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HOW COMMONLY USED
PLUMBING MATERIALS CONTRIBUTE
TO SIGNIFICANT RISKS

Academic research identifies plastic
pipes as a significant source of
microplastics (MP) and nanoplastics
(NP) in potable water systems. An
analysis by Swietlik and Magnuc-

ka of water and pipes taken from
water-transmission systems in 2023
found that both PVC and PE pipes
crack and peel “relatively quickly”
as they age, due to interactions
between the plastic materials with
water and additives used for disin-
fection. As the interior surfaces of
these pipes degrade, they release
particles of plastic into water. When
people ingest the MP and NP flaking
from plastic pipes, it adds to their al-
ready significant exposure to plastic
pollution, as illustrated by analysis
showing an average person
consumes about one credit card’s
worth of plastic each week.

Plastic debris in the environment
has physical and chemical proper-
ties that can create serious health
impacts. This report summarizes
research on how plastic pipes shed
MP and NP and reviews the effects
that these particles can have on the
gut, lungs, brain, and reproductive
systems, along with risk factors for
the spread of pathogens

and disease.

SAFE PIPING MATTERS

What are microplastics
and nanoplastics?

Plastics used in plumbing and
other building products include
materials such as chlorinated
polyvinyl chloride (CPVC),
crosslinked polyethylene (PEX),
polyethylene (PE), and polyvinyl
chloride (PVC). Chemical and
physical 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. If
smaller than 0.1 microns, they are
nanoplastics. 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 pipe, these
particles pass to faucets and fix-
tures, increasing human exposure
to plastic compounds, along with
chemical additives such as antioxi-

dants, fillers, flame retardants, pig-

ments, plasticizers, and stabilizers.

According to research on plastic
leachates published in the journal
Case Studies in Chemical and
Environmental Engineering, micro-
plastics and nanoplastics increase
the rate of “plasticisers leaching,
adsorption/desorption of
hazardous chemicals and patho-
gens 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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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 to
360,000,000 metric tons in 2018.

Existing water-treatment technologies
are relatively effective at removing
MP and NP contamination from
public water sources, raising
questions of whether plastic
particles may be introduced from
plastic piping systems themselves as
treated 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 plastic plumbing
materials might represent a source
of MP & NP in water. Their methods
included a straightforward compari-
son 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
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increases as water moves through
pipes made of plastic.

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. Microbi-
al activity represented an accelerant,
with research finding that metabolic
processes carried out by microorgan-
isms that grow and coat the insides
of pipes - known as biofilms -
“aggravate the material degradation

process” of plastic. Each of these
aging factors affects the base
polymer, changing their structure
and/or properties in ways described
later in this report.
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Academic research identifies plastic
pipes as a significant source of
microplastics (MP) and nanoplastics
(NP) in potable water systems. An
analysis by Swietlik and Magnuc-

ka of water and pipes taken from
water-transmission systems in 2023
found that both due to interactions
between the plastic materials with
water and additives used for
disinfection. As the interior surfaces
of these pipes degrade, they release
particles of plastic into water. When
people ingest the MP and NP flaking
from plastic pipes, it adds to their al-
ready significant exposure to plastic
pollution, as illustrated by analysis
showing an average person con-
sumes about one credit card’s worth
of plastic each week.
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Plastic debris in the environment
has physical and chemical proper-
ties that can create serious health
impacts. This report summarizes
research on how plastic pipes shed
MP and NP and reviews the effects
that these particles can have on the
gut, lungs, brain, and reproductive
systems, along with risk factors for
the spread of pathogens

and disease.

“Researchers found
damage was higher
for smaller-diameter
pipe —mainly used
for plumbing inside
buildings.”

SAFE PIPING MATTERS
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SAFE PIPING MATTERS

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.

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

Researchers analyzed microscopic
images of PVC pipe showing exten-
sive 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 “peel-
ing and detachment of the polymeric

material,” forming NP that were
released into the distributed water.

Types of damage varied depend-
ing 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 frag-
ments of torn material. Since these
smaller pipes are mainly found near
the ends of water distribution net-
works, including within homes, they
can “significantly” expose consumers
to “unwanted microplastics... via tap
water.”

The increased irregularity and porosi-
ty of the polymer was also found to
harbor mineral deposits and dense
biofilms. The growth and waste
byproducts from microorganisms

can biodegrade pipe structure and
impact quality of distributed water.

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

Aldehydes - A family of com-
pounds 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, im-
mune 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.
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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

Most common contaminants from
PE pipes included the following:

Aldehydes, ketones, and esters -
These compounds have a range of
health impacts, including increas-
ing cancer risk, irritating skin and
mucous membranes, and impact-
ing reproductive function including
reductions in sperm count.

Aromatic hydrocarbons - These
compounds include carcinogens
such as benzene. Studies of im-
pacts on water quality following
fires have found levels up to 40,000
times the legal limit in water sys-
tems.

Phenols - These compounds are
considered “quite toxic to humans
via oral exposure,” with impacts on
internal organs, as well as repro-
duction 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 mi-
croorganisms 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 need-
ed 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-wa-

ter 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 byprod-
ucts from interactions with water and
chemicals used to suppress microbial
growth:

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

SAFE PIPING MATTERS

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.” Chlo-
rine-derived chemicals of concern
include trihalomethanes and halo-
acetic acids, both of which have toxic
health effects such as damage to
the kidneys, liver, lungs, and mucous
membranes.

used for building construction and
maintenance, including firestopping
compounds, fungicides and/or mold
inhibitors, dishwashing liquids, HVAC

lubricants, and many others listed by
manufacturers.

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

CPVC pipe is susceptible to dam-
age from incompatible chemicals,
including many common materials

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.

A 2014 study found PEX pipes
release 11 volatile organic chemi-
cals, 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 contaminat-
ed 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 an-
imal organs, including the gut, lungs,
brain, and reproductive systems.
The impacts they are finding include
possible degradation of organ
function and associated impacts on
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overall health. The chemical and
physical characteristics of MP and
NP can also carry other substances
and organisms that adhere to the
particles, amplifying the reach and
concentrations of harmful environ-
mental 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 D 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 includ-
ing 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 cen-
ters, and a review of over 400 data
points across 26 studies estimated
that those who drink only tap water
ingest about 4,000 particles 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 parti-
cles per year from food.

Much more research is needed, but
lab studies have demonstrated signif-
icant 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 epi-
thelia, 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 oxida-
tive 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 ef-
fect.” Another study found disruption
of the colon epithelium accelerated
development of colitis, triggering
“severe bodyweight loss, diarrhea,
bloody stools, macroscopic and

pathological damage, and inflamma-

tion 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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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 num-
ber of cytokines, proteins that work
to fight infections and inflammation,
which has been shown to exacer-
bate chronic lung conditions such as
COPD and asthma.

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

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-damag-
ing) 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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https://www.sciencedirect.com/science/article/pii/S0160412022001830?via=ihub
https://erj.ersjournals.com/content/25/1/110
https://erj.ersjournals.com/content/25/1/110
https://erj.ersjournals.com/content/25/1/110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10145381/pdf/materials-16-03123.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10145381/pdf/materials-16-03123.pdf
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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 surprising-
ly 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 through

SAFE PIPING MATTERS
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cell death

Neuron damage

Disruption of “cognitive function
and short-term memory impair-

ment” due to ingestion of plastic

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.

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

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 observ-
ing disturbing declines in sperm
counts and female fertility, as well as
increases in fetal development prob-
lems. 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

’

* ROS overgeneration

» Oxidative stress

* DNA fragmentation

* Apoptosis

* Pyroptosis

* Necroptosis

* Cytoskeleton disturbance
* Inflammation

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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https://www.sciencedirect.com/science/article/pii/S0048969723048830
https://www.sciencedirect.com/science/article/pii/S0048969723048830
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6032228/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6032228/
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HOW PLASTICS CAN INCREASE
EXPOSURE TO TOXINS AND DISEASE

Concentrations of MP and NP are
increasing in the air as well as in
aquatic and terrestrial environments
worldwide. Research shows the
chemicals in plastic particles can
react with other compounds - such
as persistent chemicals and pollut-
ants, heavy metals, and biological
pathogens - especially in water.
When organisms (including humans)
ingest contaminated water or food,
the plastic particles serve as a vector
for these other substances, creating
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.

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

Runoffs and degradV

ralp

Gene
exchange

like PCBs (polychlorinated biphenyls)
and PAHSs (polycyclic aromatic hy-
drocarbons) that are both toxic and

carcinogenic.

Plastic particles in soil - from
landfills to farms and beyond - can
become “selective artificial micro-
habitats” that “accumulate certain
opportunistic human pathogens

such as cryptococcal and Phoma-like
species” that will lead to pneumonia
if they infect the lungs or meningitis if
they infect the brain.

Plastic particles may amplify devel-

opment of antibioticresistant patho-
gens. They acquire biofilms that

represent “a potential hotspot for
the horizontal gene transfer (HGT) of
antibiotic resistance genes (ARGs).”
Biofilms on MP accelerate the pro-
duction of ARGs by up to 1,000 times
compared to natural substrates.
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https://www.researchgate.net/publication/363514879_Microplastics_as_vectors_of_environmental_contaminants_Interactions_in_the_natural_ecosystems
https://www.researchgate.net/publication/363514879_Microplastics_as_vectors_of_environmental_contaminants_Interactions_in_the_natural_ecosystems
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https://backend.orbit.dtu.dk/ws/files/131007501/Hartmann_Microplastic_postprint_2_.pdf
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https://www.atsdr.cdc.gov/csem/polychlorinated-biphenyls/adverse_health.html
https://www.atsdr.cdc.gov/csem/polychlorinated-biphenyls/adverse_health.html
https://www.nature.com/articles/s41598-021-92405-7
https://www.nature.com/articles/s41598-021-92405-7
https://www.sciencedirect.com/science/article/abs/pii/S0304389423013687
https://www.sciencedirect.com/science/article/abs/pii/S0304389423013687
https://www.sciencedirect.com/science/article/abs/pii/S0304389423013687
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WHAT SHOULD COME NEXT?

The studies reviewed above show
the serious ways in which MP and
NP particles impact the human
body, from causing changes in the
gut and lungs, to triggering further
effects in the brain and reproduc-
tive systems that have potential to
affect human health adversely. Many
other research studies are looking at
additional issues, including |car-
cinogenic and genotoxic effects on
humans and other animals, as well
as harm to plants and other organ-
isms. Researchers still do not fully
understand how MP and NP affect
the body, but the existing body of
evidence suggests that following the

precautionary principle is warranted
with regard to plastics.

While treatment systems limit trans-
mission of MP and NP from drink-
ing-water sources, contamination that
enters the system after that point
remains largely unmonitored and
unmitigated. The research showing
that MP and NP shed from plastic
plumbing materials poses a ques-
tion: How can we reduce ingestion
of these harmful particles? Adding

a filter at point of use is one option.
Replacing aging plastic pipe with
alternative materials such as copper,
cast-iron, or other proven materials is
another option. An upcoming report
will give a comprehensive view of
the possibilities.

SAFE PIPING MATTERS

The Safe Piping Matters team is
dedicated to providing design
and construction professionals
the best information on safe,
resilient, and sustainable piping.
We believe systems should not
only improve building
performance, but also protect the
health of the people who live and
work in them. More information at
SafePipingMatters.org.

We would like to thank
contributors from the following
organizations who provided
feedback on this report:

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

Copper Sustainability Partnership
(cuspuk.com)

Healthy Building Network
(healthybuilding.net)
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