss of fertility.>®

Studies have attempted to estimate the contribution
of microplastics to specific human diseases. Below is a
representative list.

Atheromas and Cardiovascular Disease. A recent
study on microplastics and atheromas has received a lot of
attention, for good reason.® This prospective, multicenter,
observational trial studied patients with asymptomatic
carotid artery disease. Microplastics were detected in
excised carotid artery plaques. Specifically, polyethylene
was detected in 58.4% of patients, and polyvinyl chloride
was detected in 12.1% of patients. With a mean follow-up
of 34 months, patients with microplastics in their
atheromas were at a worrisome 4.5-fold higher risk for a
primary cardiac end-point event than those without.

Inflammatory Bowel Disease. Microplastics
concentrations in feces positively correlate with
inflammatory bowel disease status.” Patients with
inflammatory bowel disease and fecal microplastics had
41.8 items/g dm (dry matter), significantly higher than the
28.0 items/g dm found in healthy people. The researchers
detected 15 types of microplastics in feces, with
polyethylene terephthalate (22.3%-34.0%) and polyamide
(8.9%-12.4%) the most common.

Liver Disease. A small study measured microplastics
in liver tissue of patients with and without liver disease.
Patients with cirrhosis of the liver had 6 different
microplastics polymers ranging from 4 to 30 um in size,
while no microplastics were found in patients with no liver
disease."

Sources

There are many sources of microplastics exposure,
such as food containers (as discussed in IMCJ 23.2) and
the vast plastic waste contamination of food, water, air,
and health and beauty products. Figure 2 attempts to
quantify the sources. Even table salt is contaminated!

Microplastics are found in humans in many forms:
fibers, microbeads, fragments, nurdles, and Styrofoam, as
shown in Figure 3.

Table 2. The Diverse Physiological Effects of
Microplastics’

Lipid peroxidation
DNA damage
Activation of mitogen-activated protein kinase pathways

Cell membrane breakages

Mitochondrial dysfunction

Lysosomal defects that inhibit microplastics excretion from cells

Inflammation

Apoptosis

Atheroma and increased risk of cardiovascular events

Lung inflammation

Liver fibrosis
Gut dysbiosis

Figure 2. Sources of Microplastics'

W,
2)&,2?"

\ndoor Air
6
\0_15.2.3)*10 MPs/yOar
S19npo.g onendY

“eofs g i x(Z VSO

P
z
T, .
8, 2, N ¢
9. o e @
/&,o‘ OO(leos 13‘9\\@\3?
'slyear 507 o

Figure 3. Physical Forms of Microplastics''
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Figure 4 shows the primary sources of microplastics.
Clearly, according to this study, plastic water containers
are a substantial source of microplastics. As can be seen
from these figures and tables, there is significant variation
among studies trying to determine the amount and route
of exposure to microplastics.
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Figure 4. Primary Sources of Microplastics'
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Figure 5. Chemicals and Microplastics in House Dust."
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Note: Median concentrations of polyethylene terephthalete (PET)
and polycarbonate (PC)-based microplastics measured in indoor
dust samples collected from Albay, New York, USA, compared with
those of other chemicals.

Abbreviations: PCDD and PCDFs, polychlorinated dibenzo-
p-dioxins and dibenzofurans, respectively; PBDD and PDBFs,
polybrominated dibenzop-dioxins and dibenzofurans, respectively;
TBBPA, tetrabromobisphenol A; PFOA, perfluorooctanoic acid;
PFOS, perfluorooctanesulfonate; BADGEs, bisphenol A diglycidyl
ether; PBDEs. Polybrominated diphenyl ethers; MT, metabolites
of 2,6-di-tert-butyl-4-hydroxytoluene; SPAs, synthetic phenolic
antioxidants; TPA, terephthalic acid.

Figure 6. Microplastics in Human Blood"

Another source of microplastics is take-out food
containers. A study in China found 3 to 29 items/
container.” T found it particularly interesting that the
authors reported that the microplastics came not only
from flakes from containers’ surfaces but also from
atmospheric fallout. The more the containers were flexed,
the more microplastics were released. They also found that
polystyrene containers released the most microplastics.

Inexplicably not well addressed in the preceding
figures is the plastics found in air and dust. Figure 5 shows
substantial amounts of microplastics are detected in dust.
Especially worrisome is that many other chemicals are
found in dust.

Assessment

As can be seen in Figure 6, microplastics are
measurable in the blood, and concentrations vary hugely
by person and type of plastic. Unfortunately, we were
unable to find a clinical laboratory that measures
microplastics in any tissue or fluid.

We are in conversation with a laboratory that is
considering measuring microplastics concentrations in
stool. However, the correlation of stool levels of
microplastics with blood and tissue levels is unclear. Stool
assessment appears to be useful. In addition to the
correlation with inflammatory bowel disease noted above,
correlation has also been found in other diseases such as
aortic calcification.'®

Intervention

There is considerable environmental remediation
research, especially aquatic, showing several ways to
decrease microplastics levels. There is some intriguing
animal research looking at strategies such as probiotics to
improve mucosal integrity and agents such as chlorella (a
nutritional algae) and activated charcoal to bind
microplastics in the gut. However, we could not find any
clinical trials studying how to increase microplastics
elimination in humans. At this time all we can advise with
confidence is decreasing exposure, improving gut mucosal
integrity, and using binding agents like fiber (and chlorella
and activated charcoal) to prevent absorption from the gut.

Putting together the takeaways from Pizzorno’s Safety
of Plastic Food Containers editorial and the tables and
figures above, clearly, the less exposure to plastics the
better. Since plastic bottles appear to be the largest source
of microplastics, other containers must be used. The
obvious options are metal and glass. We tested several
water containers as part of an ongoing detoxification for
diabetes project by Pizzorno and colleagues (a report will
be provided in the future, but a teaser: decreasing body
load of diabetogenic metals and chemicals improves blood
sugar control). Because arsenic is a contributor to
diabetes,”we used ZeroWater filtration to clean the water,
since this process effectively removes arsenic."® ZeroWater
provides with the filtration units a clever device that
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measures total dissolved solids to demonstrate the efficacy
of their filters. As you might expect, comparing tap water
with high levels of total dissolved solids with pure water
after filtration was very compelling to the participants. We
then happened to test the water again after it was put into
the various “clean/green” containers that the participants
had been using. We want to be very clear that this was not
a controlled study and in no way should be interpreted as
conclusive. Also, there is a bit of controversy with this
water purifier since Consumer Reports asserts it leaks
some microplastics into the filtered water. Nonetheless, we
found that all the metal water containers increased total
dissolved solids while all the glass ones did not. We, of
course, do not know what the metal containers were
leaching into the water, but we expected to find nothing.
Clearly, we need to stop using plastic water bottles and use
glass instead.

Conclusions

Every human in the world has microplastics throughout
their body. Their tissue concentrations of microplastics
correlate with the amount of exposure to plastics, such as
are found in food containers, air, water, and health and
beauty products. At this time, it appears the most effective
ways to decrease microplastics exposure are to avoid using
plastic food containers and, especially, plastic water bottles,
filter all drinking water, and filter the air.
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