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HOW COMMON PLASTIC PLUMBING
MATERIALS INCREASE RISKS

Emerging scientific evidence confirms
that plastic plumbing pipes are a
significant and previously
underappreciated source of
microplastics (MPs) and nano-
plastics (NPs) in drinking water
systems. While MPs and NPs are
increasingly recognized as
environmental pollutants, new studies
now implicate polyvinyl chloride
(PVC), polyethylene (PE), and
cross-linked polyethylene (PEX) pipes
as active, primary contributors to
plastic particle contamination within
buildings and drinking water
distribution systems. As clean water
passes through aging plastic pipes,
degradation mechanisms cause
plastic particles to shed from pipe
walls into drinking water.

A recent analysis by Swietlik and
Magnucka found that both PVC and

PE pipes begin to crack, pit, and

peel “relatively quickly” as they age,
especially under the influence of

chlorine and other common
disinfectants. As their inner surfaces
degrade, these pipes release
microscopic fragments directly into
the water supply.

This phenomenon is not isolated. A
growing number of peer-reviewed
studies reinforce the conclusion that

plastic plumbing materials can

deteriorate and shed particles during
normal use: One laboratory study

documented how mechanical stress
and chlorine exposure both cause
PEX pipe surfaces to oxidize and
flake, releasing plastic particles
over time.

“Degradation
mechanisms cause
plastic particles to
shed from pipe walls”

In another study, laboratory analysis
showed progressive deterioration
and flake formation of PVC pipes
exposed to chlorinated water,
leading to measurable microplastic
shedding. This aging process was
especially pronounced at joints,
bends and stagnation points,

areas prone to stress and material
fatigue even under routine
conditions. Researchers further found
that stagnating water in plastic

pipes can increase microplastic
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What are microplastics
and nanoplastics?

Plastics used in plumbing and
other building products include
materials such as chlorinated
polyvinyl chloride (CPVC), cross-
linked polyethylene (PEX),
polyethylene (PE), and polyvinyl
chloride (PVC). Chemical and phys-
ical degradation of these materials
during and after use causes them
to shed small plastic particles into
the environment. If they are 0.1
microns to 5 mm in diameter, they
are microplastics (MP). If smaller
than 0.1 microns, they are
nanoplastics (NP). The small size,
high relative surface area, and
inability to dissolve in water
amplify exposure to MP and NP.

When MP and NP release from
plastic drinking-water pipes, these
particles pass to faucets and
fixtures, increasing human
exposure to plastic compounds
and chemical additives such as
antioxidants, fillers, flame
retardants, pigments, plasticizers,
and stabilizers.

According to research on plastic

leachates published in the journal
Case Studies in Chemical and
Environmental Engineering, MP
and NP increase the rate of
“plasticisers leaching, adsorption/
desorption of hazardous chemicals
and pathogens in water, raising
concerns for their eventual
negative effect on environmental
and human health.”

In other words, the presence of
these small plastic particles in
drinking water increases
concentrations of harmful
chemicals and microbes to which
people are exposed.
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concentrations by up to 10 times,
especially in aging PVC and PE
systems.

When people drink water that has
passed through degraded plastic
pipes, they may unknowingly

ingest MP and NP released from the
pipe walls. This exposure adds to
the significant background level of
plastic pollution already documented
in food, air, and consumer products.
While the long-term health impacts
of microplastic and nanoplastic in-
gestion are still being studied, recent
toxicological evidence raises serious
concerns. This report summarizes the
current science on how plastic pipes
shed MP and NP and reviews emerg-
ing knowledge on the effects these

particles may have on the human
body, including the gastrointestinal
system, brain, lungs, and reproduc-
tive organs. It also explores how MPs
may interact with chemical leachates
and microbial communities, poten-
tially amplifying waterborne disease
and environmental toxicity.

MPs and especially NPs have recent-
ly been shown to cross biological
membranes and accumulate in sensi-
tive tissues, including the liver, lungs,
brain, and placenta. In vitro and in
vivo studies document that plastic
particles can induce oxidative stress,
mitochondrial dysfunction, DNA
damage, and chronic inflammation.
Additional research indicates that
NP may increase the permeability of

MICROPLASTICS FROM
PLASTIC WATER PIPES

“The quantity of
microplastic
particles increases
as a result of
transporting water
through pipes made
of plastic.”

The presence of some MP and NP in
drinking water might be expected,
given the prevalence and explosive
growth of plastic in the built
environment, consumer goods,
packaging, and other sources.
Correspondingly, plastic pollution
levels have increased nearly 700-
fold over the past 70 years, rising

from 500,000 metric tons in 1950
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intestinal walls and disrupt cellular
signaling, contributing to systemic
immune dysfunction and metabolic
disease risk. As medical evidence

of risk continues to increase, so too
does the need to re-evaluate the use
of plastic materials in drinking water
infrastructure.

to 360,000,000 metric tons in 2018.
Wastewater-treatment plants do not
remove all MP and NP contamination
from water. In addition, plastic pipes
directly introduce additional contam-
ination as “clean” water moves from
treatment facilities to points of use.

Evidence showing that plastic pipes
degrade over time prompted several
research teams to examine the
degree to which these plastic
plumbing materials might represent
a source of MP and NP in water.
Their methods included a
straightforward comparison that
measured the concentration of MP
and NP in water sampled from
treatment facilities and compared
that value to water samples taken
from a point of use. The results found
that the number of plastic particles
increases as water moves through
pipes made of plastic.
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Why is this? The material properties
of plastic make it susceptible to both
natural and chemical aging
processes. For plastic pipes,
interaction with water and
disinfection chemicals represents a
significant source of aging effects,
along with factors like heat and
mechanical wear. Microbial

activity represented an accelerant,
with research finding that metabolic
processes carried out by
microorganisms that grow and coat
the insides of pipes - known as
biofilms - “aggravate the material
degradation process” of plastic.
Each of these aging factors changes
the structure and properties of
plastics, changing their structure
and/or properties as described
later in this report.
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Plastic pipes are made from resins
derived from fossil fuels such as oil
and gas. The chemical composition
of common plastic piping

materials - including polyvinyl
chloride (PVC), polyethylene (PE),
crosslinked polyethylene (PEX), and
crosslinked polyvinyl chloride (CPVC)

v

N

SAFE PIPING MATTERS

“Metabolic processes
carried out by
microorganisms in
the developed
biofilms aggravate
the material
degradation process
of plastic.”

- varies significantly, however. The
following sections of this report look
at what we know about each of
these plastics.
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PVC PIPES

Pipes made of polyvinyl chloride
(PVC) have strong and rigid walls,
so they can be used in applications
that softer, weaker plastics cannot.
Main applications include water
supply lines and drain/waste/vent
applications.

“PVC pipe showed
extensive pitting &
holes”

Researchers analyzed microscopic
images of PVC pipe showing
extensive pitting and holes along
with fine, torn plastic particles on the
inner surface of the pipe walls. They
found these wear patterns
regardless of the pipe age or
diameter, with “peeling and
detachment of the polymeric
material,” forming NP that were
released into the distributed water.

The increased irregularity and
porosity of the polymer material

harbors mineral deposits and dense
biofilms on inner pipe surfaces.
Microbial activity within these bio-
films plays a significant role in
accelerating damage to polymer
structure. Both growth and waste
byproducts from microorganisms
biodegrade pipe structure and
impact quality of distributed water.

Types of damage varied

depending on the diameter of the
pipe. Wider pipes mainly showed
“deep pits around which peeling
areas and plastic particles were
visible.” By contrast, small-diameter
pipes showed numerous particles
and fragments of torn material. Since
these smaller pipes are mainly found
near the ends of water distribution
networks, including within homes,
they can “significantly” expose
consumers to “unwanted
microplastics... via tap water.”

Teams also identified other
byproducts of PVC-water
interactions in water, including
the following:

Aldehydes - A family of
compounds that are carcinogenic

and toxic, irritating the eyes, nose,
skin, and throat, and impacting the
heart, kidneys, lungs, and nervous
system.

Dibutyl phthalate - This chemical
can cause eye, nose, and throat
inflammation and damage the

liver and kidneys with long-term
exposure.

Organotins - Persistently toxic
substances that can disrupt and

damage the endocrine system,
immune system, liver, nervous
system, and reproductive organs.

Vinyl chloride - This chemical
is carcinogenic and can irritate

the eyes and respiratory tract
and damage the heart, liver and
nervous systems. It was a major
source of contamination at the
disaster in East Palestine, Ohio.

04


https://doi.org/10.1021/acs.est.9b03673
https://doi.org/10.1021/acs.est.9b03673
https://doi.org/10.1021/acs.est.9b03673
https://doi.org/10.1021/acs.est.9b03673
https://pubmed.ncbi.nlm.nih.gov/12697234/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106693/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106693/
https://link.springer.com/article/10.1007/s11356-020-10136-0
https://www.dcceew.gov.au/environment/protection/npi/substances/fact-sheets/dibutyl-phthalate
https://www.dcceew.gov.au/environment/protection/npi/substances/fact-sheets/dibutyl-phthalate
https://www.sciencedirect.com/science/article/abs/pii/S0045653598003749
https://pubmed.ncbi.nlm.nih.gov/21420710/
https://wwwn.cdc.gov/TSP/MMG/MMGDetails.aspx?mmgid=278&toxid=51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10636715/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10636715/

PLASTIC PIPES, MICROPLASTICS & IMPACTS ON HUMAN HEALTH

POLYETHYLENE PIPES

Polyethylene (PE) pipes feature good
material strength compared to other
plastics but have a brittle structure
that requires additional care to
minimize risk of impact damage.
Further, expansion and contraction
of PE due to temperature fluctuations
is significant over long pipe runs,
requiring allowances in the design
to ensure system integrity. This pipe
is often used for potable water and
gas transport applications.

As noted above, the study from Swi-
etlik and Magnucka found that envi-
ronmental, chemical, and biological
factors can degrade the surface and
structure of PE pipes. Such damage
emerges as wrinkles on the inner
surface of pipe with most damaged
areas comprising “fragments of
peeling antioxidant coatings and
polyethylene itself.”

SAFE PIPING MATTERS

“Environmental,
chemical & biological
factors can degrade
PE pipes”

Most common contaminants from
PE pipes included the following:

Aldehydes, ketones, and esters -
These compounds have a range of

health impacts, including
increasing cancer risk, irritating
skin and mucous membranes, and
impacting reproductive function
including reductions in sperm
count.

Aromatic hydrocarbons - These
compounds include carcinogens

such as benzene. Studies of
impacts on water quality following
fires have found levels up to 40,000
times the legal limit in water
systems.

Phenols - These compounds are
considered "quite toxic to humans
via oral exposure,” with impacts on
internal organs, as well as
reproduction and fetal
development.

Quinones - These compounds are
not only carcinogenic, but also
genotoxic (meaning they change
how DNA replicates and functions
in a cell). Chronic exposure can
also cause eye and skin irritation.

In addition, researchers found that
the dissolution of coatings and
pipe materials provided growth
habitats and food sources for
microorganisms within the system.

Leaching of these chemicals may
help explain complaints about the
taste and odor of water supplied
through PE pipes. Taken together,
these health and quality factors
make it clear more study is
needed to assess the safety of

PE as a piping material.
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CPVC PIPES

CPVC (chlorinated polyvinyl chloride)
pipe is used in hot- and cold-

water distribution systems, as well
as in sprinkler systems used for fire
protection. It can withstand higher
temperatures than PVC pipe, but its
susceptibility to chemical damage

is significant - many manufacturers
provide lists of substances that must
not be used on or near such pipe.

The chemical makeup of CPVC
means its performance in use could
be similar to or worse than its PVC
cousin. It may also produce
byproducts from interactions with
water and chemicals used to
suppress microbial growth:

The use of chlorine to disinfect
water delivered by CPVC pipes has

also raised concerns. According to
ecotoxicologist Jane Muncke: “When
you... use chlorination to disinfect
your drinking water, you'll have a

lot of chlorinated chemicals floating
around in your drinking water.”
Chlorine-derived chemicals of
concern include trihalomethanes and

haloacetic acids, both of which have
toxic health effects such as damage
to the kidneys, liver, lungs, and
mucous membranes.

CPVC discolors and becomes more
susceptible to fractures when
exposed to UV light, so its use
outdoors should be limited.

CPVC pipe is susceptible to
damage from incompatible
chemicals, including many common
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materials used for building
construction and maintenance,
including firestopping compounds,
fungicides and/or mold inhibitors,
dishwashing liquids, HVAC lubricants,

and many others listed by
manufacturers.

PEX PIPES

PEX (cross-linked polyethylene)
pipes are often used for interior
applications because they are easy
to install, flexible, able to handle a
range of temperatures, and expand/
contract less with temperature
changes than some other plastics.

Recent research shows the aging of
PEX exposed to chlorinated water
can cause oxidative degradation,
including cracks, chain scission, and
the formation of vinyl and carbon-
yl groups along pipe walls. These
changes suggest PEX pipes may
release MP and NP particles into
drinking water. While particle
quantities have not yet been
quantified, the degradation
mechanisms are consistent with the
types of physical damage that would
shed particles over time. The same
research finds that free chlorine
further accelerates PEX pipe
deterioration.

“Chlorine accelerates
PEX pipe
deterioration”

Earlier research found PEX pipes
release 11 volatile organic
chemicals, including toluene,
ethyl-tert-butyl ether, and other
contaminants, when they interact
with water and water-treatment
substances. The leached chemicals
- whose health effects are not fully
understood - are present in highest
concentrations in the first months
after installation. Until these
substances get flushed away, this
water may be contaminated with

"acetone, wax, or plastic” tastes

and/or odors coming from the PEX
materials.

Over the longer term, researchers
who studied how “the mechanical
properties and lifetime of PEX were

reduced after exposure to
chlorinated water” concluded that

“on the basis of aging mechanisms
and material performance charac
teristics, we propose that MPs and/
or NPs can be leached from aging
pipes.” Researchers have not yet
assessed the type and quantity of
particles released, however.

Like CPVC, PEX is sensitive to
damage from UV light. This type of

plastic may also allow permeation of
chemicals through the pipe walls into
water passing through the pipe.
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HEALTH IMPACTS

OVERVIEW

As levels of MP and NP particles rise
in the environment, their effects on
health raises concerns among
medical professionals. A growing
body of research finds NP and MP
particles across a wide range of
animal organs, including the gut,
lungs, brain, and reproductive
systems. The impacts they are finding
include possible degradation of
organ function and associated
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impacts on overall health. The
chemical and physical characteris-
tics of MP and NP can also carry
other substances and organisms that
adhere to the particles, amplifying
the reach and concentrations of
harmful environmental and biological
pollutants. The next sections of this
report examine research looking at
the effects of MP and NP on critical
bodily systems.
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PLASTIC IMPACTS

Health Impacts of Plastic Products,

Toxins & disease:

Including Plastic Pipes

concentrate pollutants, transport
microbes into the body, amplify

development of antibiotic-
resistant pathogens

P P P SafePipingMatters.org

Brain: Nerve death, cell
damage, cognitive impacts

Lungs: DNA damage,
inflammation, pulmonary
fibrosis, cell death

Gut: Disruption of
bacterial balance, colon
issues, immune impairment

Reproductive issues:
Damage to ovaries & eggs,
reduced and mutant sperm,
disruptions to fetal
development

| MATTER
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HOW PLASTICS CAN AFFECT

GUT FUNCTION

Direct ingestion of MP and NP
contamination in beverages
including drinking water represents a
primary source of human exposure.
A 2018 study from the University of
Minnesota found plastic particles in
81% of samples taken from a range
of international metropolitan

centers, and a review of over 400
data points across 26 studies
estimated that those who drink only
tap water ingest about 4,000 parti-
cles per year from this source. For
those who drink only bottled water,
the amount jumps to 90,000 particles
per year. The same study estimates
that an average American consumer
ingests 39,000 to 52,000 MP and NP
particles per year from food.

Much more research is needed, but
lab studies have demonstrated
significant effects of MP and NP
particles on gut function, including:

Changing the ecology of bacteria
in the gut, inducing metabolic shifts
and disrupting the balance and num-
bers of microbes in the gut. This ef-
fect - called dysbiosis - can lead to
issues such as cancer, cardiovascular
problems, diabetes, irritable bowel
syndrome, and obesity. Studies of
planarian flatworms exposed to
plastics also found oxidative stress,
enzymatic changes, and changes in
bacterial populations and activity
compared to healthy individuals.

Disruption of the intestinal
epithelia, a filtering mechanism
that controls what can pass into the
body from the digestive system. A

well-functioning intestinal epithelium
will accept what it deems useful and
keep harmful matter out. Studies find
that MP and NP affect the mucus
secretions of the gut as well as the
number of neutrophils (white blood
cells) present.

Impairing the immune function of
microphage cells, another protective
mechanism of the gut. Microphages
police the gut, absorb contaminants,
and help expel them from the body.
Exposure to plastic particles induced
metabolic changes in these cells that
may indicate increased

oxidative stress and can trigger
intestinal dysfunction.

Potentially damaging the mucus
layer of the colon, which may

contribute to early-onset colorectal
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cancer by “reducing its protective
effect.” Another study found
disruption of the colon epithelium
accelerated development of colitis,
triggering “severe bodyweight loss,
diarrhea, bloody stools, macroscopic
and pathological damage, and
inflammation levels.”

How our bodies deal with MP and
NP particles that pass into our
digestive systems may depend on
their size. The European Food Safety
Authority concluded that the body
excretes 90% of particles larger than
150 microns into fecal matter. By
contrast, an earlier study showed
roughly a third of 50 micron particles
were absorbed by the gut, then mov-
ing throughout the body, including to
the blood, marrow, liver, and spleen.
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: Other

90,000 PLASTIC
PARTICLES PER YEAR

Highest plastic
concentration in
lower lung ares

HOW PLASTICS CAN AFFECT

LUNG FUNCTION

The low weight of MP and NP
particles allows them to spread
easily through the air. A 2023 study
assessing plastic pollution in rain
clouds found significant concentra-
tions of MP and NP particles ranging
from 6.7 to 13.9 pieces per liter,
adding to evidence that airborne
plastic pollution is a global phenom-
enon. Research also finds MP and
NP _contamination levels are espe-
cially prevalent in homes, workplac
es, and public spaces. Estimates of
inhalation exposures range up to
90,000 particles/year. A 2022 study
detected plastic particles in 11 of 13
human lung tissue samples, with the
highest concentrations found in lower
portions of the lungs.

Studies of health effects continue,
but research is currently investigating
impacts of MP and NP particles on
lung function such as the following:

Damage to lung cell DNA, indicated
by “breakage of chromosomes or
whole chromosome loss,” associated
with genotoxic impact on cells.

Measurable increases in the
number of cytokines, proteins that
work to fight infections and inflam-
mation, which has been shown to
exacerbate chronic lung conditions
such as COPD and asthma.

Higher levels of reactive oxidative
stress in lung cells, a reaction

Resin
' PP @ PET
Resin ' PE
) PTFE PS
" PAN " PES
» PMMA © PUR
) SEBS ' TPE

associated with development,
proliferation, and metastasis of
cancer.

Physical damage to lung tissue,
including pulmonary fibrosis similar
to effects seen in humans suffering
from occupational lung diseases
associated with exposure to airborne

plastic fibers.

Acceleration of apoptosis
(programmed cell death) and other
cytotoxic (cell-killing or cell-
damaging) effects. This same study
concluded MP and NP are capable
of overcoming barriers in the body
“to penetrate and accumulate in
organs and tissues.”
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Microglia activation

HOW PLASTICS CAN AFFECT

BRAIN FUNCTION

A study of neurotoxic effects of
plastic particles outlines several
possible uptake pathways that
expose the brain to MP and NP,
including inhalation and gastrointesti-
nal absorption. After passing through
the gut or lungs, particles translocate
into the blood and pass through the
Blood-Brain Barrier (BBB). Modeling
the mechanisms by which MP and
NP enter the brain remains in early
stages, though laboratory research
with rats and fish shows it does
occur. The process can be
surprisingly fast, with one study of
mice showing NP _entering the brain
within two hours of ingestion.
Variables such as particle size,

chemical composition, and a “protein
corona” effect may all influence the
degree of microplastic absorption

SAFE PIPING MATTERS
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Inflammatory
cell death

Neuron damage

Disruption of “cognitive function
and short-term memory

impairment” due to ingestion of

through the BBB.

Once plastic particles are inside the
brain, research has found several
effects on cognitive function and
brain health:

Nanoplastics in the brain activate
microglia, cells critical to
maintenance of brain tissue that
look for plaques and damaged
neurons and synapses. This
activation likely causes neurotoxicity
as the microglia work to eliminate
the foreign particles.

plastic particles. Removing the
exposure to MP and NP allowed
the brain to recover.

Increases in oxidative stress that
can damage cells and increase their
“vulnerability to develop neuronal
disorders,” including ALS,
Alzheimer’s, Huntington'’s, and
Parkinson'’s.
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Reproductive system dysfunction

*ROS overgeneration

* Oxidative stress

*DNA fragmentation

* Apoptosis

* Pyroptosis

* Necroptosis

* Cytoskeleton disturbance
*Inflammation

HOW PLASTICS CAN AFFECT
REPRODUCTIVE SYSTEMS

As with the brain, reproductive
organs get exposed to plastic
particles that enter the body via the
gut and lungs, passing through the
bloodstream and into the testes and
ovaries. Structured animal research
has found that MP and NP may
accumulate in these areas, where
they impact the quality and function
of reproductive cells. In humans,
researchers worldwide are
observing disturbing declines in
sperm counts and female fertility,
as well as increases in fetal
development problems. Studies of
reproductive impacts of MP and NP
exposure include:

"Microstructural and functional
damage to ovaries,” including
oxidation effects, reductions in
follicle development, and hormonal
imbalances. Reduced ovarian capac
ity and negative impacts on oocytes,
the cells that produce ova.

Increases in structural defects of
sperm, including “two-tailed, hook-
less, or swollen neck deformities.”

Identification of MP in human
placental tissue, with researchers
hypothesizing that MP may affect
cellular pathways in the placenta
in ways that could increase rates
of “adverse pregnancy outcomes”

including “preeclampsia and fetal
growth restriction,” due to
interruptions caused by MP on
mechanisms regulating cell growth
and development.

Endocrine-disrupting chemicals
released from microplastics. This
disruption can directly impact fetal
neurodevelopment, one factor that
may contribute to a global increase
in autism, attention disorders,
childhood depression, dyslexia, and

other disorders.

MP and NP that cross the placenta
barrier “adversely affect embryonic
brain-like tissue development.”
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HOW PLASTICS CAN INCREASE
EXPOSURE TO TOXINS AND DISEASE

Concentrations of MPs and NPs
are increasing in water, soil and air
across the globe. These particles are
not benign; research shows that the
chemicals they contain interact with
other compounds, including
pollutants, heavy metals, persistent
organic chemicals and biological
pathogens. Due to their small size
and chemical persistence, MPs and
NPs move readily between
environmental media, migrating
through water, the atmosphere, and
agricultural systems. This dynamic
transport increases the risk of human
exposure not only through drinking
water, but also via inhalation of
airborne particles and ingestion

of contaminated crops and food.
When organisms, humans included,
ingest contaminated water or food,

plastic particles can act as vectors
for a wide array of toxic or infectious

agents, heightening the potential for

harmful exposure and
bioaccumulation.

The specific type of plastic particle,
the chemicals they contain, and their
age all affect the degree to which
MP and NP absorb and release
contaminants. In general, older and
softer plastics can host more such
contaminants by absorbing them. By
contrast, harder (more crosslinked)
plastics tend to interact through
weaker adsorption processes, more
easily releasing the contaminants.
That being said,

Research into these effects finds a
wide range of potential impacts:

© As plastic particles age in the
environment, they undergo
physical and chemical changes
that “increase their affinity for
other, more dangerous

compounds, among them metal
ions” such as lead, titanium, silicon
and iron, as well as metalloids
like arsenic.

Plastic particles attract persistent
organic pollutants, including
neurotoxic hexachlorocyclohexanes
and dangerous forever chemicals
like per- and polyfluorinated alkyl
substances (PFAS). Concentrations
of such pollutants on MP can
range up to six times higher than
found in the surrounding
environment.

Plastic particles also readily
interact with hydrophobic organic
chemicals like PCBs
(polychlorinated biphenyls) and
PAHs (polycyclic aromatic
hydrocarbons) that are both toxic_
and carcinogenic.
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Researchers are also studying pathogens, such as cryptococcal
leaching of endocrine-disrupting and Phoma-like species” that will
chemicals such as DEHP and BPA lead to pneumonia if they infect
from PVC, testing variables such the lungs or meningitis if they
as temperature, agitation, and infect the brain.
particle size.

Plastic particles may amplify
Plastic particles in soil - from development of antibiotic-resistant
landfills to farms and beyond - pathogens. They acquire biofilms
can become “selective artificial that represent “a potential hotspot
microhabitats” that “accumulate for the horizontal gene transfer
certain opportunistic human (HGT) of antibiotic resistance

REGULATORY GAPS
IN EXPOSURE ASSESSMENT

According to a 2022 study, the U.S. for chemical mixtures, and heavy
has over 42,000 chemicals in reliance on assumptions rather than
active use, but the vast majority have empirical evidence. These gaps
never been evaluated for safety. suggest that regulators may be

Even among high-production-volume underestimating the risks posed by
chemicals, fewer than 10% can be plastic pipe degradation and its
detected in biomonitoring studies. cumulative impacts on health.

This lack of data and transparency

limits our understanding of what is The precautionary principle suggests
actually leaching from plastic pipes that when emerging evidence points
into drinking water. The study also to potential harm, such as the
highlights problems with outdated confirmed release of MP and
exposure models, failure to account chemicals from aging plastic pipes,

SAFE PIPING MATTERS

genes (ARGs).” Biofilms on MP

accelerate the production of ARGs
by up to 1,000 times compared to

natural substrates.

regulators and specifiers should

err on the side of protecting public

health. To align with this approach,
architects, engineers, and building

owners must re-evaluate the use of

plastic piping in applications where
safe, proven alternatives exist.
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WHAT SHOULD COME NEXT?

The evidence reviewed above links
microplastic (MP) and nanoplastic
(NP) particles to biological effects
that span the gut, lungs, brain, and
reproductive organs—and
increasingly suggests carcinogenic,
genotoxic, and systemic risks. Though
many questions remain regarding
precise dose-response relation-
ships, the intensity and persistence
of exposures warrant application of
the precautionary principle when it
comes to using plastic in plumbing
systems.

Current water treatment systems may
limit MPs and NPs at the source, but
contamination introduced
downstream, particularly from plastic
plumbing, often goes unmonitored
and unmitigated. Effective actions
must now focus on reducing
exposure before ingestion.
Recommendations for architects,
engineers, building occupants, and
community leaders follow.

ARCHITECTS

Specify low-risk materials during
design. Favor non-plastic piping
in drinking-water systems, par-
ticularly in areas with elevated
temperature or higher pressure
operation.

Avoid PVC especially, and align
with design standards such as
LEED, WELL, and the International
Living Future Institute’s Materials
Petal.

Review design of pipe systems to
minimize stagnation risks. Avoid
long horizontal runs and dead
legs that encourage stagnant
water. Even short stagnation
periods can increase MPs in
water by up to 10X, especially in
PVC and PE pipes.

ENGINEERS

{,

sdé.
W

Mandate flushing protocols for
new installations. Based on

<

research by Whelton and others,
most PEX pipes continue leaching
chemicals for weeks post-
installation. Regular flushing,
including high-flow runs during
commissioning, can significantly
reduce early-stage
contamination.

Specify proven material approv-
als for potable systems. Require
piping that meets independent
testing standards such as NSF/
ANSI 61 and 14, and avoid
brands/clusters shown to release
compounds like MTBE or toluene.

HOMEOWNERS

-
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Request alternatives to plastic
pipe materials, especially for

water supply and distribution

systems.

Install point-of-use filters capable
of removing MPs and NPs. Home
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options include reverse

osmosis, distillation units, or
ultra-fine filtration systems—some
certified to remove particles as
small as 0.0001 pm.

Monitor and maintain water
quality proactively. Flush taps reg-
ularly, especially after periods of
low use, and consider third-party
testing for MPs and chemical
contaminants in aged or plas-
ticbased plumbing installations.

COMMUNITY AND
INDUSTRY LEADERS

Question manufacturer claims of
safety and code compliance.
Manufacturers have been criti-
cized for cherry-picking data and
misrepresenting product safety.

Advocate for transparency and
independent testing. Encourage
manufacturers to publish brand-
level testing data, especially for
chemical leaching from PEX and
PVC pipes. Numerous studies
have identified over 150
contaminants leaching from
different pipe brands.

Support policy initiatives to

include post-installation monitor-
ing. Regulatory gaps mean that
most exposure risk assessments

ignore post-distribution emissions.

Policies should evolve to require
periodic testing of plastic pipes
during operation.

ACKNOWLEDGEMENTS

The Safe Piping Matters team is
dedicated to providing design and
construction professionals the best
information on safe, resilient, and
sustainable plumbing systems. We
believe systems should not only im-
prove building performance, but also
protect the health of the

people who live and work in

them. More information at
SafePipingMatters.org.

Additional Resources

Safe Piping Matters offers free
educational materials that explain

a range of issues related to pipe
materials and the plumbing
industry, including research updates,
our Plumbing Specification Guide,
and AEC webinars on a range of
health and safety topics.

Visit www.SafePipingMatters.org

for more information.
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By translating emerging science
into tailored actions for design,
engineering, and domestic contexts,
these recommendations can help
safeguard water quality and protect
public health from plastic-derived
contaminants.

Safe Piping Matters would like to
thank the following organizations
who provided feedback on this
report:

The Alliance for Sustainable
Building Products (asbp.org.uk)

Copper Sustainability
Partnership (cuspuk.com)

Habitable
(habitablefuture.org)

Poly Pipe News

15


https://safepipingmatters.org/
http://www.SafePipingMatters.org
http://asbp.org.uk
http://cuspuk.com
http://habitablefuture.org

