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Legislative Report

The Washington Department of Ecology, in consultation with the Washington Department of
Health, developed this report during Phase 2 in the implementation process for Chapter 70.365
RCW.! This report is required by RCW 70.365.030(1)?:

“(1) Every five years, and consistent with the timeline established in RCW 70.365.050, the
department, in consultation with the department of health, shall identify priority consumer
products that are a significant source of or use of priority chemicals. The department must
submit a report to the appropriate committees of the legislature at the time that it identifies a
priority consumer product.”

What this report includes

This report identifies the eleven products listed in Table 1 as priority consumer products under
the Safer Products for Washington program.

Table 1. Priority consumer products.

Electric and electronic equipment (plastic device casings)
Recreational polyurethane foam products

Paints and printing inks

Carpet and rugs

Leather and textile furnishings

Aftermarket stain and water resistance treatments

Food and drink cans (can linings)

Thermal paper
Laundry detergent

Vinyl flooring

Personal care and hygiene products (fragrance)

! https://app.leg.wa.gov/RCW/default.aspx?cite=70.365
2 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Executive Summary

Legislative requirement

In 2019, the Washington State Legislature directed the Washington Department of Ecology
(Ecology), in consultation with Washington State Department of Health (Health), to implement
a regulatory program to reduce toxic chemicals in consumer products (Chapter 70.365 RCW).3

The law requires Ecology to identify priority consumer products that are significant sources or
uses of the five priority chemical classes. The implementation program is called Safer Products
for Washington.

This report, which identifies our priority products and details how they meet the criteria in the
law, does not establish regulations or restrictions on these chemical-product combinations.

Background

Small, steady releases of chemicals coming from millions of consumer products are the largest
source of toxics entering Washington’s environment. The Safer Products for Washington
program includes a regulatory process designed to keep harmful chemicals out of homes,
workplaces, schools, and the environment. The law identified the first set of priority toxic
chemical classes. In this report, we identify consumer products that are significant sources and
uses of priority chemicals. In our identification process, we considered the volume of products
and chemicals in Washington, human and ecological exposure, existing regulations, and
potential safer alternatives. We found some promising options and will determine whether
safer alternatives are feasible and available in Phase 3.

Safer Products for Washington creates a systematic approach to reduce exposure to toxic
chemicals found in consumer products. The law directs us to take the following actions:

1. ldentify priority chemical classes.
2. ldentify priority products that are significant sources or uses of those chemicals.

3. Determine if safer alternatives are available and feasible and decide whether to restrict,
require reporting, or take no action on priority chemical-product combinations.

4. Implement restrictions or reporting requirements, if any, through a rulemaking process.
The first set of priority chemical classes identified by the law are:

e Organohalogen flame retardants and flame retardants identified in RCW 70.240.010.4

3 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365
4 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240.010
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e Per- and polyfluoroalkyl substances (PFAS).
e Polychlorinated biphenyls (PCBs).
e Phenolic compounds.
e Phthalates.
We will not identify any of the exempted products outlined in RCW 70.365.030(5) as priority

products under the Safer Products for Washington program. See Appendix 3 for a list of
exemptions.

Stakeholder advisory process

RCW 70.365.050(4)° requires Ecology to create a stakeholder advisory process. To establish this
process, and while this work is ongoing, we developed outreach materials® and held a public
webinar’ to explain the law and its requirements.

After the webinar, we shared which product categories we were researching. We also invited
interested stakeholders to submit information on chemicals and their concentrations in
products, the potential for human or environmental exposure, and possible safer alternatives.

The release of the draft version of this report in January 2020 coincided with a robust outreach
effort. We sent more than 200 individual emails sharing the draft report with retailers,
manufacturers, environmental advocacy organizations, public health agencies, scientific
experts, and more.

In February 2020, we hosted a second webinar® to discuss the implementation process and
explain our rationale for choosing products for further evaluation.

Through these efforts, our email list grew to more than 230 subscribers; subscribers included
representation from every stakeholder group outlined in the law, as well as many members of
the public. During the public comment period for our draft report, we received 1,350
comments, most of which came from the public.

Community members and environmental organizations submitted approximately 1,250
requests for Ecology to investigate more products and broader product categories. We
addressed these concerns by expanding the scope of three product categories and adding two
new products in the current phase.

Manufacturers asked for clearer definitions of product categories. Through our ongoing
research and discussions with manufacturers, we expect to refine the scope of the product

5 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.050

6 https://fortress.wa.gov/ecy/publications/documents/2004007.pdf

7 https://www.ezview.wa.gov/Portals/_1962/Documents/saferproducts/Webinar082919slides.pdf

8 https://www.ezview.wa.gov/Portals/_1962/Documents/saferproducts/February_2020_Webinar_Presentation.pdf
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categories in Phase 3. Any potential regulatory actions will have clear product scopes that we
will develop with stakeholder input.

Some manufacturers shared that they have already phased the priority chemical out of a
product we are considering. Our regulatory process for some products may require certain
actions by manufacturers that have not switched to safer alternatives. Learn more in our
frequently asked questions® and stakeholder engagement process.®

Priority products

Ecology, in partnership with Health, consulted peer-reviewed scientific data, government
reports, and publicly-available economic and market information to determine that the
products shown below are significant sources or uses of the priority chemicals identified in
Chapter 70.365.010(12) RCW. 1

The sources used to support this report are primarily peer-reviewed studies. Because these
studies frequently assess products already in homes or workplaces, they don’t necessarily
reflect the variety of products currently on the market. Therefore, in some cases, to provide
insight into current levels, we included additional non-peer reviewed studies on the
concentration or frequency of priority chemicals in products. Our calculations, however, are
based only on government and peer-reviewed data.

Our work in Phase 3 will focus on reviewing new information and data we expect to receive
from manufacturers. This will help us determine whether priority chemicals are still present in
priority consumer products and, if so, whether regulatory actions are needed.

Priority products are significant sources or uses of priority chemicals because they contribute to
human exposures or environmental releases. As outlined in the law, at this stage (Phase 2), we
included all the chemicals in the class that are reported in a particular priority product. We
recognize that not all chemicals in a class serve the same function in products.

We are concerned about the threat to human and environmental health that these chemicals
pose when they are used, disposed, and released. Governor Inslee’s Southern Resident Orca
Task Force®? listed chemicals within each of these priority chemical classes as chemicals of
emerging concern.

% https://ecology.wa.gov/ToxicsinProducts

10 https://www.ezview.wa.gov/Portals/_1962/Documents/saferproducts/Stakeholder_Engagement%20_Process.pdf
1 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.010

12 https://ecology.wa.gov/Water-Shorelines/Puget-Sound/Orca-task-force
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Table 2. Priority products and major concerns related to the criteria defined in 70.365.

Electric and electronic
equipment (plastic device
casings)

Recreational polyurethane
foam products

Paints and printing inks
Carpet and rugs

Leather and textile
furnishings

Aftermarket stain and water
resistance treatments for
textile and leather products

Food and drink cans (can
linings)

Thermal paper

Laundry detergent

Vinyl flooring

Personal care and hygiene
products (fragrance)

Why we chose these priority products

Human exposure, volume used,
contamination from recycling

Human exposure

Environmental release

Human exposure, volume used,
environmental release

Human exposure,
environmental release

Human exposure, volume used,
environmental release

Human exposure, volume used

Human exposure, volume used

Environmental release
Human exposure

Volume used

The following sections summarize the five priority chemical classes and the priority products
that are major sources of exposure to each chemical class. Scientific evidence shows that these
products contribute significantly to the concentrations of priority chemicals found in homes,
workplaces, and the environment.

Publication 20-04-019
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Flame retardants

Flame retardants from consumer products can accumulate in our homes, schools, and
workplaces. Exposure to flame retardants is associated with a number of health concerns,
including endocrine and immune system disruption, reproductive toxicity, cancer,
neurotoxicity, and adverse impacts on child development.

Flame retardants from consumer products can also be released into the environment, where
some accumulate in wildlife and people. Because of these concerns, some flame retardants are
considered persistent, bioaccumulative, toxic (Chapter 173-333 WAC?*2), and chemicals of high
concern to children (Chapter 70.240 RCW'4).

Electric and electronic equipment (plastic device casings)

Priority chemical: Organohalogen flame retardants and flame retardants identified under
Chapter 70.240 RCW.

Priority product summary: Electric and electronic equipment with plastic device casings are a
significant use of flame retardants. This product category is broad in scope because the
component we're focusing on, the plastic enclosure, serves a similar function across a wide
range of electric and electronic products. Flame retardants are detected in the enclosures of
many of these products.

Examples of these types of products include TVs, printers, and game consoles, as well as other
household electronics like coffee makers, vacuum cleaners, and adaptors. An average home has
30 items with enclosed electronic circuitry. We are concerned about the potential for exposure
to children, workers in occupations involving electronics, and sensitive species.

Recreational polyurethane foam products

Priority chemical: Organohalogen flame retardants and flame retardants identified under
Chapter 70.240 RCW.

Priority product summary: Recreational foam products are a significant source of flame
retardants. Recreational foam products are things like the mats, pads and foam pit cubes found
in recreational gym facilities. We are concerned about exposures to flame retardants from
using these products. Children, workers, and people of childbearing age are exposed to flame
retardants from recreational foam products.

Gymnasts frequently rely on foam products to cushion falls, and several studies have shown
that they have higher exposures to flame retardants than the general population. Replacing the
foam in foam pits at gymnastic facilities has successfully reduced gymnasts’ and coaches’
exposure to flame retardants. While many studies have looked at gymnasts’ exposures,

13 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-333
1 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
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recreational foam products with flame retardants can also be found in other gym facilities
where they are used by a broader population of Washingtonians, many of whom are children.

Polychlorinated biphenyls (PCBs)

PCBs in consumer products contribute to human and environmental exposure. Exposure is
associated with many health problems, including liver toxicity, endocrine disruption, immune
toxicity, and impaired reproduction. Based on their toxicity, persistence in the environment,
and ability to accumulate in wildlife and people, PCBs are considered persistent,
bioaccumulative, and toxic (Chapter 173-333 WAC?®).

Intentional uses of PCBs were phased out of most consumer products in the late 1970s.
However, PCBs can still be inadvertently generated through the pigment manufacturing
process. The persistence of PCBs in the environment means reducing current PCB releases from
consumer products will help prevent additional long-term environmental consequences.

Paints and printing inks

Priority chemical: Polychlorinated biphenyls (PCBs).

Priority product summary: Paints and printing inks are a significant source of unintentionally
generated PCBs. Most bodies of water in Washington are contaminated with PCBs, which have
many toxic effects, accumulate in people and animals, and contaminate the food supply.
Although banned “legacy” sources of PCBs are still dominant in testing, studies suggest that
paints and printing inks are the product group contributing the most new PCBs to the
environment.

Per- and polyfluoroalkyl substances (PFAS)

PFAS represent a large class of chemicals that are highly persistent and can be bioaccumulative
and toxic. Many PFAS have been associated with health problems, including immune system
toxicity, reproductive impairment, developmental toxicity, and liver and kidney toxicity
(Ecology, 2019a). As more PFAS studies are conducted, we learn that more are toxic.

PFAS are problematic when released due to their persistence and ability to move through the
environment. They can be found in most environmental samples. This is especially concerning
when they enter drinking water—removing them from drinking water is extremely challenging.
Some chemicals within this class are considered persistent, bioaccumulative, toxic (Chapter
173-333 WAC), and chemicals of high concern to children (Chapter 70.240 RCW18).

15 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-333
16 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
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Carpets and rugs

Priority chemical: Per- and polyfluoroalkyl substances (PFAS).

Priority product summary: Pretreated carpets and rugs are significant sources and uses of
PFAS. Carpets contribute to human PFAS exposure, particularly for children who spend more
time on or near the floor. PFAS are environmentally persistent and decompose very slowly,
making cleanup difficult.

Aftermarket stain and water resistance treatments

Priority chemical: Per- and polyfluoroalkyl substances (PFAS).

Priority product summary: Treatments for stain and water resistance are applied to a wide
variety of consumer products and are significant sources and uses of PFAS. We estimate that
people in Washington use 2,300 metric tons (approximately 5 million pounds) of treatments on
carpet alone each year. PFAS in treatments are usually applied as liquids, foams, or aerosols.
This makes them more likely to migrate from the products to indoor air and dust versus PFAS in
pretreated products, like furniture and carpet.

Since children spend more time on the floor, they are disproportionately exposed to dust that is
contaminated with PFAS from treatment products. Further, contact with treated textiles, like
sitting on a couch that was treated for stain resistance, for example, could also potentially
expose people to PFAS. Spills and improper disposal of these products can also release PFAS
directly into the environment.

Phenolic compounds

Phenolic compounds, such as bisphenols and alkylphenol ethoxylates, are found in consumer
products. Exposure to both bisphenols and alkylphenol ethoxylates is associated with endocrine
disruption, which can lead to obesity. Two bisphenols within this class, bisphenol A and
bisphenol S, are listed as chemicals of high concern to children (Chapter 70.240 RCW?/). Some
alkylphenol ethoxylates are persistent in the environment and can accumulate in wildlife and
people. These factors, combined with their aquatic toxicity, make environmental releases of
alkylphenol ethoxylates particularly concerning.

Food and drink cans with linings
Priority chemical: Phenolic compounds—Bisphenols.
Priority product summary: Can linings are a significant use of phenolic compounds. About 2.5

billion cans are sold each year in Washington, and testing as late as 2017 shows that a large
proportion of those may contain bisphenol-based can liners.

7 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
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The largest source of exposure to bisphenol A (BPA) is from foods and drinks. Consuming
canned food leads to higher concentrations of bisphenols in our bodies. BPA does not persist
very long in the body, so its widespread detection in people shows that exposures happen
often. This is especially concerning for children, who may be more affected by these chemicals
during sensitive stages of physical and cognitive development.

Thermal paper

Priority Chemical: Phenolic compounds—Bisphenols.

Priority product summary: Thermal paper, which is paper coated with a material that changes
color when exposed to heat, is a significant source and use of phenolic compounds. About
3,300 tons of thermal paper are used every year in Washington, and testing shows that much of
it contains bisphenols.

People absorb the bisphenols from thermal paper through their skin, which raises its
concentration in their bodies. Retail workers have higher exposure than the general population
due to their frequent contact with thermal paper like receipt tape. Another concern is
environmental exposure, especially from recycling of thermal paper—the largest source of BPA
to the environment.

Laundry detergent

Priority chemical: Phenolic compounds—Alkylphenol ethoxylates.

Priority product summary: Laundry detergents are a significant source of phenolic compounds.
Studies show that institutional cleaners—including laundry detergent—are the largest use of
alkylphenol ethoxylates (APEs). Data suggests that Washingtonians use up to two million
pounds of laundry detergent per year, which could contain APEs.

Laundry detergents with APEs are washed down the drain and make their way through
wastewater treatment plants or domestic septic systems into bodies of surface and ground
water. APEs and their alkylphenol components are already restricted in many other countries,
which reduced their presence in the environment in those areas.

Phthalates

Consumer products release phthalates into our homes, schools, and workplaces as they
degrade. Exposure to phthalates is associated with endocrine disruption, impaired reproduction
and prenatal development, neurodevelopmental impacts, and potentially asthma. Some
phthalates are listed as chemicals of high concern to children (Chapter 70.240 RCW*8). While
phthalates are not environmentally persistent, their constant release into the environment
poses health concerns and has led to recontamination of clean-up sites.

18 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
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Vinyl flooring

Priority chemical: Phthalates.

Priority product summary: Vinyl flooring is a significant source of phthalates. As recently as
2016, vinyl flooring was estimated to contain phthalates at concentrations between 9% and
32% by weight. This means flooring can contribute significant amounts of phthalates to homes
and the environment.

Multiple studies show the connection between vinyl flooring in the home and higher
concentrations of phthalates in both the human body and indoor air and dust. Because
phthalates are not chemically bound to the vinyl, they are released into the environment over
time. We estimate that vinyl flooring may contribute 0.17 metric tons (374 pounds) of
phthalates to Washington’s environment each year.

Personal care and beauty products

Priority chemical: Phthalates.

Priority product summary: Fragrances used in personal care and beauty products are a
significant source and use of phthalates. Women of childbearing age and pregnant women have
higher exposure to the phthalates used in fragrances than men, and this is largely attributed to
their use of personal care products. Among women, women of color have higher phthalate
levels from exposure attributable to fragrances in beauty products. These findings have
important health equity and environmental justice implications.

Further, phthalates are frequently detected in the environment. Studies suggest that fragrances
account for one-third of the 34 tons of phthalates released into Puget Sound annually.

In this report: Priority product chapters

The following chapters of this report provide evidence supporting the inclusion of each
chemical-product combination listed above based on the criteria in Chapter 70.365 RCW. Each
chapter includes a product definition, estimations of the volume used in Washington, potential
for human and environmental exposure, and existing regulations. Our next steps include
assessing whether safer alternatives are feasible and available, then determining whether a
restriction or reporting requirement is appropriate. We will conduct these steps between July
2020 and July 2022.

Publication 20-04-019 10 July 2020



Chapter 1: Electric and Electronic Equipment
(Device Casings)

Overview

Priority product
Residential and office electric and electronic equipment with plastics that encase electric or
electronic components. Examples include:

e TVs, computers, and monitors.

e Fax machines, printers, shredders, and copiers.

e Game consoles, audio and video equipment.

e Other household electronics such as vacuum cleaners, corded phones, coffee makers.

e Remote controls, temperature dials, and adaptors.

This priority chemical-product combination only focuses on the device casing. It does not
include inaccessible electronic components, which are the parts of an electronic product that
are entirely enclosed within the casing and are not capable of coming out of the product or
being accessed during any reasonably foreseeable use or abuse of the product (RCW
70.365.010(5)).*°

Priority chemical

Organohalogen flame retardants and flame retardants identified under Chapter 70.240 RCW?%°
were listed as priority chemicals in RCW 70.365.%!

Organohalogen flame retardants are chemicals intended to slow ignition and progression of
fires. They contain one or more halogen elements bonded to carbon.

The non-halogenated flame retardants identified under Chapter 70.240 RCW are triphenyl
phosphate (TPP), tri-n-butyl phosphate (TNBP), ethylhexyl diphenyl phosphate (EHDPP),
tricresyl phosphate (TCP), and isopropylated triphenyl phosphate (IPTPP).

Exposure to flame retardants is associated with a number of health concerns, including
endocrine and immune system disruption, reproductive toxicity, cancer, neurotoxicity, and
adverse impacts on child development (NIEHS, 2020).

1% https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.010
20 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
2! https://app.leg.wa.gov/RCW/default.aspx?cite=70.365
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Flame retardants from consumer products can also be released into the environment, where
some accumulate in wildlife and people. Because of these concerns, some flame retardants are
considered persistent, bioaccumulative, toxic (Chapter 173-333 WAC?2), and chemicals of high
concern to children (Chapter 70.240 RCW?23).

Priority product summary

Residential and office electric and electronic equipment that contain plastic device casings are a
significant use of flame retardants. We considered the criteria in RCW 70.365.0302* and this
product category contributes to the amounts of flame retardants in our homes, workplaces,
and the environment. Electric and electronic products have the potential to expose infants,
young children, workers in occupations that use or dismantle electronics, and sensitive species,
such as orcas. This product category is broad in scope because the plastic enclosure serves a
similar function across a wide range of electric and electronic products. Flame retardants are
detected in the enclosures of many of these products. Detailed support for our listing of flame
retardants in electric and electronic equipment as a priority product is shown below.

Background

Flame retardants are frequently added to plastic components in consumer goods to meet
flammability standards. Although these standards don’t mandate flame retardants, they do test
materials used in products with electrical components to prevent the likelihood of fires starting
from electrical failures—such as if a battery fails or wiring overheats. For electric and electronic
enclosures, the main flammability standard is UL 94, a standard that provides a method for
classifying ignition characteristics of plastic materials (Underwriter’s Laboratories Inc., 2007).
These enclosures are made from several types of polymer resins such as high impact
polystyrene (HIPS), acrylonitrile butadiene styrene polymers (ABS), polycarbonate/ABS blends
(PC-ABS) and polyphenylene ether/HIPS blends (Pure Strategies, 2005). Because most plastic
resins are highly flammable, many require flame retardants to meet fire safety standards.

Flame retardants can be broadly categorized based on how they are incorporated into the
material: additive and reactive. Additive flame retardants are not chemically bound to the
polymers or chemical materials used in the product but are mixed in the product materials. The
rate that additive flame retardants escape from plastics depends on their size, chemical
properties, and their compatibility with the plastic resin. Reactive flame retardants chemically
bond to the polymers or chemical materials used in the product and become an integral part of
the product structure.

22 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-333
2 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
2 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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In addition to these two categories, there are three main classes of flame retardants:
halogenated (also known as organohalogens), non-halogenated (such as organophosphates),
and inorganic (such as aluminum trihydrate). Organohalogens are the most common class of
flame retardants used in electronic enclosures.

Estimated volume of flame retardants in device casings for
electric and electronic equipment

Historically, octabromodiphenyl ether (octaBDE) and decabromodiphenyl ether (decaBDE) were
flame retardants commonly used in resins for electronic enclosures. But with their phase out, a
number of alternatives have replaced their use. Several studies have screened or tested electric
and electronic enclosures. Common analytes are decaBDE, DBDPE, TTBP-TAZ, TBBPA and RDP.
Table 3 summarizes several flame retardants that have been found in products with electronic
enclosures above 0.1% of total mass. The products noted in bold are items in which an
individual analyte was found in concentrations above 1% of the total mass.

Table 3. Product testing results of flame retardants in electric and electronic enclosures.

Concentration Product types detected
Flame retardants above 0.1% (bold above References
(%)
1%)
Decabrominated Diphenyl N.D.-8.8 Computer monitor, TV, Ballesteros-
Ether (decaBDE) power adaptor, Gbémez, de Boer, &
laminator Leonards, 2014;
Gallen, 2014;
Latimer, 2013
Decabromodiphenylethane N.D.-16 TV, power strip, power  Ballesteros-
(DBDPE) adaptor Goémez et al.,
2014; Jonker, 2016
2,4,6-tris(2,4,6- N.D.-1.9 TV, power strip, Ballesteros-
tribromophenoxy)-1,3,5- electrical adaptors, heat Gémez et al.,
triazine sealer 2014; Jonker, 2016
(TTBP-TAZ)
Tetrabromobisphenol A N.D.-16 TV, power adaptor, CD  Ballesteros-
(TBBPA) player, laminator, Goémez et al.,
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heated mattress, foot
warming pad

2014; Ecology,
2014a; Gallen,

controller, shredder, 2014; Jonker,
battery charger and car 2016; Latimer,
charger, power strip, 2013

router, heat sealer,
tower fan
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Product types detected
Concentration yp

Flame retardants above 0.1% (bold above References
(%)
1%)
1,2-Bis(2,4,6- Unknown Office copier, power Ballesteros-
tribromophenoxy)ethane strip, TV, heat sealer Gdémez et al.,
(BTBPE) 2014; Latimer,

2013

Other studies found total bromine in casings at concentrations greater than 1% using XRF, but
individual analytes were not identified. The products that were not mentioned in Table 3 but
that likely contained a brominated flame retardant were projectors, deep fryers, a clothing iron,
a sandwich press, a microwave oven, a coffee maker, and a space heater (Ecology, 2014a;
Gallen et al., 2014; Latimer, 2013).

In the Ecology (2014) study, two of the samples, a flat iron and a clothing iron, had
concentrations of total bromine greater that 1% and low levels of TBBPA. This could indicate
that the TBBPA was used as a reactive flame retardant. An additional study suggested that
halogenated flame retardant TTBP-TAZ is in TV casings at concentrations ranging from less than
the limit of detection to 30.7% (Schreder, Peele, & Uding, 2017, not peer reviewed).

Plastic enclosures serve a similar function across a wide range of electric and electronic
products. As shown in Table 3, flame retardants are detected in the enclosures of many of
these products.

The amount of flame retardant needed to meet the flame retardancy function depends on
multiple factors including the chemical structure of the polymer, its properties when heated
and when exposed to flames, as well as the type of flame retardants added. Common
concentration ranges for halogenated flame retardants are between 2% and 25% (EPA, 2014c;
Ministry of Environment and Food of Denmark, 2016).

In addition to chemicals with the function of flame retardants, impurities from these chemicals
can also exist. The impurities typically share functional groups and basic structures of the
parent compounds. Several such impurities have been identified in electronic enclosures
(Ballesteros-Gémez et al., 2014; Jonker et al., 2016).

Estimated volume used in Washington

Most households contain items with enclosed electronic circuitry, such as computers (which,
along with laptops, are in 77% of American homes), televisions (96% of homes), monitors, audio
or video equipment, gaming consoles, cameras, clothing irons, vacuum cleaners, etc. (Nielson,
2019; U.S. Census Bureau, 2018). An average household has 30 items with enclosed electronic
circuitry (Mars & Nafe, 2016), and the average replacement rate is estimated at two per year
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(Cleet, 2018). Commercial businesses also own significant (but unknown) numbers of these
items.

Washington’s E-Cycle program collects computers, televisions and monitors (Washington
Materials Management & Financing Authority, 2018). From 2014 to 2018, between four and six
million pounds of plastic enclosures were collected yearly. These items are a major but
unknown fraction of all such enclosures, since not all electronics qualify for acceptance to
Washington’s E-Cycle program, and not all qualified items are recycled.

Potential for exposure to sensitive populations

People, including sensitive populations such as children and workers, can be exposed to
flame retardants used in electronics. Additive chemical flame retardants are not chemically
bound to the treated materials and can migrate out of products. A large number of flame
retardants have been detected in house dust studies. BTBPE (Brown, Whitehead, Park,
Metayer, & Petreas, 2014; Dodson et al., 2012; La Guardia & Hale, 2015; Schreder & La Guardia,
2014) and DBDPE (Brown et al., 2014; Johnson, Stapleton, Mukherjee, Hauser, & Meeker, 2013;
Stapleton et al., 2009) have been widely detected in house dust. TPP was detected in indoor
dust in studies of homes in North Carolina, Boston, California, and Canada (Knudsen, Hughes,
Sanders, Hall, & Birnbaum, 2016; La Guardia, Schreder, Uding, & Hale, 2017; Liu, He, Hites, &
Salamova, 2016; Ma, Venier, & Hites, 2012; Zhou et al., 2014). TTBP-TAZ and TBBPA have also
been found in house dust (Abdallah, Harrad, & Covaci, 2008; Ballesteros-Gémez et al., 2014;
Fromme et al., 2014; Guo et al., 2018; Schreder & La Guardia, 2014).

Flame retardants in electronics can contribute to concentrations in house dust. In 2016,
Canadian researchers found that surface wipes of home and office electronics had detectable
concentrations of organohalogen and phosphorous-based flame retardants. Concentrations in
surface wipes of hard polymer casings were correlated with household dust samples,
suggesting that the additive flame retardants used in electronics contribute to household dust
concentrations (Abbasi, Saini, Goosey, & Diamond, 2016).

A more recent study from the Netherlands found that time, age, hours-of-operation, and use of
the standby function of electronics had significant influences on flame retardant concentrations
in house dust (Sugeng, de Cock, Leonards, & van de Bor, 2018). This supports an older study
that found decaBDE in dust was associated with the presence of televisions in the bedroom
(Allen, McClean, Stapleton, & Webster, 2008). TCP and TPP concentrations in house dust have
been associated with proximity to electronics (Brandsma, de Boer, van Velzen, & Leonards,
2014). Similar relationships have also been found for decaBDE and another organohalogen
flame retardant, Hexabromocyclododecane (HBCD) (Harrad, Abdallah, & Covaci, 2009;
Muenhor & Harrad, 2012).
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The Centers for Disease Control (CDC) analyzed stored urine samples, looking for nine
organophosphate flame retardants to learn more about PBDE replacements in people six years
and older from the 2013 — 2014 NHANES (Ospina, Jayatilaka, Wong, Restrepo, & Calafat, 2018).
CDC developed a new method to measure urinary metabolites (the end-products of the
chemical after it goes through metabolism in the body) for several other organophosphate
flame retardants and found widespread exposure in the general U.S. population. The study
detected the TPP metabolite DPHP in more than 80% of the samples analyzed, suggesting
widespread exposure to TPP. In general, women had higher levels than men, and children had
higher levels than adults. The study comprised a representative sample of the broader U.S.
population, and the results are consistent with previous studies that used only convenience
samples.

DBDPE was detected in less than 10% of samples of maternal blood and breastmilk collected
between 2008 and 2009 in the Sherbrooke region of Canada (Zhou et al., 2014). BTBPE has
been detected at low levels in less than 10% of the samples of maternal blood in Norway
(Cequier, Marcé, Becher, & Thomsen, 2015).

In U.S. residents, TBBPA has been studied in human blood, breastmilk, and fat tissue. TBBPA
was detected in 35% of the 43 breastmilk samples collected in 2004 — 2005 from first-time
mothers in Boston, Massachusetts (Carignan et al., 2012). TBBPA was detectable at low levels in
31% of human fat tissues from people who underwent liposuction surgery in New York City
(Johnson-Restrepo, Adams, & Kannan, 2008).

The only widespread detection of TBBPA was 95% of an Inuit population in northern Canada
that eats marine mammals (Dallaire et al., 2009). TBBPA has also been studied in other
countries and detected in human blood (Alberta Health and Wellness, 2008; Kicinski et al.,
2012; Kim & Oh, 2014) and breastmilk (Cariou et al., 2008; Pratt et al., 2013; Shi, Wu, Li, Zhao,
& Feng, 2009; Shi et al., 2013).

A 2008 study by Abdallah et al. estimated human exposure to TBBPA in adults and toddlers (6 —
24 months) via air inhalation and dust and food ingestion. The study concluded that dust
ingestion appears to be the major pathway of exposure to TBBPA for toddlers in the United
Kingdom. A toddler weighing ten kg and ingesting 200 mg dust per day with TBBPA at the 95th
percentile concentration reported in their study would ingest 100 times more TBBPA via house
dust than through their normal diet.

Workers in certain occupations that are exposed to electronics have been found to have higher
exposure to some flame retardants than the general public. Occupations most likely to have
higher exposures to flame retardants in electronics are office workers, firefighters, and
electronics recyclers. While data on occupational exposures to newer flame retardants is
scarce, many studies have documented the exposure pathways for PBDEs from electric and
electronic products. Sjédin et al. (1999) found elevated PBDEs in computer workers compared
to cleaning personnel. Upon further evaluation, Jakobsson et al. (2002) found certain PBDE
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congeners (distinct PBDE compounds) were approximately five times higher in computer
technicians compared to other clerks and cleaning personnel. Other studies did not find a clear
relationship between exposure to flame retardant-containing equipment and office workers
(Watkins et al., 2011).

Workers recycling electronics are exposed to higher levels of flame retardants. Higher levels of
PBDEs were found in recycling workers in China (Qu et al., 2007) and Sweden (Sjodin et al.,
1999) compared to control groups. Sjodin et al. (1999) found that levels of PBDEs in workers in
an electronics dismantling plant were about five times higher than other workers.

Firefighters are exposed to flame retardants emitted by combusted materials. California has a
firefighter biomonitoring program: the Firefighter Occupational Exposure (FOX) project.
Compared to the general California population, firefighters were found to have higher levels of
several of the eight PBDEs measured in the study (Park et al., 2015). Nearly one third of the
firefighters had particularly high blood levels of decaBDE, but the levels are lower than in
electronic recyclers.

Potential environmental exposure and exposure to sensitive
species

Flame retardants used in electronics have been found in Washington’s environment and
elsewhere. In Washington, PBDE flame retardants have been found in many different
environmental media and appear to be a ubiquitous contaminant in aquatic systems (Ecology,
2006, 2011c, 2011d). Even though some of the most toxic PBDE congeners
(pentabromodiphenyl ether (pentaBDE) and octaBDE) have been restricted since 2004, they are
environmentally persistent and can still be found in many environments.

DecaBDE may be debrominated to form other congeners (Zhao, Rogers, Ding, & He, 2018).
Ecology has detected decaBDE in wastewater treatment plant (WWTP) effluent (Ecology,
2010c), surface water in Puget Sound (Ecology, 2011b), stormwater (Ecology, 2018), sediment
(Ecology, 2011c, 2011d, 2016b, 2017, 2018) and freshwater fish (Ecology, 2006, 2012, 2016a,
2019b).

DBDPE is also found in Washington’s environment. While it was not detected in WWTP effluent
(Schreder & La Guardia, 2014) or sediment (Ecology, 2016c), it has been detected in WWTP
influent (Schreder & La Guardia, 2014) and freshwater fish (Ecology, 2016b). TBBPA was not
detected in freshwater fish in Washington, but it has been detected in a Swedish river
(Gustavsson et al., 2018). BTBPE has been detected in Washington sediment (Ecology, 2016c)
and fish (Ecology, 2019c), but was not detected in more recent sediment or stormwater studies
(Ecology, 2018). There are no Washington-specific data for TTBP-TAZ.
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Flame retardants from electronic enclosures can contribute to environmental flame retardant
concentrations. Flame retardants from electronics can contribute to house dust
concentrations. Contaminated house dust can be tracked outside (Wild et al., 2015), and can be
released into wastewater when we wash textiles with house dust on them (Saini, Thaysen,
Jantunen, McQueen, & Diamond, 2016; Schreder & La Guardia, 2014).

Flame retardants in electronic components can continue to be released after their useful life is
over and they are disposed of in landfills (Choi, Lee, & Osako, 2009; Kim, Osako, & Sakai, 2006;
Osako, Kim, & Sakai, 2004). Electronic products ordinarily have a use life of 5 — 15 years (OECD,
2019). In 2012, EPA estimated that electronic waste comprised 1.4% of the municipal solid
waste stream in the U.S. (EPA, 2014d). In Washington, approximately 0.75% of the disposed
municipal solid waste is electronic equipment (Ecology, 2016d). The plastic components of
electronics (e.g., electronic enclosures) comprise 25 — 30% of the product by weight (Meyer &
Katz, 2016). Based on this and the concentrations noted above, as much as 0.1% of municipal
solid waste mass could be flame retardants from electronic enclosures.

Many electronic components can be recycled, though EPA (2014b) estimated that less than 30%
of electronic products actually are (Meyer & Katz, 2016). Flame retardants can be released into
the environment during the recycling process (Matsukami et al., 2015). In fact, TTBP-TAZ has
been found in e-waste dust (Guo et al., 2018). When new consumer products are manufactured
from recycled material, there is the potential for flame retardants in recycled electronics
plastics to contaminate the new items such as toys, food packaging and other single use plastic
goods (Turner, 2018). This is an additional path by which flame retardants can be released into
the environment when discarded, and through which sensitive populations can be exposed.

Exposure to flame retardants in the environment is a concern for sensitive species. PBDEs,
BTBPE, and other brominated flame retardants are persistent in the environment and can be
transported long distances. This property has made them ubiquitous in environmental media
across the globe and as far away as the Arctic, which is an indicator of persistence and
bioaccumulation used by the Stockholm Convention on Persistent Organic Pollutants (de Whit,
Herzke, & Vorkamp, 2010).

Certain PBDE congeners, such as PBDE 99, are highly bioaccumulative, which is concerning for
species at higher trophic levels. While studies have shown that decaBDE does not
bioaccumulate, lower brominated degradation products (including lower substituted PBDEs)
bioaccumulate in organisms and concentrate in the environment (EPA, 2009c). Chemicals that
bioaccumulate can increase in concentration in animals at higher trophic levels. This process,
termed biomagnification, makes orcas and other predators more vulnerable to bioaccumulative
chemicals in the environment.

Other brominated flame retardants like TBBPA and BTBPE appear to have lower
bioaccumulation potential than PBDEs (La Guardia et al., 2012; Morris et al., 2004). However,
modeled Kow values, which are related to how much chemicals partition between water and fat,
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suggest that many of the replacement brominated flame retardants may still bioaccumulate
(Kuramochi, 2014). Indeed, many have been detected in wildlife, though at lower
concentrations than PBDEs or HBCD (Covaci et al., 2011).

PBDEs have been found in Southern Resident Orcas (O’Neill et al., 2015; Rayne, Ikonomou,
Ross, Ellis, & Barrett-Lennard, 2004; Sloan et al., 2010). Chinook salmon that spend time in
Puget Sound, an important orca food source, also have elevated concentrations of PBDEs
(O’Neill et al., 2015; Puget Sound Partnership, 2017; Sloan et al., 2010). A similar trend has been
observed in Chinook salmon that spend more time near urban areas along the Columbia River
(Sloan et al., 2010).

In 2018, Governor Inslee established the Southern Resident Orca Task Force, a 50-member
workgroup charged with developing plans for recovering Puget Sound’s struggling southern
resident orca population. The Task Force identified PBDEs as a primary contaminant of concern.

Existing regulations

Currently, there are no U.S. federal restrictions around flame retardants currently used in
electric and electronic enclosures. However, there have been previous restrictions on flame
retardants in general. In 1973, polybrominated biphenyls were banned (EPA, 2017b). The
manufacturing and importing of pentaBDE was phased out in the U.S. beginning in 2005 (EPA,
2017a). In 2017, the federal Consumer Product Safety Commission (CPSC) granted a petition
requiring them to initiate rulemaking to prohibit nonpolymeric, additive organohalogen flame
retardants in four product categories including plastic casings surrounding electronics. As of the
date of this report, CPSC has not banned organohalogen flame retardants in these products
(CPSC, 2019b). In 2019, EPA proposed a rule under TSCA that will ban the processing and
distribution in commerce of most uses of decaBDE (EPA, 2019a). TPP and TBBPA are on EPA’s
proposed list of 20 high priority chemicals to review for the next risk evaluations under the
Toxic Substances Control Act (TSCA) (EPA, 2019c).

In the U.S., there are several state regulations to limit exposures to flame retardant chemicals
in electric and electronic enclosures. Washington banned the use of PBDEs in all nonedible
products, including electronic enclosures, under Chapter 70.76 RCW. This regulation bans all
PBDEs in these products as of January 2011.

California, Hawaii, lllinois, Maine, Maryland, Michigan, Minnesota, New York, Oregon, and
Vermont also have regulations restricting the use of certain flame retardants in products. While
products are not well defined, electronics are not exempted (Safer States, 2020a). In 2017,
Washington restricted additive TBBPA and several other flame retardants commonly found in
furniture. This restriction includes furniture with electronic enclosures.
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A flame retardant ban recently adopted by the European Union prohibits the use of
halogenated flame retardants in enclosures and stands of electronic displays after March 1,
2021 (European Commission, 2019b; European Union, 2019).

Availability of safer alternatives

There are several potential alternatives for electric and electronic device casings, including:
e Adding alternative flame retardants to the plastic casings.
e Using more inherently fire-resistant material for casings.

e Design changes to better insulate device casings from the electronic components that
can spark a fire.

In addition to additive halogenated flame retardants, several additive organophosphate flame
retardants such as TPP and RDP have been used in plastic enclosures to meet flammability
standards for some electronic equipment. Other alternatives suitable for some applications
include using inherently fire-resistant polymers or non-flammable materials, such as aluminum,
or removing the electronic source from the casing.

Several alternatives have been investigated by other organizations (Ecology & Health 2008;
EPA, 2014c; Ministry of Environment and Food of Denmark 2016; TCO certified, 2019).
Alternative materials and non-halogenated flame retardants may be safer alternatives for some
applications. Any alternative solutions would need to meet performance standards and fire
safety procedures. As part of our Safer Products for Washington process, we will continue to
address the safety and feasibility of alternatives in these applications in Phase 3.
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Chapter 2: Recreational Polyurethane Foam Products

Overview

Priority product

Recreational foam products are those that are made from polyurethane foam and used as
padding in recreational and athletic facilities, such as indoor climbing, gymnastics and athletic
gyms, schools and trampoline parks. Examples of recreational foam products include:

e Foam pit cubes.

e Mats and pads—including crash mats, landing mats, training mats, panel mats, martial
arts mats, and wall and post pads.

This priority product does not include outdoor playground equipment or padding designed to
be worn.

Priority chemical

Organohalogen flame retardants and flame retardants identified under Chapter 70.240 RCW?
were listed as priority chemicals in RCW 70.365.2°

Organohalogen flame retardants are chemicals intended to slow ignition and progression of
fires. They contain one or more halogen elements bonded to carbon.

The non-halogenated flame retardants identified under Chapter 70.240 RCW are: triphenyl
phosphate (TPP), tri-n-butyl phosphate (TNBP), ethylhexyl diphenyl phosphate (EHDPP),
tricresyl phosphate (TCP), and isopropylated triphenyl phosphate (IPTPP).

See the electric and electronic enclosures chapter for more information about human health
concerns and impacts of environmental release from flame retardants.

Priority product summary

Recreational foam products are a significant source of flame retardants. We considered the
criteria in section RCW 70.365.030,%” and children, workers and people of childbearing age are
exposed to flame retardants from recreational foam products. Exposures to flame retardants
are higher after spending time in foam pits.

Gymnasts come in frequent contact with recreational foam products and have higher exposures
to flame retardants than the general population. Intervention studies have successfully reduced
gymnasts’ and coaches’ exposure to some flame retardants by replacing foam products.

25 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
26 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365
27 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Detailed support for our listing of flame retardants in recreational foam products as a priority
product is shown below.

Background

Flame retardants are added to recreational foam products to meet flammability standards for
materials such as polyurethane foam.

There are three main classes of flame retardants: halogenated (also known as organohalogens),
non-halogenated (such as organophosphates), and inorganic based. The most common class of
flame retardants used in recreational foam products are the organohalogen flame retardants
(Cooper et al., 2016).

Estimated volume of flame retardants in recreational foam
products

Historically, the mixture pentaBDE was the most common flame retardant used in flexible
polyurethane foam. But with its phase out, a number of alternative flame retardants have
replaced its use. This trend has also been found in pit cubes (Carignan et al., 2016). Several
studies have screened or tested recreational foam products. In addition to pentaBDE, other
flame retardants that have been identified are a mixture of TBB, TBPH, and TPP, TDCPP, V6 or
TBPP. Table 4 summarizes several flame retardants that have been measured in recreational
foam products above 1% of the total mass.

Table 4. Product testing results with recreational foam products.

Product types with flame
Flame retardants retardants detected References
above 1% (by weight)
Pentabrominated Diphenyl Pit cubes Carignan et al., 2013; CDC, 2017c;
Ether (pentaBDE) Cooperetal., 2016
Firemaster 550 or 600 Pit cubes Carignan et al., 2013; CDC, 2017c;
(mixture including TBPH, Cooper et al., 2016; Dembsey et
TBB and TPP) al., 2019
TDCPP Pit cubes Carignan et al., 2013; CDC, 2017c;
Cooper et al., 2016; Dembsey et
al., 2019
V6 Pit cubes Cooper et al., 2016

Additional studies screened products for total bromine using an XRF (Carignan et al., 2013; CDC,
2017c). In these studies, bromine is a surrogate for brominated flame retardants. The
recreational foam products that had at least one sample with total bromine greater than 1% (by
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weight) are summarized in Table 5. This indicates that brominated flame retardants are likely
used in all of these product types.

Table 5. Product testing bromine screening results.

Bromine concentration

(weight %) Product types References
0.0001 -6.16 Pit cubes Carignan et al., 2013; CDC, 2017c
0.005 -3.61 Landing mats Carignan et al., 2013
0.081 -1.99 Sting mats Carignan et al., 2013
0.0001-2.9 Floor mat foam Carignan et al. 2013; CDC, 2017c
0.0001 - 2.9 Floor mat foam Carignan et al. 2013; CDC, 2017c
0.0029-1.3 Hard foam equipment CDC, 2017c

and ring foam

The amount of flame retardant needed to meet the flame retardancy function depends on
multiple factors including the chemical structure of the polymer, its properties when heated
and when exposed to flames, as well as the type of flame retardants added. In general, additive
flame retardants that are intentionally used are frequently found in foam at levels greater than
1%. In one study of recreational foam, the total concentration of flame retardants in foam pits
ranged from approximately 2 — 6.5% (Carignan et al., 2013).

Estimated volume used in Washington

We found 21 gymnastics studios in Washington with foam pits pictured on their websites. We
estimate that each foam pit is eight feet long, 20 feet wide and four feet deep, and contains
approximately 10,800 eight cubic inch foam blocks. These 21 foam pits in the state would house
226,800 eight cubic inch foam blocks. Given that foam pits are found in other locations, and
that not all foam pits are advertised on websites, we expect this to be an underestimate. A
google search for “indoor trampoline” in Washington revealed 101 additional facilities that may
contain foam pits. Even if only half these facilities have foam pits, over 500,000 foam pit blocks
would be found in Washington.

In addition to foam pits, flame retardants are also used in mats and padding. Since all
gymnastics studios use mats, we took the number of gyms nationally and adjusted it for the
population in Washington. There are approximately 3,500 gymnastics studios in the U.S. We
estimate that each studio is approximately 20,000 square feet and about 50% covered by mat,
leading to approximately 800,000 square feet of mats in Washington’s gyms. This may be an
underrepresentation given that mats that may contain flame retardants are used in a number
of other types of facilities including traditional gyms and yoga studios. Further, because the
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thickness of mats varies from a few inches to many feet, we don’t know how much foam this
translates to.

Potential for exposure to sensitive human populations

Flame retardants migrate out of recreational foam products and contaminate the indoor
environment. As foam degrades, flame retardants can accumulate in dust where they can be
inhaled, ingested and come into contact with skin. Recreational foam products are designed to
be compressed to reduce impact. As they compress, air trapped inside the foam is released.
This could also force flame retardants out of the product.

Studies show that gymnastics studios have higher concentrations of flame retardants in dust
than homes (Carignan et al., 2013; La Guardia & Hale, 2015). TBPH was one to three orders of
magnitude higher in dust from gymnastics studios than from homes (Carignan et al., 2013).
Another study found TBB and TDCPP in higher concentrations in gyms than homes, and the
total flame retardant burden in gym dust was over eightfold higher than house dust (La Guardia
& Hale, 2015).

There is evidence that the flame retardants in gyms come from recreational foam products.
Broadwater et al. (2017) characterized flame retardant concentrations in four gymnastics
studios and found that flame retardants accumulated in dust, with the highest concentrations
in dust from the foam pit. Flame retardants in gyms can also be inhaled. La Guardia and Hale
(2015) and Ceballos et al. (2018) found flame retardants on interior window wipes, suggesting
that flame retardants in the air accumulated on windows. They also detected flame retardants
in respirable particles in gyms (La Guardia & Hale, 2015).

While exposures in gymnastics studios have been the best studied, we expect that the use of
similar recreational foam products in other facilities would have the same exposure pathways.
Many of these additional recreational facilities are typically marketed toward children,
including trampoline, bouncy house, circus, and playdate facilities. These facilities could expose
a broader population to flame retardants.

People who spend time in recreational centers are exposed to flame retardants from
recreational foam products. A 2013 study found BDE 153 was 4 — 6.5 times higher in collegiate
gymnasts than in the general populations (Carignan et al., 2013). This is corroborated by a two-
to threefold increase in the concentration of pentaBDE, TBB, and TBPH in hand wipe samples
after training in the gym (Carignan et al., 2013). A follow-up 2016 study found that training in
the gym led to a 50% increase in the concentration of TPHP metabolites (the end-products of
the chemical after it goes through metabolism in the body) in urine (Carignan et al., 2016). In
addition to gymnasts, coaches also have elevated exposure while at work. Ceballos et al. (2018)
found significantly higher concentrations of nine flame retardants on employees’ hands after
work.
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When foam products with flame retardants are replaced with flame retardant free products,
exposures decrease. Dembsey et al. (2019) conducted an intervention study by measuring
gymnasts’ exposure to flame retardants before and after replacing the foam pit with flame
retardant free cubes. They observed a fivefold reduction in the concentration of flame
retardants on gymnasts’ hands, compared to the pre-intervention samples (Dembsey et al.,
2019). A second intervention study found that replacing foam pit cubes reduced the increase in
flame retardants on hand wipes typically observed during gymnastics coaches’ shifts (Ceballos,
Broadwater, Page, Croteau, & La Guardia, 2018). However, the new pit cubes introduced in this
study still contained two brominated flame retardants, so the study was only able to show a
significant reduction in PBDEs, and not TBB or TBPH.

Exposure to flame retardants from recreational foam is important for sensitive populations,
such as workers, children, and people of childbearing age. As discussed previously, gymnastics
coaches are exposed to flame retardants at work (Ceballos et al., 2018). Collegiate gymnasts are
of childbearing age. Children can start gymnastics before they’re even walking, as many
facilities offer parent-child classes for babies and toddlers. As children grow older, they spend
more time at the gym, increasing exposure periods.

Potential environmental exposure and exposure to sensitive
ecological species

Flame retardants used in recreational foam products have been found in Washington’s
environment. Of the flame retardants found in recreational foam products (Table 4), TPP and
V6 have been detected in Washington. TPP has been detected in stormwater (Medlen et al.,
2018) and freshwater sediment (Counihan et al., 2014, Mathieu et al., in prep; Medlen et al.,
2018), but not freshwater (Alvarez et al., 2015; Mathieu et al., in prep). V6 has been detected in
stormwater (Medlen et al., 2018), freshwater, and freshwater sediment (Mathieu et al., in prep;
Medlen et al., 2018). TBB and TBPH have been assessed in stormwater and freshwater
sediment, but were not detected (Mathieu et al., in prep; Medlen et al., 2018).

Flame retardants from recreational foam products can contribute to environmental flame
retardant concentrations. Flame retardants in recreational foam products contribute to gym
dust concentrations, which can be tracked outside (Wild et al., 2015) and released into
wastewater when we wash textiles with gym dust on them (Saini, Thaysen, Jantunen,
McQueen, & Diamond, 2016; Schreder & La Guardia, 2014). Flame retardants in recreational
foam products can also contribute to environmental concentrations after their disposal (Lucas
et al., 2017).

Exposure to flame retardants in the environment is a concern for sensitive species.
Organohalogen flame retardants are persistent in the environment and can be transported long
distances. This property has made them ubiquitous in environmental media across the globe
and as far away as the Arctic, which is an indicator of persistence and bioaccumulation used by
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the Stockholm Convention on Persistent Organic Pollutants (de Whit, Herzke, & Vorkamp,
2010). Certain PBDE congeners (distinct PBDE compounds), such as PBDE 99, are highly
bioaccumulative, which is concerning for species at higher trophic levels, such as orcas. While
PBDEs have largely been phased out of consumer products, their persistence makes
contamination a lingering environmental problem. While we have the most data on PBDEs,
other persistent flame retardants are expected to pose similar environmental threats.

In 2018, Governor Inslee established the Southern Resident Orca Task Force, a 50-member
workgroup charged with developing plans for recovering Puget Sound’s struggling southern
resident orca population. The Task Force identified PBDEs as a primary contaminant of concern.
See the electric and electronic enclosures chapter for more information about the impacts of
exposure to PBDEs on sensitive populations.

Existing regulations

There are no specific federal or state regulations pertaining to flame retardants in
recreational foam products. However, there are several related to chemicals used on flexible
polyurethane foam or products that contain flexible polyurethane foam. The manufacturing
and importing of pentaBDE was phased out in the U.S. beginning in 2005 (EPA, 2017) and the
chemical is banned in Europe because of its toxicity and environmental persistence (European
Parliament, 2003).

In 2017, the federal Consumer Product Safety Commission (CPSC) granted a petition requiring
them to initiate rulemaking to prohibit additive, nonpolymeric organohalogen flame retardants
in four product categories, including furniture using polyurethane foam. To date, the CPSC has
not banned organohalogen flame retardants in these products (CPSC, 2019b), but guidance was
developed encouraging manufacturers of several products—including furniture—to refrain
from intentionally adding non-polymeric additive halogenated flame retardants to their
products (CPSC, 2017).

In 2006, EPA adopted a Significant New Use Rule (SNUR) which requires notification to EPA 90
days prior to U.S. manufacture or import for any use of pentaBDE and octaBDE. In 2012, EPA
proposed a rule under TSCA requiring notice to the Agency prior to the manufacture or import
of articles to which pentaBDE has been added (EPA, 2019b). Additionally, EPA is proposing a
rule to address four flame retardants, including isopropylated phosphate (3:1), a non-
halogenated flame retardant. This proposed rule could restrict or prohibit manufacture
(including import), processing, and distribution in commerce for many uses of these substances
(EPA, 2019e). In addition, TCEP and TPP are on EPA’s proposed list of 20 high priority chemicals
to review for the next risk evaluations under TSCA (EPA, 2019b).

In addition to federal efforts, several states are limiting exposures to flame retardants in
consumer products. They include brominated, organohalogen, and organophosphorous
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compounds. In Washington, several flame retardants, including TDCPP and TCEP, are restricted
in children's products and residential upholstered furniture. There are also reporting
requirements for several flame retardants in children’s products.

Maine has prohibited the sale of residential upholstered furniture containing more than 0.1% of
a flame retardant chemical, or a mixture that includes them (Maine Department of the
Environment, 2019). California, Massachusetts, New York, Rhode Island, and the City of San
Francisco all have similar laws restricting the sale of products such as residential upholstered
furniture and children’s products containing flame retardants (Safer States, 2020c). In addition
to restrictions, TDCPP is listed as a carcinogen under California's Proposition 65 (OEHHA, 2011).

Availability of safer alternatives

In addition to additive halogenated flame retardants, reactive halogenated flame retardants,
and those identified by Ecology under Chapter 70.240 RCW,?8 several non-halogentated flame
retardants such as TBPP, ammonium polyphosphate, expandable graphite, and melamine have
been investigated in an alternative assessment of flame retardants used in flexible
polyurethane foam (Cooper et al., 2016, EPA, 2015).

Other solutions include using foam without flame retardants in conjunction with other fire
safety measures, including smoke detectors and sprinkler systems (Dembsey et al., 2018). Any
alternative solutions would need to meet Washington building codes and other fire safety
standards. As part of our Safer Products for Washington process, we will continue to address
the safety and feasibility of these alternatives in Phase 3.

28 http://app.leg.wa.gov/RCW/default.aspx?cite=70.240
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Chapter 3: Paints and Printing Inks

Overview

Priority product

Paints and printing inks sold in any form or packaging for personal, commercial, or industrial
use. This does not include dyes, toner powder, or painted or printed products.

Priority chemical
Polychlorinated biphenyls (PCBs).

PCBs in consumer products contribute to human and environmental exposure. Exposure is
associated with many health problems, including liver toxicity, endocrine disruption, immune
toxicity, and impaired reproduction (ATSDR, 2014). Based on their toxicity, persistence in the
environment, and ability to accumulate in wildlife and people, PCBs are considered persistent,
bioaccumulative, and toxic (Chapter 173-333 WAC?).

PCBs were phased out of most consumer products in the late 1970s, but their persistence
means they are still problematic in our environment. Reducing current PCB releases from
consumer products will help prevent additional long-term environmental consequences.

Priority product summary

Paints and printing inks are a significant source of inadvertently generated PCBs. We made this
determination by considering the criteria in RCW 70.365.030.3° Several bodies of water in the
state are considered impaired due to PCB contamination. PCBs have a wide variety of toxic
effects, accumulate in people and animals, and contaminate our food supply.

We estimate that colored pigments contained in paints and inks are the largest source of
inadvertent PCB (iPCB) presence in consumer goods. Approximately 56 million pounds of
printing ink and 30 million gallons of paint are used per year in Washington. Ecology has listed
PCBs as persistent, bioaccumulative, and toxic, and has written a Chemical Action Plan (CAP)3!
to address them. Both our CAP and Governor Inslee’s Southern Resident Orca Task Force
recommended targeting and reducing iPCB production. Detailed support for our listing of PCBs
in paints and printing inks as a priority product is shown below.

2 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-333
30 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
31 https://fortress.wa.gov/ecy/publications/documents/1507002.pdf
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Background

Historically, PCBs have been used intentionally in a wide range of products, such as electronic
equipment, caulking, and carbon copy paper. Most intentional uses, often termed “legacy”
uses, have been banned in the U.S. since 1979. iPCBs are PCBs that are not intentionally added
to products, but are instead produced as an unintended byproduct of the manufacturing
process. Although legacy PCBs are still present in some products currently in use and are still
the main source of environmental contamination, iPCBs are the predominant source of new
PCBs in consumer goods (Ecology & Health, 2015).

There are 209 distinct PCB compounds (known as congeners) which differ depending on the
number and location of chlorination on the biphenyl molecule. Different congeners have
different physical properties, toxicity, and environmental fates. The general structure for a PCB
is shown below, where any of the numbers can contain a chlorine molecule or hydrogen
molecule, depending on the congener.

3" 2° 2 3

4' 4

(Cl) (Ch)x

Y 5 6 6
Figure 1. Molecular structure of polychlorinated biphenyls.

Estimated volume of PCBs used in paints and printing inks

iPCBs are widespread in paints and products containing printing inks. Pigments and other
compounds can become contaminated with PCBs because of non-specific chlorination
processes in many reactions where carbon, chlorine, and heat are involved. Pigments affected
include diarylide yellows, phthalocyanines, and titanium dioxide. Pigments added to paints and
printing inks can contain iPCBs. Figure 2 shows a list of organic pigments that have been found
to contain iPCBs and the PCB congeners that were detected (Heine & Trebilcock, 2018).
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Qrganic Pigments Found to Contain PCBs

Azo Pigments Phthalocyanine Pigments Polycyclic Pigments
(yellows, oranges, reds) (greens, blues)

Diarylide Yellow Quinacridone Naphthol AS Nonachlorobiphenyl Decachlorobiphenyl Dioxazine violet Diketopyrrolopyrrole

PCB
6
PCB PCB PCB PCB
206 207 208 209

PCB
Figure 2. Organic pigments found to contain inadvertent PCBs.

Hansa Yellow Isoindolinone

PCB
40

56

PCB 11 contamination of diarylide yellow pigments is the source that is most associated with
pigment manufacturing, but other congeners have been identified in a variety of pigments.
Many congeners can be produced during pigment production, but PCB 11 was not a component
of any legacy PCB products (such as common PCB mixtures sold under the trade name
“Aroclor”), so it is considered a hallmark of inadvertent production. This means that any
detections of PCB 11 in sampling, whether in the environment or of products, likely originated
from inadvertent production. However, other PCB congeners can also be produced
inadvertently, and processes subject to iPCB contamination often contain a large variety of
congeners.

One source of iPCBs is from paints and printing inks. This likely occurs mostly in pigment
ingredients. However, other ingredients may contribute as well—especially if silicone
components are used, as they have been identified as another source of iPCBs (Ecology &
Health, 2015). EPA requires reporting of iPCB generation, and pigment and dye manufacturing
are the most commonly reported processes that produce iPCBs. Ecology estimated that
pigment and dye manufacturing is the current product group whose manufacture contributes
the most to PCB levels (Ecology & Health, 2015).

Paints and printing inks vary widely in components, depending on the intended use, but usually
contain pigment or dye (provides color), binder (wets and disperses pigment), solvents (dissolve
binder and mix components), and excipients (affect properties of ink). Paints and printing inks
are the predominant use of pigments, using 50% or more of what is manufactured, with other
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uses including plastics and toiletries (Chemchain, 2017; Mordor Intelligence, 2019; Nestler,
Heine, & Montgomery, 2019; Technavio, 2016).

There are limited studies investigating iPCB concentration in printing inks specifically, but
Table 6 shows a summary of studies investigating PCB concentrations in paints, inks, pigments,
and printed material from consumer products. For most printed products, unless there is
another ingredient likely to cause PCB contamination, we assume that the majority of iPCB
content comes from inks used in their production, since that is the most likely source. These
results demonstrate that iPCB presence in paints, inks, and printed products is widespread.
They also show that in products containing PCB 11, other congeners are often present as well.
This suggests that the impact of the products is not limited to PCB 11.

Table 6. Product testing results with inks and pigments.

Year

2009

2009

2012

2013

2014

Product

Paint

Printed
paper and
plastic
Pigments

Yellow
pigments

Printed
paper and
fabric

% of

samples
with PCB

15/33
(45%)

12/12
(100%)

376/588
(64%)

24/24
(100%)

Not
reported
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Total PCB
concentration

2 — 200 ppb

Not tested

359 samples
<0.5 ppm

17 samples
>50 ppm

50 ppb —919
ppm

Not tested

31

PCB 11

concentration

<LOQ-16.4
ppb (13/15
samples)

0.11 - 38 ppb

Not reported

42 ppb—918
ppm
1.5—-86 ppb

Other
congeners
detected

8,6,4,1,
12/13, 2, 3,
209 all in
more than
40% of
samples
Not tested

Not
reported

52 (4410
ppb max),
28 (1142
ppb), 77
(670 ppb),
126 (33.5
ppb), 153
(90.6 ppb)
Not tested

Reference

Hu, Dingfei, &
Hornbuckle,
2010

Rodenburg,
Guo, Du, &
Cavallo, 2010
METI, 2013a

Shang et al.,
2014

Guo, Capozzi,
Kraeutler, &
Rodenburg,
2014
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% of Other
Total PCB PCB 11
Year Product samples LIRS . congeners Reference

with PCB concentration | concentration detected
2015 Municipal 39/41 <L0OQ-2509 <LOQ-63.8 77,209,6, Spokane,
products  (95%) ppb ppb in paint 64/72,50, 2015
(products 28, 31,
used by 118, 52/69
the City of and others
Spokane) above 100
ppb
2019 Paint 8/8 0.03-284 0.3-1.2ppb 209 (256 Jahnke &
colorants  (100%) ppb (50% of ppb), 208 Hornbuckle,
samples) (3.7 ppb), 2019
206 (4.8
ppb), 146
(1.3 ppb),
52 (2.4
ppb)
2019 Consumer 7/16 Not reported <LOQ - 325 85 (140 Liu, 2019
products (44%) ppb ppb), 138
including (120 ppb),
paint 121 (100
ppb)

Estimated volume used in Washington

Up to 56 million pounds of printing ink are used per year in Washington. One report estimated
that the U.S. printing inks market was approximately 2.5 billion pounds in 2017 (Mordor
Intelligence, 2018). This estimate would put Washington’s share (2.2% by population) at 56
million pounds.

This is supported by data from the Color Pigments Manufacturers Association (CPMA), which
estimates that the total amount of phthalocyanine and diarylide pigments imported or
manufactured in the U.S. is about 90 million pounds per year (Ecology & Health, 2015). This
would mean Washington’s share (by population) is around two million pounds of these
pigments. Printing inks contain 5 — 30% pigment by weight (PCC, 2018), so if we only consider
these two types of pigments, that would amount to approximately 7 — 40 million pounds of
printing ink used.

Approximately 30 million gallons of paint and coatings are used in Washington per year. The
American Coatings Association reported 2017 production of paints and coatings at 1.28 billion
gallons in the U.S., while other sources reported 1.5 billion gallons in 2016 and a projected 1.4
billion gallons in 2020 (EPA, Freedonia Group, 2017; Pilcher, 2018; Wells, 2017). Taking
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Washington’s share of the U.S. population would give around 30 million gallons of paints in all
of these cases, however, not all paints and coatings contain iPCBs.

Ecology’s PCB Chemical Action Plan3? estimated that Washington’s share of PCB 11 from yellow
pigment is between 0.02 and 31 kg per year, with data from the CPMA pointing toward an
annual estimate of 9 — 20 kg (Ecology & Health, 2015).

Potential for exposure to sensitive populations when used

Nearly all people, including infants, are exposed to PCBs. Levels of PCBs in people have
declined since the 1980s, but there is still widespread detection of PCBs in the U.S. population,
including in infants and children (CDC, 2019a; Ecology & Health, 2015). People are mostly
exposed to a mixture of PCBs rather than a single PCB compound. PCBs have been detected in
human blood, fat tissue, breastmilk, and in cord blood (ATSDR, 2019). Some PCBs can remain in
the body for years after exposure—varying by type of organism and type of PCB congener—and
blood levels generally increase with age (Ecology & Health, 2015). Because PCBs are more
readily absorbed than excreted, the levels of individual PCB congeners in the body may vary by
exposure source and by differences in how bodies process them (CDC, 2017a).

PCBs have been measured and detected in the blood of the U.S. general population over age 11
since the 1999 NHANES survey cycle (CDC, 2019a; CDC, 2019b). PCB congeners 118, 138, 153,
and 180 have been found at higher levels in the environment and in human blood samples than
other PCB congeners (EPA, 2015c). They were detected in the majority of samples for women
aged 16 — 49 from 1999 — 2014 (EPA, 2015c). Measured levels of PCBs in human blood
decreased by an estimated 87% from 1973 — 2003 (Schecter et al., 2005; Sjodin et al., 2004).
However, PCB 153 was detected in both children and adults more recently, with a median level
of 7.4 ng/g lipid in 6 — 9-year-old girls, and 0.21 — 55.6 ng/g lipid in the general population (EPA,
2015c¢; CDC, 2019a).

In 2013, studies reported the presence of PCB 11, which is associated with iPCB production, in
air samples and in the blood of children and mothers (Marek, Thorne, Wang, DeWall, &
Hornbuckle, 2013; Zhu et al., 2013). This is an indication that airborne PCBs continue to be an
environmental problem affecting large populations. A 2015 study reported PCB congeners 11,
14, 35, 133, and 209 as the most frequently detected non-Aroclor congeners in the blood of
participants (Koh, Hornbuckle, & Thorne, 2015). More information on PCB exposures in people
is available in the PCB Chemical Action Plan3? (Ecology & Health, 2015).

People can be exposed to PCBs from paints and inks. Food is the main source of exposure for
the general population, and the levels of PCBs in fish we eat are concerning. PCBs occur at the
highest concentrations in fatty foods (e.g., dairy products and fish). PCBs from paints and inks

32 https://fortress.wa.gov/ecy/publications/documents/1507002.pdf
33 https://fortress.wa.gov/ecy/publications/documents/1507002.pdf
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may enter fish through stormwater and wastewater effluent, thus leading to human dietary
exposure (Ecology & Health, 2015).

Paint colorants have the potential to emit PCBs, which can increase in the environment to
concentrations of more than 500 pg/m3 within hours of application (Jahnke & Hornbuckle,
2019). Thus, printing inks can also contribute to airborne PCB concentrations, especially in
areas where printing is occurring. PCBs have also been detected in residential environments
from indoor air and house dust (Takeuchi, Anezaki, & Kojima, 2017). A study reported
concentrations of PCBs in indoor air in homes and schools in East Chicago and Columbus
Junction and estimated exposures in mothers and their children (Ampleman et al.,

2015). Inhalation exposure was greater in indoor environments than outdoor environments,
and included contributions from PCB 11, which the authors attributed to pigments and paint
(Ampleman et al., 2015).

PCBs in paints and inks make a significant contribution to exposure. People are exposed to
PCBs in air, water, soil, and house dust. Humans can also be exposed to PCBs through direct
contact with consumer products that use pigments (Guo, Capozzi, Kraeutler, & Rodenburg,
2014; Rodenburg, Geo, Du, & Cavallo, 2010) as well as from the presence of PCBs in the
environment (Vorkamp, 2016).

Biomonitoring studies for PCB congeners unique to dyes and pigments showed that 65% of 85
women in the Midwest had trace levels of PCB 11 in their blood (Marek et al., 2014). Another
study demonstrated that on average, about 10% of the total PCBs in study participants came
from non-Aroclor PCBs. This study also found that, on average, 50% (but up to 100%) of non-
Aroclor PCB concentrations in the participants were likely due to pigment exposure (Koh et al.,
2015). PCB 11 concentrations have not decreased since 2004, and in 2007, PCB 11 was found in
91% of air samples taken near 40 Chicago area elementary schools (Hu, Martinez, and
Hornbuckle, 2008).

Exposure to PCBs in paints and inks is particularly relevant for infants, children, women of
childbearing age, and indigenous populations. Although levels of PCBs in blood for young
people have declined over the past three decades, there is still potential for exposure through
the use of products that contain these chemicals. Due to the presence of PCBs in consumer
products, and their release into the air, dust, and food supply, there is potential for infants and
young children to be exposed, especially since they have more contact with house dust (Harrad
et al., 2009; Rudel et al., 2003, 2008; Takeuchi et al., 2017). Infants are also exposed in utero
and via nursing to PCBs that have accumulated in the mother’s body over many years. For
example, blood levels increased after birth in breastfed infants and then decreased in early
adolescence (CDC, 2019a).

A study analyzed blood levels in children and their mothers from urban and rural U.S.
communities (n = 200) for 209 PCBs from 2008 — 2010, and found widespread detection of all
congeners, including PCB 11. This study reported variability of all PCBs and major metabolites
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(the end-products of the chemical after it goes through metabolism in the body) in two
generations of people, which suggests that short-term exposures to PCBs may be a significant
component of what is measured in human blood (Marek et al., 2014).

Local indigenous populations are at more risk from exposure to PCBs than other populations.
These indigenous populations were surveyed in fish consumption studies, and they often eat
more fish than other communities (Ecology, 2013). Exposure to PCBs has been linked to higher
incidence of diabetes and cardiovascular disease in indigenous populations (Nestler et al.,
2019). These findings have important health equity and environmental justice implications.

The National Tribal Toxics Council does not consider the 50 ppm allowance for iPCBs in
pigments to be sufficiently protective of their population due to increased fish consumption.
The Confederated Tribes of the Umatilla Indian Reservation has requested a lower tolerance
level, specifically calling out inks and pigments (Nestler et al., 2019).

Potential for exposure to sensitive species when used

PCBs have been found in Washington’s environment. PCBs have been found in freshwater,
marine water, and sediment in Washington. PCB levels in Washington mussels, an indicator
species for detecting local environmental contamination, are found well above national median
concentrations (Ecology & Health, 2015). PCBs, including PCB 11, have been detected in
atmospheric deposition in the Seattle metro area (Rodenburg, Winstanley, & Wallin, 2019). See
Ecology’s published Chemical Action Plan34 (Ecology & Health, 2015) for more details on PCBs in
Washington’s environment.

The fish tissue equivalent of Washington’s human health water quality criterion for PCBs is 5.3
ppb (Ecology & Health, 2015). Washington Department of Fish and Wildlife measured the total
PCB concentrations in edible tissues of four marine fish species as compared to this value. All
samples of Herring and Chinook, and most (70 — 80%) of the English Sole and Coho exceeded
the criterion (Ecology & Health, 2015). There are 158 bodies of water in Washington state that
are significantly impacted by PCBs3> (Ecology & Health, 2015).

PCBs from paints and inks can contribute to environmental PCB concentrations. PCB 11 is
considered a hallmark of iPCB contamination, specifically from pigments and dyes, since it is
known to be present in many painted and printed materials, and it is not found in legacy PCB
products (Heine & Trebilcock, 2018). PCBs have been shown to leach from painted and printed
materials when exposed to water (EPA, 2015d; George et al., 2006; Guo et al., 2014). Pigments
found in paints and inks are likely sources of PCBs detected in the environment (Andersson,
Ottesen & Volden, 2004; Hu, Martinez, & Hornbuckle, 2011; Jartun, Ottesen, Steinnes &
Volden, 2009; Jartun, Ottesen, Volden & Lundkvist, 2009; Johnston, George, Richter, Wang &

34 https://fortress.wa.gov/ecy/publications/documents/1507002.pdf
35 https://ecology.wa.gov/Water-Shorelines/Water-quality/Water-improvement/Assessment-of-state-waters-303d
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Wild, 2006; Ruus, Green, Maage & Skei, 2006). They have been directly linked to wastewater
discharges with PCB levels above water quality criteria in the City of Spokane (Grossman, 2013).

Limited data are available, but it was estimated that two paper recycling facilities in
Washington discharge 28 g of PCBs per year, with 3.8 g being PCB 11, and that the Spokane
River Wastewater Treatment Plant (WWTP) was discharging 71 g of PCBs per year (Ecology &
Health, 2015). Product testing results suggest that pigments may account for the majority of
PCB 11 detected in the environment (Guo et al., 2014), and thus almost certainly contribute
other congeners as well.

Exposure to PCBs in the environment is a concern for sensitive species. Although lower weight
PCBs such as PCB 11 are less bioaccumulative than other congeners (Rodenburg & Delistraty,
2019), paints and printing inks also contain higher molecular weight PCBs, which bioaccumulate
in animals and increase in concentration higher in the food chain. The Southern Resident Orca
Task Force noted PCBs as a chemical of concern, and reducing exposure was one of their four
recommendations (Southern Resident Orca Task Force, 2018). PCB contamination reduces the
health of aquatic organisms throughout the food chain, including forage fish, salmon, and
orcas. In addition, a variety of harmful effects have been shown in birds and mammals, such as
reduced egg or embryo viability and reduced live births (Ecology & Health, 2015).

PCBs have been detected in many aquatic organisms at potentially harmful levels throughout
Washington. Levels of PCBs associated with health impacts are observed in seals in the Strait of
Georgia, and most Southern Resident Killer Whales exceed the health effects thresholds for PCB
residues (Cullon et al., 2009; Hickie, Ross, Macdonald, & Ford, 2007). PCBs are persistent
chemicals, so once released in the environment they can be challenging or impossible to
remove, affecting wildlife for years to come. See Ecology’s Chemical Action Plan3® for more
details about effects on wildlife health (Ecology & Health, 2015).

Currently the Washington State Department of Health advises human consumption restrictions
for specific recreational fish in 14 water bodies of the state due to the high levels of total PCBs
measured in fish tissue. This includes the upper, middle and lower Columbia River, the Spokane
River, the Yakima River, the Wenatchee River, and Lake Washington (Health, n.d.).

Existing regulations

In 2014, RCW 39.26.2803%7 established purchasing policies for Washington state with a
preference for products and packaging that do not contain PCBs. In 2018, Governor Jay Inslee
signed an executive order directing state agencies to implement nine immediate actions to
benefit Southern Resident Orca Whales. In September of 2018, the Task Force published draft
recommendations, including accelerating the implementation of the 2014 PCB purchasing law

36 https://fortress.wa.gov/ecy/publications/documents/1507002.pdf
37 https://app.leg.wa.gov/RCW/default.aspx?cite=39.26.280
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“to reduce the PCBs entering Puget Sound from products.” Product suppliers to the state will
provide information about PCBs in their products, and this information can be shared with
other purchasers who want to avoid products containing PCBs (Southern Resident Orca Task
Force, 2018).

The federal Toxic Substances Control Act (TSCA) bans intentional production and import of
intentionally added PCBs and limits iPCBs in pigments to an average of 25 ppm, with a
maximum of 50 ppm. This level was set to reduce the impact on industry, except for in the case
of diarylide and phthalocyanine pigments, when it was considered feasible to reduce
concentrations of iPCBs (Nestler et al., 2019).

The Stockholm Convention does not specify a limit on iPCBs in pigments. However, it dictates
that signees develop an action plan to reduce iPCB releases. Some countries party to the
Convention, such as Canada, have set a 50 ppm maximum limit and 25 ppm average limit on
iPCBs (Nestler et al., 2019), similar to TSCA.

Availability of safer alternatives

Methods of manufacturing are possible to reduce or eliminate—in the case of titanium
dioxide—the amount of inadvertent PCB content in pigments and dyes. In addition, inadvertent
PCB production is not a problem for non-chlorinated pigments. Some organizations, including
HP® and Apple®, have policies in place prohibiting the purchase of ingredients (including paints
and inks) with PCBs over 0.1 ppm (Heine & Trebilcock, 2018).

Product testing has shown that paints and printed material with a wide variety of colors do not
contain detectable levels of PCBs, indicating that low PCB products are available (Ecology,
2014b, in process of data validation; Ecology & Health, 2015). As part of our Safer Products for
Washington process, we will continue to address the feasibility of paints and printing inks with
lower iPCB content in Phase 3.
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Chapter 4: Carpets and Rugs

Overview

Priority product

Carpets and rugs sold for residential and commercial settings.

Priority chemical
Per- and polyfluoroalkyl substances (PFAS).

PFAS represent a large class of chemicals that are highly persistent and can be bioaccumulative
and toxic. Many PFAS have been associated with health problems, including immune system
toxicity, reproductive impairment, developmental toxicity, and liver and kidney toxicity
(Ecology, 2019a). As more PFAS studies are conducted, we learn that more are toxic.

PFAS are problematic in the environment due to their persistence and ability to move through
environmental media. They can be found in most environmental samples. This is especially
concerning when they enter drinking water because clean-up efforts are extremely challenging.
Some chemicals within this class are considered persistent, bioaccumulative, and toxic (Chapter
173-333 WAC?®), and chemicals of high concern to children (Chapter 70.240 RCW?3?).

Priority product summary

Carpets and rugs used in residential and commercial settings that have been treated during the
manufacturing process for stain and water resistance are significant sources and uses of PFAS.
We made this determination by considering the criteria in RCW 70.365.030.%° Carpet
contributes to the amounts of PFAS in our homes, workplaces, and environment, and has the
potential to expose infants, young children, and workers.

We estimate that 1,300 — 2,000 metric tons (2.8 — 4.4 million pounds) of PFAS are brought into
Washington homes and workplaces in carpet each year—a significant portion of PFAS use in
total. Carpets can contribute to human PFAS exposure, particularly for children and infants who
spend more time on or near the floor. Children living in homes with treated carpet have higher
exposures to PFAS than those without.

The PFAS from our carpets can also be released into the environment. PFAS are
environmentally persistent, meaning they break down only very slowly. Due to their water
solubility and mobility in soil, PFAS released into the environment can flow into surface water
and seep into groundwater. In 2018, Governor Inslee convened the Southern Resident Orca

38 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-333
39 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
40 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Task Force to recommend actions to recover the southern orca population. The Task Force
named PFAS as chemicals of emerging concern for orcas. Detailed support for our listing of
PFAS in carpet as a priority product is shown below.

Background

PFAS are used to treat carpet during the manufacturing process and as aftermarket treatments.
This priority product focuses on pretreated carpets and rugs that have had PFAS applied during
the manufacturing process. The specific PFAS used to treat carpets and rugs have changed over
time. From 1970 to 2002, the largest use of PFOS-derived substances (a subgroup of PFAS) was
for carpet applications (48,000 tons globally from 1970 to 2002) (DEPA, 2013; Paul, Jones, &
Sweetman, 2009). Currently, another PFAS subgroup—termed fluoropolymers or
fluorotelomer-based acrylate polymers—are generally used for carpet stain resistance and
carpet care treatments (Bowman, 2018; KEMI 2015). However, other PFAS can also be present
as impurities (for example, PFHxA and PFBA) (Bowman, 2018), or can be formed during
environmental degradation (FTOHs and PFCAs) (Washington & Jenkins, 2015).

Estimated volume of PFAS used in carpet

We estimate that PFAS are found in over half of carpets in Washington at concentrations that
add significantly to the amounts of PFAS in our homes and workplaces. While we don’t have
data from Washington, a 2008 survey estimated that 56 — 90% of carpets sold in Denmark were
treated with fluorinated substances (DEPA, 2013). Given that it is possible Washingtonians
purchase more or less treated carpet than Danes, we based our estimate on the low end of the
Danish range. In 2009, EPA estimated that the average home had 50 kg of carpet. PFAS
concentrations in carpet vary depending on the specific compound—some may be intentionally
added and others may be present as breakdown products or contaminants (Table 7).

Table 7. Reported concentrations of PFAS in carpet.

The concentrations vary by PFAS analyte. (* indicates that information on whether the carpet
was pre-treated was not available, » indicates estimation by KEMI, 2015)

Product Concentration PFAS measured Reference
Pre-treated carpet 484 ug/m? Total PFCA (C5 - C12) EPA, 2009b
Carpet* 57.2 ug/kg Total PFCA (C4 — C14) Kotthoff, 2015
Pre-treated carpet 4,010 pg/kg FTOH/FTS Liu et al., 2015
Carpet* 73.5 pg/kg FTOH/FTS Kotthoff, 2015
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Product Concentration PFAS measured Reference
Pretreated carpet 15%" PTFE and PASF KEMI, 2015

Estimated volume sold and disposed of in Washington

We estimate that 15,360 metric tons of carpet (over 33 million pounds, which does not
include any untreated backings) are sold yearly in Washington. No data is available on the
proportion of homes containing carpet in Washington, so this estimate is based on California
Carpet Stewardship Program data and adjusted to the population size of Washington. If 56 —
90% of carpets are pretreated to contain approximately 15% PFAS by weight, there are
potentially 1,300 — 2,000 metric tons (2.8 — 4.4 million pounds) of PFAS in the carpets sold
annually in Washington. The 15% estimate from the Swedish Chemicals Agency is for PTFE and
PASF in pretreated carpet that is intentionally added to carpet (KEMI, 2015). Some
manufacturing groups claim the KEMI estimation is too high and report use at around 0.1%,
which would lead us to estimate that between 90 and 140 metric tons (approximately 200,000
— 300,000 pounds) of PFAS are used in Washington carpets each year. Most studies measure
extractable PFAS, such as FTOHs or PFCA, that are present as contaminants and breakdown
products. Using the FTOH concentrations from Liu et al. (2015) (4010 pg/kg) and total PFCA (C4
— C14) from EPA (2009b) (73.5 pg/kg), we estimate that up to 60 mg of FTOHs and 1,000 mg of
total PFCAs are found as contaminants in carpets sold annually in Washington.

We estimate that 36,000 — 58,000 metric tons of PFAS-treated carpet end up in Washington
landfills, and 47 — 76 metric tons of PFAS-treated carpet are illegally dumped each year in
Washington. Ecology’s draft Chemical Action Plan*' on PFAS estimated that over 64,000 metric
tons (approximately 141 million pounds) of carpet (including both treated fiber and untreated
backing) end up in Washington landfills annually (Ecology, 2019a). This estimate is based on a
waste characterization study, which involves sampling, sorting and surveying waste material
delivered to landfills over a one year period (Ecology, 2016a). If 56 — 90% of carpets disposed of
in Washington are treated with PFAS (KEMI, 2015), we estimate that 36,000 — 58,000 metric
tons (79.3 — 127.8 million pounds) of PFAS-treated carpet end up in Washington landfills each
year. Additionally, in 2004, Ecology estimated that 84 metric tons (approximately 185,000
pounds) of carpet were illegally dumped on Washington roadways (Ecology, 2005). If 56 — 90%
of these carpets are treated, 47 — 76 metric tons (approximately 100,000 — 167,000 pounds) of
PFAS-treated carpets could be illegally dumped each year.

41 https://fortress.wa.gov/ecy/publications/summarypages/1804005.html
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Potential for exposure to sensitive populations

Nearly all people, including women of childbearing age, infants, and young children, are
exposed to PFAS. A wide range of PFAS subgroups have been frequently detected in humans.
The National Health and Nutrition Examination Survey routinely detects PFOA, PFOS, PFNA and
PFHXS in blood of nearly all participants (CDC-NHANES, 2015, 2017b). PFBS and PFHpA are less
commonly detected in blood, likely due to their relatively quick excretion rates in people
(Kubwabo, Kosarac, & Lalonde, 2013), but can be found in indoor dust (de la Torre, Navarro,
Sanz, & de los Angeles-Martinez, 2019; Karaskova et al., 2016; Strynar & Lindstrom, 2008).

Blood levels of some PFAS have declined in the U.S. general population due to the phase out of
the use of PFOA- and PFOS-related compounds in U.S. production (CDC-NHANES, 2017). Similar
results were reported in a study of 610 American Red Cross blood donors from 2000 through
2015 (Olsen et al., 2017). PFPeA, PFHxA, PFHpA, and PFBS have been commonly detected in
breastmilk among Korean women (Kang et al., 2016) and PAPS (e.g., 4:2 diPAP, 6:2 diPAP, 8:2
diPAP, and 10:2 diPAP) have been detected in breastmilk among Canadian women (Kubwabo et
al., 2013). More information about exposure can be found in the PFAS Chemical Action Plan
Health Appendix (Ecology, 2019a).

People, including infants and young children, are exposed to PFAS from treated carpets. As
carpet degrades, PFAS can be released into indoor air and accumulate in dust. People inhale
and ingest PFAS-contaminated air and dust, leading to human exposure to PFAS. Compared to
places without carpet, homes and offices with carpet can have higher concentrations of various
PFAS in the indoor environment (Fraser et al., 2013; Gewurtz et al., 2009; Kubwabo, Stewart,
Zhu, & Marro, 2005). Karaskova et al. (2016) found that the combined concentration 20 PFAS
on carpeted floors was higher than other floor types (Karasova et al., 2016).

Children, including infants, spend more time on or near the floor, and have relatively high
respiration rates and frequent hand-to-mouth activity. As such, they are exposed to more
contaminated air, carpet, and house dust compared to their body weight than older people.
Karaskova et al. (2016), Shoeib et al. (2011), Tian et al. (2016), and Trudel et al. (2008) have
found that house dust is an important PFAS exposure route for toddlers. Washburn et al. (2005)
estimated that the reasonable maximum exposure scenario for PFOS in carpet was two orders
of magnitude higher for infants than adults, meaning infants could be exposed to PFAS at a
level that is about 100 times higher than adults.

Studies show that children with carpets in their bedrooms have higher concentrations of PFOS,
PFHxS, and Me-PFOSA-ACcOH in their bodies than children with other types of bedroom flooring
(Harris et al., 2017). Boronow et al. (2019) found that women living in homes with treated
carpet had higher exposure to PFAS, PFNA and PFDeA. Fraser et al. (2012) found that office
workers in buildings with higher concentrations of FTOH in the air had higher concentrations of
PFOA in their blood.
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Treated carpet makes a significant contribution to overall exposure. Based on a survey of the
concentration of PFAS in 116 consumer articles, EPA concluded that carpet and carpet care
products were likely significant sources of exposure to PFCAs (EPA, 2009b). Trudel et al. (2008)
found that treated carpet could be a prominent source of consumer product exposure. They
estimated that between 5 and 64% of PFOS exposure was related to contact with treated
carpet.

Potential environmental exposure and exposure to sensitive
species

PFAS are contaminants in Washington’s environment. PFAAs have been detected in drinking
water, surface waters, groundwater, wastewater effluent, freshwater, sediments, and wildlife
in Washington. PFAAs have also been identified above EPA health advisory levels in
groundwater used for drinking in Issaquah and in or around four military bases: Joint Base
Lewis-McChord, Naval Air Station Whidbey Island, Fairchild Air Force Base, and Navy Base
Kitsap-Bangor. (Although, the suspected source of PFAAs in drinking water at these sites is PFAS
in firefighting foams.) Environmental monitoring in the state has shown that PFAA
concentrations are highest in urban surface water and surface waters receiving minimally
diluted WWTP effluent (Ecology, 2016a, 2019a). PFAAs and PFOSA have also been found in
Washington wildlife, such as freshwater fish and osprey eggs (Ecology, 2016a, 2019a).

PFAS from carpet can contribute to environmental PFAS concentrations. PFAS from carpet are
also released into the environment through disposal of carpet in landfills (Lang, Allred, Peaslee,
Field, & Barlaz, 2016). Based on the volume estimates described previously, carpet contributes

PFAS in Washington landfills and the environment through illegal dumping.

The persistence of PFAS in the environment heightens concerns about disposal and release.
PFAS can be released from landfills into air, groundwater, and as leachate (Hamid & Grace,
2018) and PFAS from illegally-dumped carpet are released directly into the environment. PFAS
from indoor carpet can accumulate in house dust (Gewurtz et al., 2009; Knobeloch et al., 2012;
Kubwabo et al., 2005) and can be tracked and vented into the outdoor environment (Wild et al.,
2015) or released into wastewater through laundering processes (Shoeib, Harner, Webster, &
Lee, 2011).

Exposure to PFAS in the environment is a concern for sensitive species. PFAS are
environmentally persistent and some are bioaccumulative (Ecology, 2019a). Two PFAS—PDFA
and PFOS—have been detected in salmon in Puget Sound (Meador, Yeh, Young, & Gallagher,
2016). Governor Inslee’s Southern Resident Orca Task Force identified PFAS as chemicals of
emerging concern.
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Existing regulations

PFAS are not currently regulated under established environmental laws including the
Resource Conservation and Recovery Act, the Comprehensive Environmental Response,
Compensation, and Liability Act, the Clean Water Act, the Safe Drinking Water Act, or the Clean
Air Act (ITRC, 2018). Several bills are active in Congress to address PFAS—including directing
federal agencies to regulate PFAS under the aforementioned laws—and some were included in
the Defense Authorization Act, which became law in 2019 (GovTrack, 2019).

In the absence of federal action, states have begun setting drinking water standards and clean
up levels to limit exposures to PFAS chemicals (ITRC, 2018). As of the date of this report, there
are 23 adopted laws in 11 states pertaining to limits, bans, monitoring, or reporting of PFAS
chemicals, and an additional 18 states are considering regulations (Safer States, 2020b).
California DTSC has proposed PFAS in carpets as a priority product under their Safer Consumer
Products program. This law asks manufacturers to consider alternatives to chemicals of concern
in their products and may lead to regulation (DTSC, 2019b).

In Washington, the sale and use of PFAS-containing firefighting foam is restricted, and PFAS in
firefighting personal protective equipment must be disclosed to purchasers (Chapter 70.75A
RCW#2), The law provides some limited exemptions from the purchase restrictions for
petroleum refineries, oil terminals, chemical plants, and facilities required to use PFAS foams by
federal regulations.

In 2018, Washington adopted a restriction (Chapter 70.95G RCW*3) that will prohibit the use of
PFAS in paper or paperboard food packaging if Ecology determines that safer alternatives exist.
At the time of this report, Ecology is working to identify whether safer alternatives to PFAS in
food packaging are available through the completion of an alternatives assessment.

Health is supporting the State Board of Health (SBOH) in developing state drinking water
standards for PFAAs. In 2019, Health published draft recommendations for state action levels
for five PFAAs in drinking water: PFOS (15 ppt), PFOA (10 ppt), PFNA (14 ppt), PFHXS (70 ppt),
and PFBS (1,300 ppt). The SBOH expects to complete the rulemaking process in 2021 (Ecology,
2019a).

Because PFAS are halogenated organic compounds, they can be regulated under the
Washington state Dangerous Waste Regulations (Chapter 173-303 WAC**). Halogenated
organic compounds are considered dangerous waste when present at or above 100 ppm (0.01 —

42 https://app.leg.wa.gov/RCW/default.aspx?cite=70.75A&full=true
3 https://app.leg.wa.gov/RCW/default.aspx?cite=70.95G&full=true
4 https://apps.leg.wa.gov/WAC/default.aspx?cite=173-303
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1.0%) in a waste stream (code WP02) and extremely hazardous waste when present above
10,000 ppm (1%) in a waste stream (code WPO01).

Existing recommendations: PFAS in carpet were identified as a priority in our draft Chemical
Action Plan* on PFAS.

Availability of safer alternatives

There are a number of ways to meet the function of stain and dirt resistance in carpet. This can
be achieved by using PFAS chemistries, non-PFAS “drop in” alternatives, as well as fibers that
are inherently stain resistant. Non-PFAS “drop in” solutions include siloxane polymers,
polyurethanes, sulfonation, and silicate clay-based repellent. Inherently stain resistant fibers
include wool, polypropylene, polyethylene terephthalate, and polytrimethylene terephthalate.

Several alternatives have been investigated by other agencies, such as DTSC (DTSC, 2018a).
Manufacturers such as Interface® have stopped production of PFAS-containing carpets
(Interface, 2019), and vendors such as Home Depot® and Lowe’s® have phased out sale of
PFAS-containing carpets (Home Depot, 2019). PFAS-free options and retailers’ move to sell only
PFAS-free carpets shows promise for the availability and feasibility of safer alternatives. As part
of our Safer Products for Washington process, we will continue to address the safety and
feasibility of these alternatives in Phase 3.

4 https://fortress.wa.gov/ecy/publications/summarypages/1804005.html
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Chapter 5: Leather and Textile Furnishings

Overview

Priority product

Indoor and outdoor leather and textile furnishings used in residential and commercial settings
include:

e Table linens.

e Bedding.

e Upholstered furniture.

e Cushions and pillows.

e Curtains, drapes, and awnings.
e Towels.

Carpet is not considered a furnishing in this report. Please see the carpet and rugs chapter for
information on carpet.

Priority chemical
Per- and polyfluoroalkyl substances (PFAS).
PFAS represent a large class of chemicals that are highly persistent and can be bioaccumulative

and toxic. See the carpet and rugs chapter for more information about human health concerns
and impacts of environmental release from PFAS.

Priority product summary

Leather and textile furnishings that have been treated during the manufacturing process for
stain, oil, and water resistance are significant sources and uses of PFAS. We made this
determination by considering the criteria in RCW 70.365.030.%¢ These products contribute to
the amounts of PFAS in our homes, workplaces and environment, and have the potential to
expose infants, young children, and women of childbearing age.

In 2009, EPA estimated that leather and textile furnishings were one of the most important
sources of PFAS in our homes. The PFAS in these materials can also be released into the
environment. In 2018, Governor Inslee convened the Southern Resident Orca Task Force to
recommend actions to recover the southern resident orca population. The Task Force named
PFAS as chemicals of emerging concern for orcas. Detailed support for our listing of PFAS in
furnishings as a priority product is shown below.

46 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Background

PFAS are applied to a wide variety of leather and textile products to provide stain, oil, and
water resistance, both during the manufacturing process and as aftermarket treatments. This
priority product focuses on pretreated leather and textile products that have had PFAS applied
during the manufacturing process.

The PFAS used to pretreat leather and textiles has changed over time. Side-chain fluorinated
polymers are the most common PFAS used in leather and textile furnishings (KEMI, 2015). Side-
chain fluorinated polymers have a non-fluorinated carbon backbone connected to short-chain
PFAS side-chains such as FTOHs. As treated textiles degrade under normal wear and tear and
laundering, the fluorinated side-chains (e.g., FTOHs) can be released. Eventually, FTOHs
degrade to PFCAs, which are environmentally persistent. People can inhale or ingest FTOHs and
PFCAs. They are the most commonly analyzed PFAS in textiles, and they have often been
detected in significant quantities.

Estimated volume of PFAS used in leather and textile
furnishings

PFAS are found in a wide range of textile and leather furnishings and contribute to PFAS in
the dust and air of our homes and workplaces. PFAS concentrations in leather and textile
furnishings vary depending on the specific compound (Table 8). Total organic fluorine estimates
are much higher than the estimates of individual types or groups of PFAS. This indicates that we
are not typically analyzing for all the specific PFAS present in these products.

In 2015, the Swedish Chemical Agency estimated that textiles can contain 2 — 3% side-chain
fluorinated polymers by weight (KEMI, 2015). Multiple studies have found high concentrations
of PFCAs and FTOHs in leather and textile furnishings (Table 8).

Based on data from 14 treated home textiles (excluding carpet), with an average total PFCA
(C5 = C12) concentration of 336 ng/g, EPA (2009b) estimated that indoor textiles contribute
1.68 mg of PFAS to most American homes. Vestergren et al. (2015) estimated that imported
textiles (including furnishings and apparel) contribute 6.59 mg PFOA, 2,130 mg 6:2 FTOH, and
197 mg 8:2 FTOH per person per year, based on Norwegian import data. While these studies
present different estimations, both indicate that furnishings contribute PFAS to our homes.
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Table 8. Concentrations of PFAS detected in furnishings.

(Bold concentrations are used in the volume calculations below.)

PFAS analyzed Concentration Product types detected References
Side-chain 20,000,000 — Leather and textile products. KEMI, 2015
fluorinated 30,000,000 ng/g
polymers (2-3%)

Total organic 246,000 -933,500 Table cloths. Borg & lvarsson,
fluorine pg/m? 2017
Total PFCA 7-1021 ng/g Table cloths, mattress pads, EPA 2009b;
(C5-C12) microfiber fabric, upholstery Liu et al., 2015
(fabric), slip covers, cotton
throw.
Total PFCA 0.006 — 3.8 pug/m? Curtains, sofa pillow, quilts, Vestergren et al.,
(C4 -C14) bed linen, fleece blanket, chair 2015
cover, pillow case, towel.
Total PFCA 50-467ng/g Outdoor upholstery, leather Janousek et al.,
(C4 - C14) and outdoor awning fabric. 2019; Kotthoff et
al., 2015
Total FTOH 377 - 42900 ng/g Mattress pads, pillows. Liu et al., 2015
Total FTOH 0.55 — 374 pg/m? Table cloths, upholstery (fabric Hertzke et al.,

and leather), pillow cases,
pillows, towel, curtain,
blankets, slip covers, quilts,
table cloth, and bed sheet.

2012; Vestergren
et al., 2015

Estimated volume of leather and textile furnishings in
Washington

We estimate that 15,500 metric tons of treated textile furnishings are found in Washington
homes. This is based on the EPA (2009b) estimation that there are 5 kg of treated leather and
textile furnishings (excluding carpet) in the average home. According to the U.S. Census, there
were 3.1 million households in Washington in 2018. If each household has 5 kg of treated
textiles, we estimate that a total of 15,500 metric tons (approximately 34 million pounds) of
treated textiles are in Washington homes. This contributes a significant volume of PFAS to
homes across Washington. Using the data in Table 8, we estimate that the 15,500 metric tons
of leather and textile furnishings contributes 310 — 465 metric tons (approximately 680,000 —
1 million pounds) of side-chain fluorinated polymers, 0.1 — 16 kg total PFCA (C5 — C12), and

6 — 665 kg FTOHs to homes across Washington.
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We estimate that up to 1,800 metric tons of PFAS-treated furniture end up in Washington’s
landfills each year. Our draft Chemical Action Plan*’ on PFAS estimated that 59,842 metric tons
(approximately 131 million pounds) of furniture and 167,357 metric tons (approximately 368
million pounds) of other textiles are disposed of each year (Ecology, 2019a). Together, these
two sources comprised 5% of Washington’s waste (Ecology, 2019a). Not all furnishings are
treated with PFAS. In other product categories, such as children’s textiles, 3 — 5% are estimated
to be treated with PFAS (DEPA, 2015a).

If we assume 3% of furniture is treated, it follows that almost 1,800 metric tons (approximately
3.9 million pounds) of PFAS-treated furniture are disposed of each year in Washington.
Similarly, if we assume 3% of textile waste has been treated, about 5,000 metric tons
(approximately 11 million pounds) of PFAS-treated textiles may be discarded each year in
Washington. Leather and textile furnishings represent a portion of the 5,000 metric tons of
PFAS-treated textiles that we estimate are discarded each year.

Potential for exposure to sensitive populations

Nearly all people, including women of childbearing age, infants, and young children, are
exposed to PFAS. The National Health and Nutrition Examination Survey routinely detects
several PFAS in the blood of nearly all participants (CDC-NHANES, 2015, 2017). See the carpet
and rugs chapter for more information about human exposure to PFAS.

People, including infants, young children, and people of childbearing age, are exposed to
PFAS from leather and textile furnishings. PFAS from textiles can be released into indoor air
and accumulate in dust (Schlummer et al., 2013; Yao et al., 2018). Human exposure to PFAS
occurs when people inhale and ingest the contaminated air and dust.

The presence of PFAS in dust from buildings without carpet shows the contribution from other
products (Zeng et al., 2020). Children spend more time on or near the floor and have relatively
high respiration rates and frequent hand-to-mouth activity. As such, they are exposed to more
contaminated air, carpet, and house dust relative to their body weight compared to older
poeple. Karaskova et al. (2016), Tian et al. (2016), Shoeib et al. (2011) and Trudel et al. (2008)
have found that house dust is an important PFAS exposure route for toddlers.

Babies and children under age 3, who often put objects in their mouths, can ingest PFAS when
mouthing textile furnishings, such as table cloths or upholstered furniture. In a 2013 study by
the Danish Environmental Protection Agency, PFCAs were found to migrate from textiles into
artificial saliva, with the saliva collecting 1% of the concentration found in the textile (DEPA,
2013).

47 https://fortress.wa.gov/ecy/publications/SummaryPages/1804005.html
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Leather and textile furnishings have been associated with higher exposure to PFAS. Women
living in homes with treated carpet or upholstery had higher exposure to PFNA and PFDeA
(Boronow et al., 2019). Among 11 sampled indoor air environments, shops that sell textiles
(carpet and curtains) had the highest concentrations of PFAS (Yao et al., 2018). Retail shops
selling outdoor clothing had among the highest concentrations of PFAS measured in ten indoor
environments (Schlummer et al., 2013). It is likely that shops selling outdoor textile furnishings
also have high concentrations of PFAS because they can be treated similarly to outdoor
clothing.

Treated textiles make a significant contribution to exposure. Based on a survey of the
concentration of PFAS in 116 consumer items, EPA concluded that upholstery and other textiles
were likely significant sources of exposures to PFCAs (EPA, 2009b). California Department of
Toxic Substances Control (DTSC) (2016) identified upholstered furniture, along with carpet and
its treatment products, as the largest potential source of significant and widespread PFAS
exposures (DTSC, 2016).

Potential environmental exposure and exposure to sensitive
species

PFAS are contaminants in Washington’s environment. Because PFAS are environmentally
persistent, they are typically found in most media sampled. In Washington, PFAAs have been
detected in drinking water, surface waters, groundwater, wastewater effluent, freshwater,
sediments, and wildlife. See the carpet and rugs chapter for more information about PFAA
detection in Washington environmental monitoring studies.

PFAS from leather and textile furnishings can contribute to environmental PFAS
concentrations. The persistence and solubility of PFAS in the environment heighten concerns
about environmental releases after disposal (Ecology, 2019a). PFAS can be released from
landfills into air, groundwater, and as leachate (Hamid & Grace, 2018; Lang et al., 2016, Lang et
al., 2017; Wang et al., 2020). If textile furnishings are laundered or subjected to upholstery
cleaning machine treatment, PFAS can be released into wastewater (Schellenberger et al.,
2019). The Danish Environmental Protection Agency found that an average of 12% of PFCAs in
textiles are released during a single wash (DEPA, 2013). Further, PFAS in house dust is tracked
into the outdoor environment by foot (Wild et al., 2015).

Outdoor furnishings can degrade and release PFAS directly into the environment. In a study
that pumped air through a chamber at a rate of one m3 every three hours, FTOHs were emitted
from some outdoor textiles (clothing) at a rate of 494 ng/hour (Schlummer et al., 2013). This
demonstrates the potential for outdoor furnishings to release PFAS directly into the
environment.
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Exposure to PFAS in the environment is a concern for sensitive species. PFAS are
environmentally persistent and some are bioaccumulative (Ecology, 2019a). Two PFAS, PDFA
and PFOS, have been detected in salmon in Puget Sound (Meador, Yeh, Young, & Gallagher,
2016). Governor Inslee’s Southern Resident Orca Task Force identified PFAS as chemicals of
emerging concern.

Existing regulations

PFAS are not currently regulated under established environmental laws including the
Resource Conservation and Recovery Act, the Comprehensive Environmental Response,
Compensation, and Liability Act, the Clean Water Act, the Safe Drinking Water Act, or the Clean
Air Act (ITRC, 2018). Several bills are active in Congress to address PFAS—including directing
federal agencies to regulate PFAS under the aforementioned laws—and some were included in
the Defense Authorization Act, which became law in 2019 (GovTrack, 2019). The PFAS
regulatory landscape is rapidly changing (EPA, 2020).

In the absence of federal action, states have begun setting drinking water levels and clean up
levels to limit exposures to PFAS chemicals (ITRC, 2018). California DTSC has proposed PFAS in
carpets, treatments for carpets, and other textiles as a priority product under their Safer
Consumer Products program. This law asks manufacturers to consider alternatives to chemicals
of concern in their products and may lead to regulation (DTSC, 2019). Find more information
about state regulations to limit PFAS exposures in the carpet and rugs chapter.

Existing recommendations: PFAS in textiles were identified as a priority in our draft Chemical
Action Plan on PFAS (Ecology, 2019a).

Availability of safer alternatives

There are a number of ways to meet the function of stain, oil, and water resistance in textiles
and furnishings (Zahid et al., 2019). This can be achieved by using PFAS chemistries, non-PFAS
“drop in” alternatives, as well as fibers that are inherently stain resistant. Non-PFAS “drop in”
solutions include siloxane polymers, polyurethanes, sulfonation, and silicate clay-based
repellent. Inherently stain resistant fibers include wool, polypropylene, polyethylene
terephthalate, and polytrimethylene terephthalate.

Several alternatives have been investigated by other agencies, such as the Danish
Environmental Protection Agency (DEPA, 2015b) and California DTSC (DTSC, 2018). Businesses
such as IKEA® have phased out sales of PFAS-containing textiles (IKEA, 2016), yet they still sell
water-resistant outdoor furniture. The Healthier Hospitals program maintains a list of PFAS-free
furniture that meets its Healthier Interior goal, and individual health care systems such as
Kaiser Permanente have their own policies for PFAS-free furniture (Healthier Hospitals, 2016).
The availability of PFAS-free furnishings shows promise for identifying feasible, safer
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alternatives. As part of our Safer Products for Washington process, we will continue to address
the safety and feasibility of these alternatives in Phase 3.
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Chapter 6: Aftermarket Stain and Water Resistance
Treatments

Overview

Priority product

Aftermarket stain and water resistance treatments for textile and leather consumer products
used in residential and commercial settings and in vehicles.

Treatments may be used on a variety of products by consumers or commercial applicators after
their purchase, including carpets, rugs, furniture, home textiles, apparel, and shoes. This does
not include products marketed or sold exclusively for use at industrial facilities during the
process of carpet, rug, clothing, shoe, or furniture manufacturing.

Priority chemical
Per- and polyfluoroalkyl substances (PFAS).
PFAS represent a large class of chemicals that are highly persistent and can be bioaccumulative

and toxic. See the carpet and rugs chapter for more information about human health concerns
and impacts of environmental release from PFAS.

Priority product summary

Aftermarket stain and water resistance treatments are applied to textile and leather products in
residential and commercial settings and are significant sources and uses of PFAS. We made this
determination by considering the criteria in RCW 70.365.030.%2 Stain and water resistance
treatments contribute to the amounts of PFAS in our homes, workplaces and environment, and
have the potential to expose infants, young children and workers. In 2009, EPA estimated that
carpet and carpet care products were the second largest use of some PFAS, with the broadly
defined “textiles” category ranking first.

We estimate that 2,300 metric tons (approximately 5 million pounds) of stain and water
resistance treatments are used on carpet alone each year in Washington. Additional uses of
stain and water resistance treatments include furniture, home textiles, apparel, and shoes.
People can be exposed to PFAS while applying stain and water resistance treatments and as the
product wears off over time. Since children and infants spend more time on or near the floor,
they are disproportionately exposed to PFAS that accumulate in dust. Epidemiological studies
show that children living in homes with treated carpet and furniture have higher exposures to
PFAS.

48 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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The PFAS from stain and water resistance treatments can also be released into the
environment. Spills and improper disposal of stain and water resistance treatments can release
PFAS directly into environmental media. These PFAS are environmentally persistent and
distribute widely in air and water, making clean-up difficult or impossible in some cases. In
2018, Governor Inslee convened the Southern Resident Orca Task Force to recommend actions
to recover the southern orca population. The Task Force named PFAS as chemicals of emerging
concern for orcas. Detailed support for our listing of PFAS in stain and water resistance
treatments as a priority product is shown below.

Background

PFAS have been used in stain and water resistance treatments since the 1950s. They are
applied to textile and leather products in homes and workplaces by the general public and
professionals to prevent staining, enhance water resistance, and reduce wear and tear. PFAS
can be applied during the manufacturing process for pretreated products. Consumers can also
purchase treatments to apply themselves. This priority product focuses on treatments applied
post-purchase and does not include treatments used by manufacturers.

The specific PFAS used in stain and water resistance treatments have changed over time. From
1970 to 2002, the largest use of PFOS-derived substances was for carpet treatments (48,000
tons globally from 1970 to 2002) (DEPA, 2013; Paul, Jones, & Sweetman, 2009). From the 1950s
to the early 2000s, PFOS-based fluorochemicals were used in stain and water resistance
treatments, and in 2003, manufacturers moved to PFBS-based chemistries. According to safety
data sheets, carpet treatments contain fluorochemicals at concentrations between 3 and 7%
(3M, 2018a), and fabric treatments can contain fluorochemicals at concentrations up to 3%
(3M, 2018b).

There is no publicly available information on what exact fluorochemicals manufacturers use.
However, EPA (2009b), Herzke (2012), and Kothoff et al. (2015) detected PFCAs and FTOHs in
impregnation and nanosprays, including carpet treatments (Table 9). Fluorotelomer-based side-
chain fluorinated polymers degrade into PFCAs and FTOHs in the environment (Washington &
Jenkins, 2015).

Estimated volume of PFAS used in stain and water
resistance treatments

Multiple PFAS have been detected in stain and water resistance treatments at concentrations
that can add significantly to the concentration of PFAS in our homes. Example concentrations
of PFAS in aftermarket treatments are shown in Table 10. Concentrations of PFAS in carpet
following aftermarket treatment are shown in Table 11. EPA (2009b) estimated that there are
about one kg of household carpet care products in the home. One kg of residential carpet
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treatments could contribute 953 ug PFCAs to the home, based on the concentration reported in
Table 10. If we use the information from safety datasheets that report 3 — 7% fluorochemicals
(3M, 2018a), one kg of carpet treatments could contribute between 30,000 and 70,000 mg of
fluorochemicals to the average home.

Higher concentrations of PFAS have been found in commercial carpet care products (12,000
ug/kg total PFCA (C5-C12)), relative to household carpet care products (EPA, 2009b). EPA
(2009b) estimated that six kg of commercial carpet care products are used during one
treatment of a home, suggesting that commercial aftermarket treatments may contribute
72,000 pg PFCAs to the home per treatment. Some manufacturers recommend reapplying
these products to carpet every two years.

A case study from 2012 reported high concentrations of PFAS in carpet in a household that
regularly used aftermarket carpet treatments (Table 10) (Beesoon, Genuis, Benskin, & Martin,
2012). While the need for reapplication implies degradation over time, it is unlikely that the
product wears off completely. Reapplications could lead to increasing concentrations of PFAS in
carpet over time.

In addition to carpet, stain and water resistance products can be applied to other household
items, such as furniture, textiles, apparel, and shoes. Fabric protectors can contain
fluorochemicals at concentrations up to 3% (3M, 2018b). Some manufacturers recommend
reapplying furniture treatments every six months.

Table 9. Reported concentrations of PFAS in stain and water resistance treatments.

Ecology estimated the volume in Washington based on the concentration and the product
volume estimation described below.

PEAS Estimated
Product Concentration volume of PFAS Reference
measured | .
in WA per year

Water proofing 29,889 ug/L Total PFCA 69 Kg Herzke, Olsson, &
agents Posner, 2012
Household 953 ug/kg Total PFCA 2.2 Kg EPA, 2009b
carpet/fabric-care (C5-C12)
liquids and foams
Water proofing 464,774 pg/L FTOH/FTS 1076 Kg Herzke, Olsson, &
agents Posner, 2012
Impregnating 1,857,300 FTOH/FTS 4307 Kg Kotthoff, Muller,
sprays ug/kg Jurling, Schlummer, &
(waterproofing) Fiedler, 2015
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Table 10. Concentrations of PFAS in carpet following aftermarket treatment.

Product Concentration PFAS measured Reference
Carpet 112 -1170 pg/kg PFOS Beesoon et al., 2012
Carpet 8 —153 pg/kg PFOA Beesoon et al., 2012
Carpet 12 — 2880 ug/kg PFHXS Beesoon et al., 2012

Estimated volume used in Washington

We estimate that up to 2,300 metric tons (approximately 5 million pounds) of aftermarket
carpet treatments are used and disposed of in Washington each year. These treatments could
contribute 69 kg PFCA and 4307 kg FTOH/FTS to Washington’s homes and environment. If we
use the 3 — 7% fluorochemicals reported in safety data sheets (3M, 2018), the total
fluorochemicals used in Washington may be much higher—between 69 and 161 metric tons
(approximately 150,000 — 350,000 pounds).

We based our estimate on two approximations. First, there are 17 million square yards of
carpet sold yearly in Washington (based on California Carpet Stewardship Program, adjusted for
the population of Washington). Second, there is an aftermarket treatment rate of 1,500 sq
ft/gallon every two years after the first five years. We assume carpet care liquids have the same
density as water (3M, 2018). To treat the carpet sold annually in Washington, we estimate that
102,000 gallons of treatment would be needed. Since the lifespan of carpet is estimated to be
15 years, we considered carpet purchased over a 15 year period and treated every two years
after a five year period. It is unclear what percentage of the carpet in Washington is retreated
every two years. Our estimations follow manufacturers’ recommendations.

Fabric protectors can be applied to a wide variety of consumer products, such as furniture.
Manufacturer directions state that ten ounces can cover one sofa. The U.S. Census reports that
there were 3.1 million households in Washington in 2018. If each household in Washington
treats their couch twice per year, 1,860 metric tons (approximately 4.1 million pounds) of stain
protectors could be used in Washington each year. Even if only 10% of Washingtonians treated
their couch twice per year, 186 metric tons (approximately 400,000 pounds) of stain protectors
could be used. Manufacturers recommend reapplying to furniture every six months and
reapplying to apparel after each wash or dry clean. The need for reapplication after washing is
concerning because it implies PFAS is washed off and released into our wastewater systems.

Potential for exposure to sensitive populations

Nearly all people, including infants, children, people of childbearing age, and workers, are
exposed to PFAS. The National Health and Nutrition Examination Survey (NHANES) routinely
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detects several PFAS in the blood of nearly all participants (CDC-NHANES, 2015, 2017b). See the
carpet and rugs chapter for more information about human exposure to PFAS.

People, including infants, children, people of childbearing age, and workers are exposed to
PFAS from stain and water resistance treatments. People can be exposed to PFAS from stain
and water resistance treatment during application, before the product dries, and as it degrades
over time. During application, dermal contact and inhalation may occur. When applied to
carpet, the exposure pathway during product degradation is similar for aftermarket treatment
and pretreated carpet.

However, PFAS in pretreated carpet are polymerized, whereas aftermarket treatments are
applied as liquids, making them more likely to migrate from the carpet into dust and air and
increasing the need for reapplication. As carpet treatment wears off, PFAS can be released into
indoor air and accumulate in dust. Beesoon et al. (2012) reported high blood concentrations of
PFHxS, PFOS and PFOA in a family that had their carpet commercially treated approximately
every two years for 15 years. PFAS were also detected in their carpet, house dust and indoor
air. Homes and offices with carpet can have higher concentrations of various PFAS compared to
non-carpeted facilities (Fraser et al. 2013; Gewurtz et al., 2009; Kubwabo, Stewart, Zhu, &
Marro, 2005). Karaskova et al. (2016) found that the combined concentration of 20 PFAS on
carpeted floors was higher than other floor types.

PFAS from stain and water resistance treatments is applied to consumer products and
accumulates in house dust. Because children spend more time on or near the floor, and have
relatively high respiration rates and increased hand-to-mouth activity, they have higher
exposure to contaminated air, carpet and house dust. Karaskova et al. (2016), Shoeib et al.
(2011), Tian et al. (2016), and Trudel et al. (2008) have found that house dust is an important
PFAS exposure route for toddlers. Washburn et al. (2005) estimated that the reasonable
maximum exposure scenario for PFOS in carpet was two orders of magnitude higher for infants
than adults, meaning infants could be exposed to PFAS at a level that is approximately 100
times higher than adults.

Children with carpets in their bedrooms have been found to have higher concentrations of
PFOS, PFHxS, and Me-PFOSA-AcOH in their bodies than those with other flooring types (Harris
et al., 2017). Boronow et al. (2019) found that women living in homes with treated carpet or
upholstery had higher exposure to PFAS, PFNA and PFDeA. Fraser et al. (2012) found that office
workers in buildings with higher concentrations of FTOH in the air had higher concentrations of
PFOA in their blood.

Apparel can also be treated to increase water resistance. Since manufacturers recommend
retreating after every wash, it’s likely that the PFAS used in the product degrade relatively
quickly. One study noted that children who wear water-resistant apparel more frequently have
higher exposures to PFAS (Wu et al., 2015).
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Stain and water resistance treatments make significant contributions to exposure. Based on a
survey of the concentration of PFAS in 116 consumer articles, EPA concluded that carpet and
carpet care liquids were likely the most significant sources of exposures to PFCAs out of the 13
consumer product categories studied (EPA, 2009b). Trudel et al. (2008) found high levels of
PFOA and PFOS in carpet, and determined that treated carpet was the most prominent
exposure pathway from consumer products. They estimated that between 5 and 64% of PFOS
exposure was related to contact with treated carpet, and concluded that exposure to these
chemicals is high for infants, toddlers, and children due to their close contact with carpets
(Trudel et al., 2008).

Potential environmental exposure and exposure to sensitive
species

PFAS have contaminated Washington’s environment. In Washington, PFAAs have been
detected in drinking water, surface waters, groundwater, wastewater effluent, freshwater,
sediments, and wildlife. See the carpet and rugs chapter for more information about PFAA
detection in Washington environmental monitoring studies.

PFAS from stain and water resistance treatments can contribute to environmental PFAS
concentrations. PFAS in stain and water resistance treatments can be released into the
environment if the product spills or if discarded products are improperly disposed. In the
volume estimation section of this chapter, we estimate that up to 2,300 metric tons
(approximately 5 million pounds) of aftermarket carpet treatment are used each year. Similarly,
1,860 metric tons (approximately 4.1 million pounds) of fabric protectors could be applied to
furniture each year in Washington. Since manufacturers recommend retreating carpets every
two years and furniture every six months, we would anticipate the volume applied to furniture
would be released from the carpet and furniture into our homes, workplaces, schools,
daycares, and ultimately the environment.

Stain and water resistance for mill-treated carpets and rugs lasts approximately five years.
Aftermarket treatments do not last as long, and some manufacturers recommend retreating
carpet every two years. This recommendation suggests that PFAS in aftermarket treatments
may migrate from the carpet more quickly than PFAS in mill-treated carpets.

PFAS from stain and water resistance products applied to consumer products can accumulate in
house dust (Beesoon et al., 2008; Kubwabo et al., 2005), and can be tracked into the outdoor
environment (Wild et al., 2015) or released into wastewater through the laundering process
(Shoeib et al., 2011).

When disposed in landfills, treated carpet can contribute to environmental release as the
treatment degrades (Lang, Allred, Peaslee, Field, & Barlaz, 2016). PFAS can be released from
landfills into air, groundwater, and as leachate (Hamid & Grace, 2018). The volume of carpet
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and potential PFAS releases from its disposal are further discussed in the related chapter for
pretreated carpet. It addition to the disposal of treated products, there is also potential for
partially-used containers of stain and water resistance products to be spilled or improperly
disposed.

Exposure to PFAS in the environment is a concern for sensitive species. PFAS are
environmentally persistent and some are bioaccumulative (Ecology, 2019a). Environmental
monitoring has detected two PFAS (PDFA and PFOS) in salmon in Puget Sound (Meador, Yeh,
Young, & Gallagher, 2016). Governor Inslee’s Southern Resident Orca Task Force identified PFAS
as chemicals of emerging concern.

Existing regulations

PFAS are not currently regulated under established environmental laws, including the
Resource Conservation and Recovery Act, the Comprehensive Environmental Response,
Compensation, and Liability Act, the Clean Water Act, the Safe Drinking Water Act, and the
Clean Air Act (ITRC, 2018). Several bills are active in Congress to address PFAS—including
directing federal agencies to regulate PFAS under the aforementioned laws—and some were
included in the Defense Authorization Act, which became law in 2019 (GovTrack, 2019).

In the absence of federal action, states have begun setting drinking water levels and clean up
levels to limit exposures to PFAS chemicals (ITRC, 2018). California DTSC has proposed PFAS in
treatments for textile and leather products as a priority product under their Safer Consumer
Products program (DTSC, 2019a). This law asks manufacturers to consider alternatives to
chemicals of concern in their products and may lead to regulation (DTSC, 2019b). Find more
information about state regulations to limit PFAS exposures in the carpet and rugs chapter.

Existing recommendations: Ecology identified PFAS in aftermarket carpet treatments as a
priority in our draft Chemical Action Plan*® on PFAS (Ecology, 2019a).

Availability of safer alternatives

There are a number ways to meet the function of stain and dirt resistance in textile and leather
treatments. Manufacturers achieve this using PFAS chemistries, non-PFAS drop-in alternatives,
and by choosing alternative materials that do not require aftermarket stain treatment due to
their natural stain resistance. Non-PFAS chemical solutions on the market include silicone
dioxide (ProtectME, 2019), and proprietary anionic non-fluorinated polymers (Bridgepoint
Systems, 2019; Tri-Plex Technical Services, Ltd., 2019).

4 https://fortress.wa.gov/ecy/publications/documents/1804002.pdf
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Inherently stain resistant fibers include wool, polypropylene, polyethylene terephthalate, and
polytrimethylene terephthalate. Other agencies, including DTSC, have investigated several
alternatives (DTSC, 2019a). Alternate materials and PFAS-free chemical alternatives show
promise for the availability and feasibility of safer alternatives. As part of our Safer Products for
Washington process, we will continue to address the safety and feasibility of these alternatives

in Phase 3.
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Chapter 7: Food and Drink Cans

Overview

Priority product

Food and drink cans.

Priority chemical

Phenolic compounds—Bisphenols.

Phenolic compounds, such as bisphenols, are found in consumer products. Exposure to
bisphenols is associated with endocrine disruption, which can lead to obesity. Two bisphenols
within this class, bisphenol A and bisphenol S, are listed as chemicals of high concern to
children (Chapter 70.240 RCW?®9),

Priority product summary

Can linings are a significant source and use of phenolic compounds. We made this
determination after considering the criteria in RCW 70.365.030.°! Metal can linings contribute
to bisphenol concentrations in humans and the environment. Approximately 2.5 billion cans are
sold each year in Washington, and testing shows that a large proportion of those may contain
bisphenol-based can liners.

Dietary exposure to bisphenol A (BPA) is the largest source of exposure to this chemical, and
consuming canned food leads to higher biological levels. This is particularly concerning for
children and infants, who have the largest exposure to BPA, and who may be more affected by
these chemicals due to their sensitive stage in development.

Bisphenols from can linings may also enter the environment. Governor Inslee’s Southern
Resident Orca Task Force has declared them a chemical of emerging concern for our Puget
Sound orca population. Detailed support for our listing of bisphenols in can linings as a priority
product is shown below.

Background

Bisphenols, specifically BPA, are commonly used in epoxy resin-based can linings. These linings
prevent reaction of the food or beverage with the metal can, maintaining food taste and
structural integrity of the can. Resins containing BPA are composed of approximately 85% BPA
by weight. The process for forming BPA resins is shown in Figure 3.

50 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
51 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Figure 3. The creation of BPA-based epoxy resin from BPA and epichlorhydrin (PSLC, 2019).

Resins may also contain curing agents, which help improve mechanical, chemical, and heat-
resistance properties. The addition of heat or chemicals called accelerators may improve the
curing process. Other sealants and polymers may also be used to line cans, and the chemicals
used depend on what is contained in the can.

Besides epoxy resins—which are used in many applications other than can linings—bisphenols
are used in other applications such as polycarbonate and other plastic production, thermal
paper, and as flame retardants. Polycarbonate production is the largest use of bisphenols, but a
phase-out of BPA in most food contact materials (excluding food and drink cans) means that
this is not anticipated to be a major source of human exposure (EFSA, 2013).

Estimated volume of bisphenols used in can linings

Bisphenols are widely present in can linings and canned food. When studying can linings,
researchers often analyze the can contents in order to identify the components of the lining as
well as the leaching rate of the lining into its contents. Thus, bisphenol levels in food prior to
canning may contribute to testing results, and could provide false positives as to the contents
of can linings. However, un-canned food has consistently low levels of BPA—mostly under the
limit of detection—suggesting that false positives would be rare (Cao et al., 2011).

Below is a summary of studies investigating bisphenol use in canned food (Table 11). In 2013,
EU migration limits for BPA in food contact material were lowered from 600 ng/g to 50 ng/g, so
while many of the values below are above the current requirement, they were in compliance
when sampled. These results show widespread and well-documented use of bisphenol-based
can linings, and that these linings may contaminate the contents of the cans.
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Table 11. Summary of studies investigating bisphenol prevalence and concentration in canned

food and beverages.

Year ‘ Sl ‘ Prevalence Concentration Reference
tested
2004 BPA 25/79 (32%) 11 -191 ng/g in food Thomson & Grounds,
2005
2006 BPA 55/97 (57%) Not Disclosed Environmental
Working Group, 2007
2009 BPA 69/69 (100%) 0.032 - 4.5 pg/L in soft Cao, Corriveau, &
drink Popovic, 2009
2010 BPA 19/22 (86%) 0.32-106 ng/g in food Cao et al., 2011
2010 BPA 17/17 (100%) 0.019 — 0.54 pg/L (ppb) in  Bureau of Chemical
soft drinks and beer Safety, 2010
2010 BPA 63/105 (60%) 0.23 - 65.0 ng/g in food Schecter et al., 2010
2010 BPA 46/50 (92%) 0.7 - 1140 ng/g in food and  Chase Wilding et al.,
drink 2010
2011 BPA 71/78 (91%) 2.6 — 730 ng/g in food Noonan, Ackerman,
& Begley, 2011
2013 BPA 27/31 (87%) 0.01 - 146 ng/g in food Liao & Kannan, 2013
2013 BPAF, 10.5%, 11.2%, All with 95t percentile Liao & Kannan, 2013
BPAP, BPB, 2.62%, 10.1%, under 0.74 ng/g, suggesting
BPF, BPP, 3.37%, 20.9%, inadvertent contamination.
BPS, BPZ 2.25% (food— Max of 1130 ng/g BPF
not all canned) found in mustard (which
has natural BPF).
2015 BPA 26/37 (70%) 0.24 —149.0 ng/g in food Lorber, Schecter,
Shropshire, &
Christensen, 2015
2017 BPA 96/252 (32%) of 25— 140 ng/g in food (4 Cox, 2017

linings

samples)

An article published in 2015 stated that “according to coatings specialists, roughly 80%” of
epoxy coatings used in can linings are BPA-based (Waldman, 2015). This is supported by a
statement from the North American Metal Packaging Alliance which estimated that “75% of
canned foods sold in the U.S. are lined with a BPA-based polymer” (Environmental Working

Group, 2015).

Another article published in 2018 quoted an internal Can Manufacturers Institute survey which
found that at least 90% of can linings do not use BPA-based linings. This could suggest that the

industry may be phasing out BPA use (McTigue Pierce, 2018). However, testing data shows that
any phase-out of BPA in can linings is incomplete, and other bisphenols besides BPA have not
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been extensively analyzed, leaving open the possibility of their use—either currently or as a
substitute in the future.

Estimated volume used in Washington

Approximately 2.5 billion cans are sold each year in Washington. As shown above, testing
results, and even statements from industry, vary widely as to the percentage of cans containing
bisphenol-based can liners. According to the 2018 — 2019 Can Manufacturers Institute annual
report, about 125 billion cans are produced per year in the U.S. and Canada (CMI, 2019). Taking
Washington’s population proportion of that would give 2.5 billion cans sold per year in
Washington. Depending on which industry group’s statement is used (North American Metal
Packaging Alliance or Can Manufacturers Institute), BPA-lined cans could consist of as low as
10% or as much as 75% of this figure. This would amount to between 250 million and 1.9 billion
BPA-lined cans sold in Washington per year, or 34 — 253 BPA-lined cans per person. (This
estimate does not include the alternate bisphenols besides BPA.)

Potential for exposure to sensitive populations when used

Nearly all people are exposed to bisphenols. Findings in the Fourth National Report on Human
Exposure to Environmental Chemicals indicate widespread exposure to BPA. CDC scientists
found BPA in more than 90% of the urine samples representative of the U.S. population.
NHANES data from 2003 to 2014 show a decreasing trend in the urinary BPA concentration for
the general U.S. population (CDC, 2019a). Because BPA does not persist for long periods of time
in the body, its widespread detection in people indicates that exposures occur frequently. In
2011, the World Health Organization (WHO) estimated the mean dietary daily intake of BPA for
adults to be 0.4 — 1.4 ug per kg of body weight (WHO, 2011).

The levels of BPA in humans have changed over time, likely due to their replacement in
products. Besides BPA, other bisphenols, such as BPS and BPF, have also been detected in the
urine of the U.S. general population, according to NHANES 2013 — 2014 survey. However, there
is no evidence that these bisphenols are used in can linings. Exposure to other bisphenols (e.g.,
BPS) appears to have increased in the U.S. population due to substitution (Ye et al., 2015).
However, their levels appear to be lower compared to BPA, and the detection frequency is
higher for BPA than other bisphenols (95.7% for BPA, 89.4% for BPS, and 66.5% for BPF)
(Lehmler, Liu, Gadogbe, & Bao, 2018).

Due to inaccuracies in historical testing methods, most BPA levels in organisms are likely
severely underreported. One study found levels in urine 19 times higher using direct analysis
(looking for BPA and metabolites themselves) versus the indirect analysis (looking only for BPA
after transforming metabolites enzymatically) used by federal agencies and in the NHANES data
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set (Gerona, vom Saal, & Hunt, 2019). This has potentially affected risk calculations by
suggesting that population exposure levels are much lower than they are in reality.

People can be exposed to bisphenols used in can linings. General population exposure to BPA
may occur through the ingestion of foods in contact with BPA-containing materials. According
to the FDA, when foods are in direct contact with any packaging material, small but measurable
amounts of the packaging materials can migrate into food and can be consumed with it (FDA,
2014).

The FDA is working with the National Toxicology Program (NTP) to answer questions about BPA
migration into food from food contact materials. According to a recent study, migration from
packaging into beverages and drinking water is as significant as migration to solid food (Russo
et al., 2019). Water has been shown to absorb BPA from liners during heating. For example, low
levels of BPA were detected in water from all unheated cans, rising from 0.06 to 32 ng/cm?
after heating at 100 degrees Celsius (Takao, Lee, Kohra, & Arizono, 2002). Another study found
BPA from lined cans leaches into water held at 121 degrees Celsius to a much higher extent
than water held at 80 degrees Celsius (Sajiki et al., 2007).

Some studies show elevated migration levels of BPA from canned foods. A significant increase
in levels of BPA was observed in tomatoes produced in Italy during canning. This testing also
showed that the heating process during canning or damage by denting may increase BPA
migration levels (Errico et al., 2014). Most migration of BPA (80 — 100%) seems to occur during
the can processing step. Storage (up to nine months) did not alter the levels of BPA migration
(Goodson, Robin, Summerfield, & Cooper, 2004).

In another study, BPA was detected in packaged meat, but bisphenol metabolites were not. If
animals were exposed to BPA before slaughter, one would expect to see evidence of their
metabolism. Absence of metabolites (the end-products of the chemical after it goes through
metabolism in the body) shows that BPA in these foods was the result of contact with a BPA-
containing material, and not from BPA present in the product beforehand (Deceuninck et al.,
2019).

Can linings make a significant contribution to exposure to bisphenols. The European Food
Safety Authority (EFSA) indicates that eating food and/or drinking water that contains BPA is
the largest source of BPA exposure (EFSA, 2015). Consumption of canned food, including some
specific types, such as canned vegetables and fruit, canned pasta, and canned soup, is
correlated with higher urinary BPA concentrations (Hartle, Navas-Acien, & Lawrence, 2016). In
Europe, the consumption of canned meat and vegetables has been identified as the largest
source of dietary intake of BPA (Russo, Barbato, Mita, & Grumetto, 2019).

Carwile (2011) characterized exposure and biological processing of dietary BPA in a group of
healthy adult humans. The study found that on a controlled diet, canned food items are likely
to be significant dietary sources of BPA. Consumption of one serving of canned soup daily over
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five days was associated with a more than 1000% increase in urinary BPA over soup prepared
without canned ingredients (Carwile, 2011). In addition, a study found that urinary BPA
concentrations were more than 16 times as high after drinking canned beverages versus
drinking glass-bottled beverages (Bae & Hong, 2015).

Exposure to bisphenols in can linings is particularly relevant for infants, children, and certain
demographic groups. Children and infants are exposed to bisphenols at a time when their
development is especially susceptible (Mao et al., 2020). Due to reduced metabolism of
bisphenols in fetuses compared to mothers, fetal exposure through cord blood is 2 — 7 times as
high as in mothers (Zhang et al., 2020). By looking at source concentration and use estimations,
EFSA scientists calculated projected exposure for different demographics. This analysis found
dietary exposure to BPA is highest among children aged six months to ten years (explained by
their higher food consumption on a body weight basis), with estimated BPA dietary intake of up
to 0.875 pg per kg of body weight per day (EFSA, 2013, 2015).

Concentration of BPA in breastmilk, a possible exposure route to infants, has been correlated
with drinking canned beverages (Tateoka, 2015). Women of childbearing age had dietary
exposures comparable to men of the same age (up to 0.388 pg per kg of body weight per day)
(EFSA, 2015). Bisphenols have been found to transfer between mothers and the womb, with
BPA and BPS having similar placental transfer efficiencies and significant correlation between
maternal plasma and cord plasma (Pan et al., 2020).

Certain demographic groups may eat more canned food, and thus have higher potential
exposure to bisphenols. USDA calculated that in 2004, African Americans were the highest
consumers, per person, of canned vegitables. In addition, it was found that people from the
southern U.S. spend more on canned vegetables than other regions, while people from the
Midwest spend the most on canned fruit. The elderly (over 64) spent the most of any age group
(USDA, 2008). Those who receive food assistance through the Supplemental Nutrition
Assistance Program for Women, Infant and Children consume an average of 1.3 times as much
canned food as the general population (Laatsz, 2012). These findings have important health
equity and environmental justice implications.

Potential environmental exposure and exposure to sensitive
species

Bisphenols have been found in Washington’s environment and elsewhere. Bisphenols are
present throughout Washington in various environmental media. The Lower Columbia River
Estuary Partnership found BPA in the Columbia river in 2004 (LCREP, 2007). As part of the Puget
Sound Toxics Loading Study,>? Ecology found BPA in WWTP biosolids (Ecology, 2010a), in WWTP
effluent (Ecology, 2010b), and in stormwater, with higher levels during rain events (Ecology,

52 https://fortress.wa.gov/ecy/publications/documents/1103010.pdf
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2011a). BPA was found in Puget Sound at much higher levels than in the relatively uninhabited
Barkley Sound, British Columbia, indicating human contributions to environmental
concentrations (Keil, Salemme, Forrest, Neibauer, & Logsdon, 2011).

Outside of Washington, BPA is frequently detected, sometimes at concentrations that exceed
levels defined as protective of human and environmental health by governmental agencies
(Corrales et al., 2015). Other bisphenols are also commonly found in environmental media, such
as sediment, water, soil, dust, and throughout the WWTP process (Chen et al., 2016; Hu, Zhu,
Yan, Liao, & Jiang, 2019).

Bisphenols from can linings can contribute to environmental bisphenol concentrations. A
2008 risk assessment by the EU found that epoxy resin production is one of the largest sources
of BPA release to bodies of water (Aschberger et al., 2008). Other sources include thermal
paper recycling and production, PVC use and production, and leaching from polycarbonate
bottles. In addition to production of the resin, during the recycling process, cans will be
thoroughly washed and water likely released to WWTPs or the environment. Although
bisphenols are often removed at greater than 90% efficiency by WWTPs, due to the large
volumes of wastewater discharged by recycling facilities, this is still a major source of
environmental release (PPRC, 2015, not peer reviewed).

Sewage sludge used to create biosolids for agriculture has the potential to contribute BPA to
soil, groundwater, and surface water. (Michatowicz, 2014). Discarded cans also have the
potential to contribute bisphenols to the environment. High levels of BPA have been detected
in landfill leachate, and groundwater has been contaminated with BPA near waste dumps
(Michatowicz, 2014).

Exposure to bisphenols in the environment is a concern for sensitive species. Bisphenols can
have a variety of detrimental effects on wildlife (Cioci, Apfelbacher, Strong, & Innes, 2015).
There is evidence that BPA is slightly bioaccumulative in some species (Corrales et al., 2015).
BPA has been shown to cause embryonic deformities, abnormal behavior, growth inhibition in
fish, and reduce the number of offspring in fish (Kang, Aasi, & Katayama, 2007). A wide variety
of bisphenols have shown endocrine disrupting, cytotoxic, genotoxic, reprotoxic, and
neurotoxic effects (Chen et al., 2016). Growth effects have been shown in fish exposed to water
with concentrations as low as 0.078 pg/L (Kang, Aasi, & Katayama, 2007).

While BPA is the most studied bisphenol, there is evidence that other compounds have similar,
if not worse, effects on wildlife. For example, BPF, BPS, BPAF, BPB, and BPC have shown
estrogenic activity similar to BPA (Chen et al., 2016), and can cause stress effects at low levels in
a variety of organisms (Zhou, 2018). Bisphenols were deemed a chemical of emerging concern
for the endangered Puget Sound orca population (Southern Resident Orca Task Force, 2018).
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Existing regulations

There are no federal regulations pertaining to bisphenols in can linings. In the U.S,, there is a
state-driven effort to limit exposure to BPA. As of the date of this report, there are 30 adopted
laws in 14 states pertaining to limits, bans, monitoring, or reporting of BPA in products, and an
additional seven states are considering regulatory actions (Safer States, 2020a). Of the 30
adopted laws, six laws in six states directly ban BPA in infant formula cans and child food
containers. California DTSC has listed BPA in food packaging as a proposed priority product
under its workplan (DTSC, 2019c). In Washington, BPA is banned from children’s food and
beverage containers under RCW 70.280.020(1)>3 (Safer States, 2020a).

BPA has been banned from infant feeding bottles across the EU since 2011. It is also banned in
other materials that come into contact with food intended for infants and children under three
years. France has banned BPA in all food packaging, containers and utensils (ECHA, 2019). In
2018, the European Commission reduced the specific migration limit (SML) of BPA from plastics,
coatings and varnishes for metals and other contact sources to food from 0.6 mg/kg to 0.05
mg/kg. The reduced SML coincided with a ban on BPA in plastic bottles and packaging intended
for babies and children (ECHA, 2019; PackaginglLaw, 2018). The European Chemicals Agency
(ECHA) has officially declared that exposure to BPA poses a serious human health concern
(ECHA, 2019).

In 2010, EPA proposed rulemaking under the Toxic Substances Control Act (TSCA) to identify
BPA as “a substance that may present an unreasonable risk of injury to the environment on the
basis of its potential for long-term adverse effects on growth, reproduction and development in
aquatic species at concentrations similar to those found in the environment.” This proposed
rule has been stalled in the Office of Management and Budget for several years (EPA, 2010a).

Availability of safer alternatives

There are a number of ways to store preserved food and beverages, including metal cans with
can linings and containers made of different materials. Can linings may be comprised of
bisphenols as well as alternative substances such as oleoresins, acrylics, or PET plastic. Other
food packaging options include glass, lined cardboard, and PET plastic containers.

Several alternatives have been investigated by NGOs, such as the National Resources Defense
Council (Singla, 2016), the Berkeley Center for Green Chemistry (Berkeley, 2016), and the Food
Packaging Forum (Geueke, 2016). The availability of bisphenol-free food storage options
suggests that safer alternatives are available. As part of our Safer Products for Washington
process, we will continue to address the safety and feasibility of these alternatives in Phase 3.

53 https://app.leg.wa.gov/RCW/default.aspx?cite=70.280.020
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Chapter 8: Thermal Paper

Overview

Priority product

Thermal paper: Paper coated with a material formulated to change color when exposed to
heat.

Priority chemical
Phenolic compounds—Bisphenols.

See the food and drink cans chapter for more information about human health concerns and
impacts of environmental release from bisphenols.

Priority product summary

Thermal paper is a significant source and use of phenolic compounds. We made this
determination by considering the criteria in RCW 70.365.030.>* Bisphenol-containing thermal
paper contributes to the amounts of bisphenols in our bodies. Approximately 3,300 tons of
thermal paper are used every year in Washington, and tests show that much of it contains
certain bisphenol derivatives (BPS- or BPA-based chemicals) that function as developers. The
European Food Safety Authority (EFSA) estimates that thermal paper use is one of the leading
sources of human exposure to BPA.

Multiple industries use thermal paper every day. People absorb the chemicals on thermal
paper, significantly raising the concentration of bisphenols in their bodies. Retail workers are
especially susceptible to this pathway due to the use of thermal paper for receipt tape. They
have much higher exposure than the general population and consistently higher internal levels.

Thermal paper also contributes to bisphenol concentrations in the environment. Recycling of
thermal paper is the largest source of BPA to the environment. Governor Inslee’s Southern
Resident Orca Task Force deemed bisphenols a chemical of emerging concern for our orca
population. Detailed support for our listing of bisphenols in thermal paper as a priority product
is shown below.

Background

Bisphenols, such as bisphenol A (BPA) and bisphenol S (BPS) (molecular structures below), are
utilized as developers in the chemical reaction that provides color when using thermal paper.
Bisphenols are organic acid solids which melt when exposed to sufficient heat. When melted,
bisphenols will combine with dyes and alter the dye’s pH, causing the dye to change color.

54 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Other components such as sensitizers and stabilizers can help with performance and reliability
of this developer-dye reaction. All of these components are mixed into a thermally-reactive
layer and are applied to a wide range of base papers as a coating.
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Figure 4. Molecular structures of bisphenol A (BPA) and bisphenol S (BPS).

Besides thermal paper, bisphenols are used in many applications such as epoxy resins,
polycarbonate and other plastic production, and as flame retardants. Polycarbonate production
is the largest use of bisphenols, but the phase-out of BPA use in most food contact materials
means they are not anticipated to be a major source of human exposure (EFSA, 2013).

Estimated volume of bisphenols used in thermal paper

Bisphenols are frequently detected in thermal paper at high concentrations. The following is a
summary of bisphenol concentrations found in thermal paper where, for the most part, the
chemical is assumed to have been added intentionally (Table 12). Other results not included
consist of detections at much lower concentrations (usually less than 100 ppm), which we
assume result from inadvertent contamination during manufacturing (such as due to
contaminated recycled paper). Bisphenols found in commercially-available thermal paper
include BPA and BPS, though other bisphenols have been proposed as alternatives (EPA, 2015a;
Pelch et al., 2019).

In the U.S., BPA has been detected in thermal paper at levels as high as 28,000 ppm (2.8%), and
BPS at 71,000 ppm (7.1%) (Lunder, Andrews, & Houlihan, 2010). In general, it seems that some
thermal paper manufacturers have recently switched from BPA developers to BPS and other
alternatives, such as Pergafast 201 and acetic acid, though bisphenols still make up the majority
of the developers in receipts (Table 13). These results show the widespread and well-
documented use of bisphenols as thermal paper developers.

Table 12. Summary of studies investigating bisphenol concentrations found in thermal paper.

Year Country ‘ Chemical ‘ Concentration Reference
2010 u.S. BPA 300 - 15,400 ppm Mendum, Stoler,
Vanbenschoten, & Warner,
2011
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Year Country ‘ Chemical ‘ Concentration

2010 U.S. and Japan
2011 Worldwide
2012 Belgium

2012 Worldwide

2013 China
2014 US
2014 US
2015 Brazil

2015- Germany
2017
2015- Germany
2017

2017 India
2018 us
2018 us

2019 Worldwide

2019 Worldwide

BPA

BPA

BPA

BPS

BPA

BPA

BPS

BPA+BPS

BPA

BPS

BPA

BPA

BPS

BPA

BPS

8,000 — 28,000 ppm

<LOQ - 13,900 ppm
(including inadvertent)
9,000 — 21,000 ppm

0.014 — 22,000 ppm
(including inadvertent)
2,580 —-14,700 ppm

54 — 79 ug/cm3
37— 75 pg/cm3
1,000 - 43,000 ppm
4,000-32,400 ppm
5,000 — 18,000 ppm
300-6,600 ppm

14,500 ppm (78.6
ug/cmd)

71,000 ppm (311
ug/cm?)

<LOQ —-20,270 ppm
(including inadvertent)
<LOQ - 13,290 ppm
(including inadvertent)

Reference

Lunder, Andrews, &
Houlihan, 2010
Liao & Kannan, 2011

Geens, Goeyens, Kannan,
Neels, & Covaci, 2012
Liao, Liu, & Kannan, 2012

Lu, Chang, Sojinu, & Ni, 2013

Apfelbachter, Cioci, &
Strong, 2014

Apfelbachter, Cioci, &
Strong, 2014

Rocha, Azevedo, Gallimberti,
Campiglia, & Barbosa, 2015
Eckardt & Simat, 2017

Eckardt & Simat, 2017

Rajankar, Mohapatra, &
Mathur, 2018

Zaharias, Miller & Olson,
2018

Zaharias, Miller & Olson,
2018

Molina-Molina et al., 2019

Molina-Molina et al., 2019

Table 13. Summary of studies investigating bisphenol prevalence in thermal paper.

Year ‘ Country

Chemical ‘

2010 u.s. BPA

2010 u.S. and BPA

Japan

2011 Worldwide BPA

Publication 20-04-019

Prevalence in thermal
paper tested
8/10 (70%)
12/39 (31%)

97/103 (94%)
(including inadvertent)

70

Reference

Mendum, Stoler,
Vanbenschoten, & Warner, 2011
Lunder et al., 2010

Liao & Kannan, 2011
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Prevalence in thermal
paper tested
32/44 (73%)

Year ‘ Country ‘ Chemical ‘ Reference

2012 Belgium BPA Geens, Goeyens, Kannan, Neels,

& Covaci, 2012

2012 Worldwide BPS 111/111 (100%) Liao, Liu, & Kannan, 2012
(including inadvertent)

2013 China BPA 42/42 (100%) Lu, Chang, Sojinu, & Ni, 2013

2014 us BPA 9/18 (50%) Apfelbachter, Cioci, & Strong,
2014

2014 us BPS 9/18 (50%) Apfelbachter, Cioci, & Strong,
2014

2015 Brazil BPA+BPS  186/190 (98%) Rocha, Azevedo, Gallimberti,
Campiglia, & Barbosa, 2015

2015- Germany BPA 46.9% — 52.5% Eckardt & Simat, 2017

2017

2015 -  Germany BPS 6.1% —11.4% Eckardt & Simat, 2017

2017

2016 us BPA 5/103 (5%) Lucia, 2016

2016 us BPS 98/103 (95%) Lucia, 2016

2017 India BPA 12/12 (100%) Rajankar, Mohapatra, & Mathur,
2018

2018 us BPA 30/167 (18%) Zaharias, Miller & Olson, 2018

2018 us BPS 126/167 (75%) Zaharias, Miller & Olson, 2018

2019 Worldwide BPA 85/112 (75.9%) Molina-Molina et al., 2019

2019 Worldwide BPS 14/112 (12.5%) Molina-Molina et al., 2019

2019 Worldwide BPF 0% Molina-Molina et al., 2019

Estimated volume used in Washington

Approximately 3,300 tons of thermal paper are used per year in Washington. Minnesota
Pollution Control Agency estimated in 2015 that national thermal paper use was about 146,000
imperial tons annually (Cioci, Apfelbacher, Strong, & Innes, 2015). Taking the Washington
population share of that would give 3,300 tons (6.6 million pounds) of thermal receipt paper
used per year.

An EU risk assessment estimated that 1,860 metric tons (approximately 4.1 million pounds) of
BPA were used per year for thermal paper in the EU during 2005 — 2006 (Aschberger et al.,
2008). Taking the ratio of populations (Washington versus EU) and extrapolating to current
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time would give an estimated usage of 29 metric tons (nearly 64,000 pounds) of BPA in
Washington from thermal paper. This does not take into account BPS use or changes in thermal
paper components since 2006.

Potential for exposure to sensitive populations when used

Nearly all people are exposed to bisphenols. Findings in the Fourth National Report on Human
Exposure to Environmental Chemicals indicate widespread exposure to BPA. CDC scientists
found BPA in more than 90% of the urine samples representative of the U.S. population.
NHANES data from 2003 to 2014 show a decreasing trend in the urinary BPA concentration for
the general U.S. population (CDC, 2017b). Because BPA does not persist for long periods of time
in the body, its widespread detection in people indicates that exposures occur frequently. In
2011, the World Health Organization (WHO) estimated the mean dietary daily intake of BPA for
adults to be 0.4 — 1.4 ug per kg of body weight (Hines et al., 2017).

The levels of BPA in humans have changed over time, likely due to their replacement in
products. Besides BPA, other bisphenols that may be used in thermal paper, such as BPS and
BPF, have also been detected in the urine of the U.S. general population, according to NHANES
2013 — 2014 survey (Lehmler, 2018). Exposure to other bisphenols (e.g., BPS) appear to have
increased in the U.S. population due to substitution (Ye et al., 2015). However, their levels
appear to be lower compared to BPA, and the detection frequency is much higher for BPA than
other bisphenols.

Due to inaccuracies in historical testing methods, most BPA levels in organisms are likely
severely underreported. See the food and drink cans chapter for more information about
human exposure to bisphenols.

Bisphenols in thermal paper make a significant contribution to exposure. Exposure to
bisphenols through thermal paper can occur because bisphenols exist as free molecules in the
coating layer. These molecules wear off and can easily be transferred to the skin or anything
that touches the paper (Liao & Kannon, 2011). Bisphenols can then be absorbed through the
skin or transferred from unwashed hands to food and ingested (Hormann et al., 2014).

Thermal paper is a significant source of BPA for the general population above three years of age
(accounting for up to 15% of total exposure in some population groups) (EFSA, 2013). Although
exposure is higher in adults from thermal paper, there is still potential for babies and toddlers
to be exposed to BPA from thermal paper through recycling of receipts and other routes in
addition to direct contact. EFSA (2013) indicates that thermal paper is the second largest source
of external BPA exposure after eating food and/or drinking water containing it.

Exposure to BPA for five minutes from a single dermal contact, even when followed by hand
washing, leads to detectable urinary levels in people. One study found that after dermal
exposure, urinary BPA levels remained elevated for up to nine days, whereas after oral
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exposure they returned to normal after 10 — 20 hours. A greater proportion of the BPA was
detected in urine after dermal exposure than after oral exposure (Liu & Martin, 2017). Thus, it
seems likely that dermal exposure to BPA will lead to a higher proportion of BPA in systemic
circulation compared to oral exposure.

Several studies have shown that briefly handling receipt papers leads to significant absorption
into the body. One study found that over 88% of BPS exposure for most humans comes from
handling thermal receipts (Liao et al., 2012). Another study found that BPA transfers readily
from receipts to skin and can penetrate the skin to such a depth that it cannot be washed off.
This study determined that absorption of BPA into the body increases as much as tenfold when
thermal paper is handled with moist or greasy fingers (Biedermann, Tschudin, & Grob, 2010).

Exposure to bisphenols in thermal paper is particularly relevant for children and retail
workers. Several studies have calculated estimated daily intake (EDI) for exposure to bisphenols
from thermal paper. A study measured BPA in 44 thermal papers collected in Belgium. Exposure
levels in the Belgian general population from thermal paper were 445 ng BPA per day (Geens et
al., 2012). EFSA estimated that BPA exposure through thermal paper averaged 0.071 pg/kg/day,
or 4.4 yg/day for an average 62 kg adult, with the highest exposure group being adolescents
aged 10 — 18 years, who had exposure averaging 1.6 times higher than adults, at 0.113
ug/kg/day (EFSA, 2015).

BPA has been detected in household dust, which infants are disproportionately exposed to,
suggesting another route of exposure that may be influenced by thermal paper use (Kubwabo
et al., 2016). BPA and BPS are able to cross the placenta and can expose the fetus, having
similar adverse outcomes to offspring (Mao et al., 2020; Pan et al., 2020). Due to reduced
metabolism of bisphenols in fetuses compared to mothers, fetal exposure through cord blood is
2 —7 times as high as in mothers (Zhang et al., 2020).

The exposure for people who regularly contact thermal paper, such as employees who handle
paper receipts, can be much higher than for the general population. For instance, median
intake was found at 1.42 pg/day of BPA and BPS in the Brazilian general population, while
intake levels for people who were occupationally exposed was 71 pg/day (Rocha et al., 2015). In
Shenzhen, China, EDIs were found at 0.69 ug/day for general population and 40.4 pg/day for
workers at a supermarket (Lu et al., 2013). At an Italian market, exposures from thermal paper
were 0.0625 pg/day for the general population, and 66.8 pg/day for occupationally exposed
individuals (Russo, Barbato, & Grumetto, 2017).

The CDC reports that people working in retail industries have 30% more BPA in their bodies
than the average U.S. adult (CDC, 2017b). On average, workers in the National Institute for
Occupational Safety and Health (NIOSH) study had BPA levels in their urine about 70 times
higher than adults in a NHANES general population study (Hines et al., 2017). Handling of
thermal receipts has been shown to have a significant impact on urinary BPA levels, and also a
correlation with 8-hydroxy-2'-deoxyguanosine, which is a measure of oxidative stress (Lv et al.,
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2017). NHANES data also showed that overall, workers with potential occupational exposure
are more likely to have detectable levels of urinary BPA. Notably, females with potential
occupational exposure had significantly higher urinary BPA excretion compared with females
with unlikely occupational exposure. However, there was no statistically significant association
between occupation and urinary BPA in males (Hehn, 2016).

In cashiers who handled bisphenol-containing receipts, bisphenol levels in urine were
significantly higher than in non-cashiers. Post-shift levels (0.54 pg/g) of urinary BPS were
significantly higher than pre-shift levels (0.23 pg/g) for the 32 cashiers who handled BPS-
containing receipts (Thayer et al., 2016). Other studies found a significant increase in urinary
BPA levels for cashiers handling thermal paper daily (Ndaw, Remy, Jargot, & Robert, 2016), and
that levels remained elevated 48 hours after handling thermal receipts (Liu et al., 2017).

Potential environmental exposure and exposure to sensitive
species when used

Bisphenols have been found in Washington’s environment and elsewhere. Bisphenols are
present throughout Washington in all forms of environmental media. Outside of Washington,
BPA is frequently detected, sometimes at concentrations exceeding levels protective of human
and environmental health as defined by governmental agencies (Corrales et al., 2015). See the
food and drink cans chapter for more information about the presence of bisphenols in
Washington’s environment and elsewhere.

Bisphenols from thermal paper can contribute to environmental bisphenol concentrations. A
2008 risk assessment by the EU found that while thermal paper production is one of the
smallest industrial uses of BPA, recycling of the paper contributes the largest industrial source
of BPA entering the environment (Aschberger et al., 2008). Other sources include PVC use and
production, epoxy resin production, and leaching from polycarbonate bottles.

Although BPA is often removed at greater than 90% efficiency by WWTPs, due to the large
volumes of wastewater discharged by recycling facilities, this is still a major source of
environmental release (PPRC, 2015, not peer reviewed). Sewage sludge used to create biosolids
for agriculture has the potential to contribute BPA to soil, groundwater, and surface water.
(Michatowicz, 2014). End-of-life thermal paper also has the potential to contribute bisphenols
to the environment, either through landfill, recycling, or littering (Wang, Liu, & Liu, 2017). High
levels of BPA have been detected in landfill leachate, and groundwater has been contaminated
with BPA near landfills (Michatowicz, 2014).

Exposure to bisphenols in the environment are a concern for sensitive species. Bisphenols can
have a variety of detrimental effects on wildlife (Cioci et al., 2015). There is evidence that BPA is
slightly bioaccumulative in some species (Corrales et al., 2015). BPA has been shown to cause
embryonic deformities, abnormal behavior, and growth inhibition, and can also reduce the
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number of offspring in fish (Kang, Aasi, & Katayama, 2007). Many bisphenols show endocrine
disrupting, cytotoxic, genotoxic, reprotoxic, and neurotoxic effects (Chen et al., 2016). Growth
effects have been shown in fish exposed to water with concentrations as low as 0.078 pg/L
(Kang, Aasi, & Katayama, 2007).

While BPA is the most studied bisphenol, there is evidence that closely related compounds have
similar, if not worse, effects on wildlife. For example, BPF, BPS, BPAF, BPB, and BPC have shown
estrogenic activity similar to BPA (Chen et al., 2016), and can cause stress effects at low levels in
a variety of organisms (Zhou, 2018). Bisphenols were deemed a chemical of concern for the
endangered Puget Sound orca population (Southern Resident Orca Task Force, 2018).

Existing regulations

There are no U.S. federal regulations regarding BPA in thermal paper. In the US, there is a
state-driven effort to limit exposures to BPA. As of the date of this report, there are 30 adopted
laws in 14 states pertaining to limits, bans, monitoring, or reporting of BPA in products, and an
additional seven states are considering regulatory actions (Safer States, 2020a). Of the 30
adopted laws, two pertain to paper. In 2011, Connecticut established the first state ban on BPA
in thermal receipt paper. In 2019, Illinois prohibited the manufacture, distribution or use of BPA
in making banking or business paper (Safer States, 2020a). California DTSC has proposed
bisphenols in office machinery consumables as a priority product under their Safer Consumer
Products program. This law asks manufacturers to consider alternatives to chemicals of concern
in their products and may lead to regulation (DTSC, 2018c).

In 2010, EPA proposed rulemaking under the Toxic Substances Control Act (TSCA) to identify
BPA as “a substance that may present an unreasonable risk of injury to the environment on the
basis of its potential for long-term adverse effects on growth, reproduction and development in
aquatic species at concentrations similar to those found in the environment.” This proposed
rule has been stalled in the Office of Management and Budget for several years (EPA, 2010a).

BPA will be banned in thermal paper in the EU starting in 2020 (ECHA, 2016). BPS and BPA are
banned in thermal paper in Switzerland (ChemicalWatch, 2019a).

Availability of safer alternatives

Several alternatives to bisphenol-containing thermal paper are available and in circulation.
There are a number of automatic paper documentation options including thermal paper and
printed paper. For thermal paper, developers include bisphenols, ascorbic acid, Pergafast 201,
and urea compounds. Another thermal paper alternative is heat-voided paper. For some
applications, no receipt or a digital receipt may be suitable alternatives. Alternatives have been
investigated by other agencies, such as EPA (2014a), ECHA (2014a), and MPCA (Cioci et al.,
2015).
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Several retailers have policies in place prohibiting the use of bisphenols in thermal receipts
(ChemicalWatch, 2019b). Some bisphenol-free alternatives may be safer. As part of our Safer
Products for Washington process, we will continue to address the safety and feasibility of
alternatives to bisphenols in thermal paper during Phase 3.
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Chapter 9: Laundry Detergent

Overview

Priority product
Laundry detergent.

Priority chemical

Phenolic compounds—Alkylphenol ethoxylates.

Phenolic compounds, such as alkylphenol ethoxylates, are found in consumer products.
Exposure to alkylphenol ethoxylates is associated with endocrine disruption, which can lead to
obesity.

Some alkylphenol ethoxylates are persistent in the environment and can accumulate in wildlife
and people (EPA, 2018b). These factors, combined with their aquatic toxicity, make
environmental releases of alkylphenol ethoxylates particularly concerning.

Priority product summary

Laundry detergents are a significant source and use of phenolic compounds. We made this
determination after considering the criteria in RCW 70.365.030.>> Laundry detergents
contribute to environmental concentrations of alkylphenol compounds. In 2015, California
Department of Toxics Substances Control (DTSC) estimated that institutional cleaners—
including laundry detergent—are the largest use of nonylphenol ethoxylates (NPEs).

We estimate that as much as two million pounds of laundry detergent potentially containing
alkylphenol ethoxylates (APEs) are used in Washington each year. Laundry detergents
containing APEs are disposed of down the drain and make their way through wastewater
treatment plants to bodies of water. There, the alkylphenol compounds act as toxicants and can
disturb the endocrine systems of aquatic life.

Governor Inslee’s Southern Resident Orca Task Force identified alkylphenols as a chemical of
emerging concern. Alkylphenols and alkylphenol ethoxylates have been heavily restricted in
many other countries, leading to lower concentrations in those areas. Detailed support for our
listing of APEs in laundry detergent as a priority product is shown below.

55 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Background

APEs are used as surfactants in laundry detergents to help clean clothing and linens. The
surfactant reduces the surface tension of liquids, helping them spread and wet materials.

The chemical structure of APEs consists of an alkylated phenol ring with anywhere from one to
over 70 ethoxylate groups in a chain (DTSC, 2018b). The most commonly found ethoxylates are
nonylphenol ethoxylate (NPE) and octylphenol ethoxylate (OPE).

Manufacturers have largely phased out the production of residential laundry detergents
containing APEs, but they are still present in some detergents marketed for commercial or
industrial use, especially for use in hospitals, hotels, and nursing homes (also known as on-
premises laundries). Large uniform providers, such as Cintas® and Aramark®, have phased out
the use of APEs in their detergents. The majority of APE-containing laundry detergents use NPE
as the surfactant, so NPE numbers are often used in place of total APEs when considering the
class.

Estimated volume of APEs in laundry detergents

Laundry detergents are likely the largest use of APEs in commerce. The percentage of
commercial detergents using APEs is unclear, but a market report contracted by California DTSC
in 2015 estimated that “institutional cleaners” (including laundry detergents and other cleaning
products) was the dominant use of NPEs globally at 39% of use by volume (Figure 4). Other
products with less use than cleaners include leather and textiles, paint, oilfield chemicals
(fracking fluid), and agrochemicals (pesticide adjuvants).

This is similar to a 2002 finding that 41% of household detergents tested contained NPEs,
although residential use of NPEs in detergents has been phased out since that time (Cheng &
Ding, 2002). Ecology was unable to find a large quantity of non-laundry detergent cleaning
products available on the market containing APEs. This suggests that the “institutional cleaners”
category described in DTSC’s market report consists mainly of laundry detergent, which is the
most prevalent historical use. DTSC also estimated that cleaning products containing NPEs
consisted of concentrations ranging from 10 — 100%, and that over 25% of manufacturers had
detergents containing APEs (DTSC, 2018b). A search of laundry detergent safety data sheets
(SDSs) found NPE ranges from 1 — 40%.
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Figure 5. Market use (in %) of nonylphenol ethoxylates globally in 2015, as reported by
California DTSC in 2018.

Estimated volume used in Washington

Approximately two million pounds of laundry detergent are used per year in Washington.
California DTSC estimated that about two billion pounds of laundry are generated in on-
premises launderers in California (DTSC, 2018b). Using a similar method, but substituting
Washington numbers for days occupied at facilities, we estimate that on-premises launderers in
Washington generate about 370 million pounds of laundry per year (Table 14).

DTSC estimated that eight fluid ounces of 20% NPE-containing liquid is used per 100 pounds of
on-premises laundry (DTSC, 2018b). If we use these estimations per 100 pounds of laundry—
and make the heaviest use assumption that all on-premises launderers use NPE-containing
detergent—this would mean that about two million pounds of laundry detergent containing
370,000 pounds of NPEs would be discharged per year by Washington on-premises laundries.

This figure may be an underrepresentation, as it does not include other industrial type laundry
facilities that may use APE-containing laundry detergent, such as cruise ships, cargo ships, and
prison facilities. The amount that these facilities would contribute to APE use in Washington is
unclear. The daily average prison population in Washington is approximately 37,000 (Jones,
2018), giving an additional 13.5 million room-nights of laundry when a full year is taken into
account. This equates to 180 million pounds of laundry if using the same generation rate as
hotel rooms. SDSs of laundry detergents marketed for use in detention facilities have been
found to contain APEs (Garland C. Norris Company, 2015).
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The EPA’s Vessel General Permit electronic Notice of Intent database contains 2,102 ships
greater than 79 feet in length that submitted a plan to dock in Washington and discharge
graywater (which would include laundry wastewater) in 2019. This graywater may or may not
be treated prior to release. The quantity of ships that actually entered Washington waters and
how much graywater was discharged is unclear.

Table 14. Estimated amount of laundry generated by on-premises launderers in Washington.

Millions Generation % washed in | Laundry generated

Facility type Units of units rate (pounds | on-premises | (millions of pounds)
per year per unit) launderers per year
Hotels and | Occupied 24.5 13.25 100% 325
motels room
nights
Hospitals Inpatient 3.0 15 10% 5
days
Nursing Resident 5.8 7.1 100% 41
facilities days
Total 370

Potential for exposure to sensitive populations when used

Nearly all people, including infants and women of childbearing age, are exposed to APEs.
Alkylphenols (AP) are environmental and biological metabolites of APEs. APs are more easily
analyzed than APEs due to their varying ethoxylation chain lengths, and they are more
persistent. Non-ethoxylated APs are used in much lower quantities than APEs in consumer
products, so AP levels are often considered a surrogate of APE presence. In addition, APs have
higher aquatic toxicity and endocrine-disrupting activity than APEs, so levels of APs are more
relevant from a risk analysis perspective (DTSC, 2018b). For these reasons, APs are more often
measured in studies than APEs, and can serve as an indicator of APE exposure and hazard
(DTSC, 2018b).

Detection in of APs in urine indicates recent exposures. In a longitudinal study, 4-tert-
octylphenol has not been detected in the urine of more than 50% the U.S. general population
for more than three survey cycles (2005 — 2006, 2007 — 2008, and 2009 — 2010), so it was no
longer reported after 2010. In 2009 — 2010, it was only detected in 5 — 10% of the population
CDC, 2019a). This suggests its use in detergents in the U.S. was declining at least until 2010. 4-
tert-octylphenol was also detected in the urine of adult Japanese volunteers, though the levels
were near or below the detection limit (Inoue et al., 2003; Kawaguchi et al., 2004).

Nonylphenol (NP) has been detected in human breastmilk (Ademollo, Ferrara, Delise, Fabietti,
& Funari, 2008), showing exposure in women of childbearing age and a pathway for exposure of
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newborns. It has also been found in maternal blood (Guenther et al., 2002; Li et al., 2013),
umbilical cord blood (Chen et al., 2008; Guenther et al, 2002; Huang et al., 2014), urine, and
placenta (Calafat et al., 2005). Both NP and NPEs have been detected in household dust, to
which infants are disproportionately exposed (Kuwabo, 2016). In addition, fat tissue collected
from surgeries in Italy between 2005 and 2007 contained NP concentrations that ranged from
10 — 226 ng/g (Ferrara et al., 2011).

In 2014, some phenolic compounds, including octylphenol, were measured in the urine of
healthy Danish pregnant women. The levels varied significantly among them, suggesting that
there were common exposures associated with a specific occupation or environment (Tefre de
Renzy-Martin et al., 2014).

People can be exposed to APEs used in laundry detergent. Monitoring data indicate that the
general population typically contacts NP via three exposure pathways:

1) Inhalation of ambient air (Rudel et al., 2003; WHO, 2004).
2) Ingestion of dust (Lu et al., 2013), food, and drinking water.
3) Dermal contact with consumer products containing NP (NCBI, n.d.).

People can also be exposed to emissions from the end-of-life phase of products containing low
amounts of APEs via air, drinking water, and soil (Health Canada, 2001; EC, 2002; EPA, 2010b).
Alkylphenol and alkylphenol ethoxylates are commonly detected in house and office dust
(Abafe, 2017; Kuwabo et al., 2016). This indicates that indoor house or office dust may be one
of the major routes for human exposure to these compounds. Because laundry detergent is the
largest use of APEs, it is likely that use of APE-containing detergents is contributing to all of
these exposure pathways.

Laundry detergent makes a significant contribution to APE exposure. The largest source of
APE exposure to people is thought to be food, especially fish (CDC, 2019a; EC, 2008). APEs have
been detected in wild fish tissue (Ecology, 2016b; Lv et al., 2019). For people who have higher
fish consumption, such as indigenous populations (Ecology, 2013), this has important health
equity and environmental justice implications.

NPEs in laundry detergent are not completely removed by WWTPs, and therefore may
accumulate in fish living in receiving waters via contact with contaminated sediment and water.

Another route of APE exposure to humans may be from drinking water. NP has been detected
in bottled water and tap water, and is not removed completely by some water treatment
options (Mao et al., 2012). APEs and APs from laundry detergent can be found in WWTP
effluent and biosolids that are applied to the land.

Exposure to APEs in laundry detergent is particularly relevant for workers. Workers handling
laundry detergent have a higher potential for exposure compared to the general population
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(DTSC, 2018b). Occupational exposure to APEs may occur through inhalation and dermal
contact with this compound at workplaces where it is produced or used. Workers are exposed
to APEs in laundries when they transfer chemicals into washers. These workers can be exposed
to either powdered or liquid detergents. Powdered detergents have the greatest potential for
inhalation exposure due to breathable dust containing APEs (DTSC, 2018b).

Potential environmental exposure and exposure to sensitive
species

AP/APEs have been found in Washington’s environment and elsewhere. APEs and APs are not
naturally occurring, so any detection in the environment is a consequence of human activity. NP
has been found in almost all environmental media in Washington. NP was only detected in 1%
of samples from freshwater streams during baseflow and storm events as part of data gathering
for Ecology’s Puget Sound Toxics Loading Study>® (Ecology, 2011a), though this is expected

since the majority of environmental NP is coming from WWTPs. In two other separate phases of
this study, NP was detected at up to 400 ng/L in WWTP influent, at up to 200 ng/L in WWTP
effluent (Ecology, 2010b), and found in 6.3% of samples from WWTP discharges. The Puget
Sound Toxics Loading Study also predicted that NPE-containing detergents could emit NP
directly into the atmosphere (Mackenzie, Mcintyre, Howe, & Israel, 2018). This can lead to
atmospheric deposition—the process by which particles from the atmosphere collect on solid
surfaces.

A 2007 King County survey of endocrine-disrupting compounds found NP in marine water at
levels ranging from at or below the limit of detection (< non-detect concentration, ND) up to
0.254 pg/L; in lakes at ND — 0.149 pg/L; in streams at ND — 0.836 ug/L; and in stormwater at up
to 44.2 pg/L (KingCounty, 2007). A 2016 study by Ecology found OPE, NP, and NPEs in 48% of
freshwater fish tissue, at levels from 445 — 4080 ng/kg (Gottschall et al., 2017).

Globally there has been widespread detection of APEs and APs in water, air, and sediment.
Levels were found as high as 743 pg/L and 933 pg/L in surface water in China and 120 pg/L and
258 pg /Lin U.S. wastewater (DTSC, 2018b; European Commission, 2002; Salomon et al., 2019;
Selvaraj, Shanmugam, Sampath, Joakim Larsson, & Ramaswamy, 2014).

APEs from laundry detergents can contribute to environmental APE concentrations. Facilities
that use high levels of APE-containing products have higher levels of APEs in their wastewater
compared to facilities that do not use APE-containing products (Nagarnaik, Mills, & Boulanger,
2010). In addition, inadequately treated wastewater can release NP in the aquatic environment,
further emphasizing that a large proportion of environmental NP comes from uses that are
disposed of into wastewater systems, such as detergents (Mao et al., 2012).

%6 https://fortress.wa.gov/ecy/publications/documents/1103010.pdf
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NP concentrations are much lower in the EU than in Asia. This suggests that NP concentrations
in the environment are in part due to NPE/NP use in products in Asian markets that are
restricted in the EU, such as laundry detergents. NPE/NP and OPE/OP have been restricted for
almost all uses in the EU, including laundry detergent and other cleaning products (Mao et al.,
2012). In European WWTPs, NP has significantly decreased in both influent and effluent
concentrations since the implementation of restrictions (Hohne & Pittmann, 2008).

During wastewater treatment, NP from laundry detergents can accumulate in biosolids (Mao et
al., 2012). Biosolids can then be applied to land for agricultural purposes, which allows for
another route of environmental exposure to APs. See the figure on the following page for a
diagram of potential pathways for laundry detergents used in on-premises laundries to enter
the environment.

Figure 6. Potential exposure pathways for NPEs from laundry detergents (DTSC, 2018b).
(This figure does not include all possible exposure pathways for NPEs from consumer products

to the environment.)

Exposure to APEs in the environment is a concern for sensitive species. Using EPA’s standard
evaluation procedure, APs and APEs are slightly to very highly toxic to freshwater fish and
invertebrates—depending on the ethoxylate chain length. The ability of APEs to damage cell
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membranes increases with decreasing ethoxylation chain length. Consequently, non-
ethoxylated NP and OP are the types most toxic to aquatic organisms (DTSC, 2018b).

In addition to toxicity, NP and OP have shown endocrine-disrupting properties (Celino-Brady,
Petro-Sakuma, Breves, Lerner, & Seale, 2019), and therefore are restricted in the EU (ECHA,
2013). NP causes reproductive and growth impairment in a variety of aquatic organisms, and
can be immunotoxic to Pacific oysters, even at low concentrations (DTSC, 2018b).

Another concern is the synergistic effect of APEs on toxicity with other compounds, specifically
pesticides. This means that when combined with these compounds, such as in stormwater
runoff or when applied in agriculture, the resulting mixture is more harmful to wildlife than the
sum of the two chemicals separately (DTSC, 2018b).

Existing regulations

Currently there are no federal or state regulations specifically addressing APEs in laundry
detergents. As of the date of this report, we are not aware of any pending legislative proposals
at the state level related to APEs in detergents. In 2014, EPA proposed a Significant New Use
Rule (SNUR) under the Toxic Substances Control Act (TSCA). The rule would require
manufacturers to provide at least 90 days notice to EPA before commencing a significant new
use or resuming a previous use of the 15 NP/NPEs that are no longer used in commerce. This
would give EPA the opportunity to evaluate the intended use and, if warranted, take action to
prohibit or limit the activity before it occurs (EPA, 2014b). EPA has also added a NP and NPE
category to the Toxics Release Inventory (TRI) Program list of reportable chemicals (EPA, 2018).

The EU restricts NP and NPE via Annex XVII at greater than 0.1% in multiple products including
cleaning products. Other APEs are on the European Substance of Very High Concern (SVHC)
candidate list (ECHA, 2012), requiring authorization before use.

South Korea’s K-REACH program recently adopted restrictions similar to the European
Commission’s to limit the intentional use of NPEs (at greater than or equal to 0.1% by weight) in
various products, including domestic, industrial, and institutional cleaning products (DTSC,
2018b).

Availability of safer alternatives

There are a number of surfactants available for laundry detergents. Non-APE chemicals include
alcohol ethoxylates, alkyl polyglucosides, and alkyl sulfate esters. Several agencies and NGOs
have investigated these alternatives including BizNGO (2014), DTSC (2018), ECHA (2014b), and
EPA (2012). The availability of non-APE surfactants suggest that safer alternatives may be
available. As part of our Safer Products for Washington process, we will continue to address the
safety and feasibility of these alternatives in Phase 3.
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Chapter 10: Vinyl Flooring

Overview

Priority product
Vinyl flooring.

Priority chemical
Phthalates: Synthetic chemical esters of phthalic acid.

Consumer products release phthalates into our homes, schools and workplaces as they
degrade. Exposure to phthalates is associated with endocrine disruption, impaired reproduction
and prenatal development, neurodevelopmental impacts, and potentially asthma (EPA, 2019f).
Some phthalates are listed as chemicals of high concern to children (Chapter 70.240 RCW>7).
While phthalates are not environmentally persistent, their constant release into the
environment has led to recontamination of clean-up sites.

Priority product summary

Vinyl flooring is a significant source and use of phthalates. We made this determination after
considering the criteria in RCW 70.365.030.°8 We estimate vinyl flooring may contain
phthalates at concentrations ranging from 9 — 32% by weight, contributing significant amounts
of phthalates to our homes, workplaces, and environment.

While phthalate exposure can come from a variety of sources, the potential for infants and
young children to be exposed to phthalates from vinyl flooring is especially concerning. Multiple
studies report associations between vinyl flooring in the home and higher concentrations of
urinary phthalate metabolites (the end-products of the chemical after it goes through
metabolism in the body) in infants, children, and pregnant women.

Vinyl flooring has been associated with higher concentrations of phthalates in air and dust. As
vinyl flooring ages, phthalates are released into the environment. In 2011, Ecology estimated
that vinyl flooring may contribute 0.1 metric tons (220 pounds) of phthalates to Puget Sound
each year. Governor Inslee’s Southern Resident Orca Task Force named phthalates an emerging
chemical of concern for orcas and their food sources. Detailed support for our listing of
phthalates in vinyl flooring as a priority product is shown below.

57 https://app.leg.wa.gov/RCW/default.aspx?cite=70.240
58 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.030
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Background

Phthalates are used in vinyl flooring, also known as polyvinyl chloride (PVC) flooring, to soften
plastic and increase flexibility and durability. Historically, ortho-phthalates, such as DEHP and
DINP, were the majority of the phthalates used in vinyl flooring. But over time, the industry has
moved toward terephthalates. Recently, an NGO study supported retailers’ claims that they
have stopped selling flooring containing ortho-phthalates (Miller, Belliveau, Walsh, & Shade,
2019, not peer reviewed). During the public comment period for the draft version of this report,
eleven flooring manufacturers supported a public comment from the Resilient Flooring and
Covering Institute (RFCI) that stated that ortho-phthalates have been removed from the vast
majority of flooring (RCFI, 2020).

However, we still don’t know how much of the market has moved away from ortho-phthalates.
Because children can be exposed to phthalates from vinyl flooring, we want to make sure that
the market as a whole has moved away from using ortho-phthalates. We are currently verifying
the extent of ortho-phthalate removal from new flooring sold in Washington. Since
manufacturers have six months to comply with a data request, new data is not incorporated
into this report.

Estimated volume of phthalates used in vinyl flooring

We estimate that over half of vinyl flooring may contain phthalates at concentrations ranging
from 9 to 32% by weight. The volume of phthalates used in vinyl flooring has changed over
time. In 2011, Washington state estimated that among polyvinyl chloride products, including
flooring, 30% are composed of DEHP (Ecology 2011). Afshari et al. (2004) found that 17 — 18.5%
of the PVC flooring was comprised of DEHP.

In 2014, a study of 16 types of vinyl flooring found concentrations of phthalates ranging from

9 —23% of the flooring by weight (Liang & Xu, 2014). In 2016, the California Office of
Environmental Health Hazard Assessment estimated that DINP was present in vinyl floors at up
to 18.9% in their safe use determination statement (California Office of Environmental Health
Hazard Assessment, 2016). A summary of the percent of ortho-phthalates found in vinyl
flooring is shown in Table 15. If we assume a home has 150 square feet of vinyl flooring—one
70 square foot kitchen and two 40 square foot bathrooms—weighing approximately 0.9 kg/sq
ft, vinyl flooring containing 18% DINP by weight could contribute 24 kg of DINP to the home.

If we assume a home has 150 square feet of vinyl flooring weighing approximately 0.9 kg/sq ft,
vinyl flooring containing 18% DINP per weight could contribute 24 kg of DINP to the home.

In 2015, ortho-phthalates were commonly sold in vinyl flooring. An NGO study analyzed 65 vinyl
flooring tiles and detected phthalates in 58% of the products (The Ecology Center, 2015, not
peer reviewed). It is important to note that in 2018 the same group reassessed phthalates in
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vinyl flooring sold from retailers advertising “phthalate-free flooring.” They analyzed 26 vinyl
flooring tiles and did not detect phthalates in any of the products at concentrations above 1%
(Miller et al., 2019, not peer reviewed). We are currently confirming the proportion of the
market that has removed ortho-phthalates from new flooring sold in Washington.

Table 15. Examples of the percentage of vinyl flooring by weight comprised of phthalates.

(*Based on California’s Safe Use Determination)

Phthalate Major metabolites Concentration Reference
DEHP MEHOP, MEHHP, MEHP, 17 -18.5% Afshari, Gunnarsen,
MECPP Clausen, & Hansen,
2004
DINP MINP, MHINP, MOINP 20% Liang & Xu, 2014
DEHP MEHOP, MEHHP, MEHP, 23% Liang & Xu, 2014
MECPP
BBP MBzP 15% Liang & Xu, 2014
DnBP MnBP 9% Liang & Xu, 2014
DINP MINP, MHINP, MOINP 18.9%* California, 2016
DEHP MEHOP, MEHHP, MEHP, 0.16 —32.3% Noguchi & Yamasaki,
MECPP 2016

Estimated volume used in Washington

We estimate that vinyl flooring sold in Washington each year contributes 4,500 — 16,800
metric tons of phthalates to our homes, workplaces, and schools and 0.15 metric tons of
phthalates to the environment. Recent national estimates of the sales of resilient flooring, a
category of flooring comprised largely of types of vinyl flooring, range from $3.68 billion in 2016
(Floor Covering Weekly, 2017) to $4.5 billion in 2019 (Resilient Floor Covering Institute, 2019),
the lower amount corresponding to 4.27 billion square feet.

Using Washington’s population in proportion to the national population, this translates to
approximately 100 million square feet (approximately 90,000 metric tons) sold annually in the
state. Based on the detection rate of 58% (The Ecology Center, 2015, not peer reviewed) and a
concentration range of 9 — 32% phthalates by weight (Table 15), we estimate that 4,500 —
16,800 metric tons (approximately 9.9 million — 37 million pounds) of phthalates are found in
vinyl flooring purchased annually in Washington, and that 0.17 metric tons (374 pounds) of
phthalates are released to the environment from vinyl flooring.
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Potential for exposure to sensitive populations

Nearly all people, including children, people of childbearing age, and workers, are exposed to
phthalates. Phthalate exposure is widespread in the U.S. general population. CDC (2019) notes
that over 90% of Americans have measurable levels of many phthalate metabolites in their
bodies. Ten years of biomonitoring data conducted by the CDC shows widespread exposure to
most phthalates in the U.S. population. Between 2001 — 2002 and 2009 — 2010, DEHP exposure
has declined about 37%, whereas DINP and DIDP exposure have increased (Zota, Calafat, &
Woodruff, 2014). DIDP metabolites were detected in 89% of participants in 2005 — 2006 and
94% of participants in 2009 — 2010 (Zota, Calafat, & Woodruff, 2014). DINP metabolites were
detected in 96% of participants in 2005 — 2006 and 98% of participants in 2009 — 2010 (Zota,
Calafat, & Woodruff, 2014).

Between 2010 and 2011, the Washington Environmental Biomonitoring Study analyzed urine
samples from 422 teens and women of childbearing age for phthalate metabolites. MEOHP,
MEHHP, MEHP, and MBZP are some of the major metabolites from phthalates used in vinyl
flooring (Table 15). These metabolites were detected in 98% of samples (Health, 2019). This is
similar to results from a cohort of 378 pregnant women from Charleston, South Carolina. MBzP,
MEHHP, MEOP and MEHP were all detected in greater than 90% of urine samples (Wenzel et
al., 2018).

Children show similar exposure patterns as women of childbearing age. MBzP and MEHHP were
detected in greater than 96% of samples from children ages 6 — 11 collected between 2007 and
2012 (Odebeatu, Taylor, Fleming, & Osborne, 2018). Human biomonitoring studies have
measured parent phthalate in blood (Specht et al., 2014) and their metabolites in human urine
(CDC, 2019a; CDC, 2019b; Dong et al., 2017; Health Canada, 2013; Silva et al., 2007; Suzuki et
al., 2009; Tefre de Renzy-Martin et al., 2014), semen (Chen et al., 2017; Nassan et al., 2016),
saliva (Silva, 2005), and breastmilk (Hogberg et al., 2008; Main et al., 2006). Phthalates can
cross the placental barrier (Fennel, Krol, Sumner, & Snyder, 2004), and some have been
detected in cord blood (Ashley-Martin, 2015) and amniotic fluid (Silva et al., 2004).

These findings demonstrate that exposure to phthalates is widespread and that sensitive
populations often have particularly high exposures.

Sensitive populations are exposed to phthalates in vinyl flooring. Epidemiological studies
observe higher concentrations of BBP metabolites in people who live in homes with vinyl
flooring. Because phthalates are not chemically bound to PVC in vinyl flooring, they can leach
out over time, allowing for dermal exposure and contaminating indoor air and house dust (Xu,
Cohen-Hubal, Clausen, & Little, 2009). House dust ingestion and inhalation is an important
exposure route for infants and young children because they spend more time on or near the
floor, have more frequent hand-to-mouth activity, and experience faster respiration rates than
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adults. A Swedish study of preschool dust observed higher concentrations of DINP in rooms
with PVC flooring (Larsson et al., 2017).

Multiple studies have found associations between phthalate metabolites in children’s urine and
vinyl flooring in the home. A prospective birth cohort of 239 children from New York reported
that BBP concentrations in indoor air were significantly higher in rooms with vinyl or linoleum
flooring (Just et al., 2015). While linoleum does not typically contain phthalates, the survey
question asked about vinyl or linoleum flooring. Children living in homes with vinyl or linoleum
floors had higher concentrations of BBP metabolites in their urine (Just et al., 2015). The study
guestionnaire did not distinguish between vinyl and linoleum flooring. These results are similar
to a Swedish study of 110 infants, which found that PVC flooring in the bedroom was associated
with higher urinary BBP metabolite concentrations (Carlstedt, Jonsson, & Bornehag, 2012).

Another study shed light on the magnitude of the impact of vinyl flooring on children’s urinary
BBP metabolites, reporting that children who lived in homes with 100% vinyl flooring had
urinary concentrations of BBP metabolites 15 times higher than those of children who lived in
homes with no vinyl flooring (Hammel et al., 2019).

Vinyl flooring has also been associated with worsening asthma symptoms, particularly in
children. One study found that children living with vinyl flooring in their bedroom were 1.5
times more likely to develop asthma during the following 10-year period as compared with
children who live in homes with other types of flooring. The association was strongest for
children whose parents had bedrooms with vinyl flooring during pregnancy (Shu, Jonsson,
Larsson, Nanberg, & Bornehag, 2014). The impacts of vinyl flooring on asthma may affect low-
income and minority populations hardest. Some of these communities already face higher rates
of asthma (CDC, 2020), possibly due to increased exposures to other environmental
contaminants (Miranda, Edwards, Keating & Paul, 2011; Orellano, Quaranta, Reynoso, Balbi &
Vasquez, 2017).

Workers in buildings with vinyl flooring can also have increased exposure. In a Swedish study of
personnel in four geriatric hospitals, researchers found asthma symptoms were more common
in the two buildings with signs of dampness. They suggested that this was related to phthalate
migration from PVC flooring (Norback, Wieslander, Nordstrom, & Walinder, 2000). A similar
study in office buildings also implicated PVC flooring. After employees complained of several
respiratory, conjunctival and dermal symptoms, researchers identified degradation of the
plastic floor coverings as the source of chemicals in the air (Tuomainen, Seuri, & Sieppi, 2004).

Potential environmental exposure and exposure to sensitive
species

Releases of phthalates from vinyl flooring can contribute to environmental concentrations.
Phthalates found in vinyl flooring can be released from the product into air and dust (Xu et al.,
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2009). Following their release from flooring, phthalates can be tracked outside where they can
contaminate the environment. They can also be released into our wastewater when we launder
dusty items. Phthalates (BBP and DEHP) have been found in both WWTP influent and effluent
(Ecology, 2010a).

Phthalates are frequently detected in the environment. In the Puget Sound area,
Commencement Bay and the Lower Duwamish Waterway are EPA Superfund sites, partially due
to phthalate contamination. Because phthalates are not environmentally persistent, the
concentrations observed at these sites are reflective of current release levels. In 2010, a
remedial investigation into phthalate levels in the Lower Duwamish Waterway found DEHP in
surface sediment, surface water, fish, and invertebrate samples, and BBP in surface sediment
(Lower Duwamish Waterway Group, 2010).

A similar investigation into Commencement Bay showed decreasing concentrations of many
contaminants between 1999 and 2008. However, during that same period, concentrations of
DEHP increased. DEHP was detected in all 30 sediment samples and BBP was detected in 20% of
sediment samples (Ecology, 2010b). The City of Tacoma has been monitoring phthalates in
stormwater sediment traps from 2001 to 2016, and detected DEHP and BBP (City of Tacoma,
2017). King County has conducted additional monitoring in the Duwamish Estuary and still
detected DEHP in sediment, and concluded that juvenile Chinook salmon are exposed to
phthalates from sediment in the estuary (King County, 2018).

In 2011, Ecology’s Puget Sound Toxics Loading Study®>® estimated the environmental release of
phthalates to the Puget Sound area from various sources, including vinyl flooring. Twenty
percent of phthalates, seven tons per year, are attributable to PVC products. Of the PVC
products, vinyl flooring is estimated to contribute 1.4% of phthalates or 0.1 metric tons of
phthalates released into Puget Sound each year (Ecology, 2011b). Expanding this 0.1 metric
tons estimate from the Puget Sound region only to the entire population in Washington, we
expect that 0.17 metric tons (374 pounds) of phthalates are released to the environment from
vinyl flooring.

Phthalates are also an emerging and major source of leachate contaminant from landfills. They
are primarily emitted from consumer products and building materials, which include flooring
(Ramakrishnan et al., 2015). As phthalates are used as plasticizers, it is likely that PVC materials
in the landfill are contributing to the phthalates in leachate (Kalmykova, Bjorklund, Stromvall, &
Blom, 2013). There is widespread evidence from worldwide landfill studies that phthalates are
leaching, and can become ubiquitous contaminants in the surrounding environment. Disposal
of household materials such as flooring is a primary source of phthalates that can contaminate
various environmental media (Liu et al., 2010; Paxeus, 2000; Reid, Brougham, Fogarty, & Roche,

%9 https://fortress.wa.gov/ecy/publications/documents/1103010.pdf
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2007; Wowkonowicz & Kijenska, 2017). Phthalate-contaminated leachate can seep into
surrounding groundwater to a greater extent than surface water or topsoil (Liu et al., 2010).

Phthalates are a concern for sensitive species. Governor Inslee’s Southern Resident Orca Task
Force named phthalates as chemicals of emerging concern. Phthalates in the environment can
be toxic to both mammalian and non-mammalian aquatic life (Mathieu-Denoncourt, Wallace,
de Solla & Langlois, 2015). Similar to concerns in humans, phthalates can cause endocrine
disruption and impair reproduction and development in wildlife (Corradetti et al., 2013; Yuen,
Qiu & Chen, 2020).

Existing regulations

Currently, no U.S. federal regulations exist for phthalates in vinyl flooring. EPA is evaluating
five phthalates under the revised Toxic Substances Control Act (TSCA): DBP, BBP, DEHP, DIBP,
and dicyclohexyl phthalate, and slated others for further assessment (EPA, 2019c). Additionally,
manufacturers requested that EPA conduct risk evaluations for DIDP and DINP under TSCA
Section 6. EPA granted both of these manufacturer requests.

In the U.S,, there is a state-driven effort to limit exposures to phthalates. As of the date of this
report, there are 30 adopted laws in 14 states pertaining to limits, bans, monitoring, or
reporting of phthalate chemicals in products, and an additional seven states are considering
regulatory actions (Safer States, 2020a). Of the 30 existing laws, 20 ban phthalates in a variety
of food containers, paper products, and children’s products. Federal laws (including the federal
Consumer Product Safety Improvement Act (CPSIA)) prohibit more than 0.1% of three types of
phthalates in children’s toys: DEHP, DBP, and BBP (CPSC, 2019a; Safer States, 2020a).

The European Chemicals Agency (ECHA) maintains a list of ten phthalates on their Candidate
List of Substances of Very High Concern published under the REACH Regulation (ECHA, 2019).
Four phthalates (BBP, DBP, DEHP, and DIBP) are restricted to 0.1% by weight (individually or

combined) of the plasticized material in any product, including flooring (QIMA, 2019).

Availability of safer alternatives

There are a number of resilient flooring options including cork, tile, vinyl flooring, linoleum,
rubber, and polyolefins. Vinyl flooring may use ortho-phthalate plasticizers or alternatives, such
as diisononyl cyclohexandicarboxylate (DINCH), tris (2-ethylhexyl) trimellitate (TOTM), and bis
(2-ethylhexyl) terephthalate (DEHT). Several alternatives have been investigated by NGOs, such
as Northwest Green Chemistry (Northwest Green Chemistry, 2018), Health Care Without Harm
(Lent, Silas, & Vallette, 2009), and Healthy Building Network (Lott, 2014). Many manufacturers
have moved away from the use of ortho-phthalates in vinyl flooring and are currently using
DEHT, which may be a safer alternative. As part of our Safer Products for Washington process,
we will continue to address the safety and feasibility of these alternatives in Phase 3.
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Chapter 11: Personal Care and Beauty Products
(Fragrances)

Overview

Priority product

Personal care and beauty products that have fragrances. Examples include:

e Skincare products and body washes.

e Perfumes, colognes, body mists, and toilet waters.
e Eye and facial makeup.

e Face and body paint.

e Hair care products.

e Deodorants.

This priority product focuses on phthalates used in fragrances added to personal care and
hygiene products. Products regulated by the Food and Drug Administration as drugs, biological
products, or medical devices are excluded.

Priority chemical
Phthalates: Synthetic chemical esters of phthalic acid.

See the vinyl flooring chapter for more information about human health concerns and impacts
of environmental release from phthalates.

Priority product summary

Fragrances used in the personal care and hygiene products are a significant source and use of
phthalates. We made this determination after considering the criteria in RCW 70.365.020.5°
Fragrances contribute to phthalate exposure in sensitive populations and the environment.
Women of childbearing age and pregnant women have higher exposure to the phthalates used
in fragrances than men, and this is largely attributed to their use of personal care and hygiene
products. Among women, women of color have higher phthalate levels from exposure
attributable to fragrances in beauty products. These findings have important health equity and
environmental justice implications.

Phthalates are frequently detected in the environment, particularly in urban areas, such as
Commencement Bay and the Duwamish Estuary. In 2011, Ecology estimated that fragrances
accounted for 33% of the 34 tons of phthalates released into Puget Sound annually. While
phthalates are not environmentally persistent, large diffuse sources have led to widespread

60 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.020
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environmental contamination that has the potential to impact sensitive populations. Governor
Inslee’s Southern Resident Orca Task Force named phthalates a chemical of concern for orcas
and their food sources. Detailed support for our listing of phthalates in personal care and
beauty products as a priority product is shown below.

Background

Phthalates serve two functions in fragrances: as solvents to keep ingredients well-blended and
as fixatives that help extend the scent lifetime. In order to function in fragrances, phthalates
must be able to volatilize, making lower molecular weight phthalates more useful than higher
molecular weight phthalates. The most commonly reported phthalate used in fragrances is
diethyl phthalate (DEP), but dimethyl phthalate (DMP), di-n-butyl phthalate (DBP), butylbenzyl
phthalate (BBP), and di(2-ethylhexyl) phthalate (DEHP) have all been detected at lower
concentrations. Fragrances are typically added to cosmetic products to make them smell
favorably, however unscented products can still contain fragrances.

Estimated volume of phthalates used in fragrances

Phthalates are frequently detected in fragrances at concentrations that contribute a
significant volume to our homes and environment. Since 2002, FDA has been surveying the
concentrations of phthalates in personal care and beauty products. While overall their data
show a decline in the use of phthalates, DEP was detected in almost half (11 out of 25) of the
fragrances sampled in 2010 (FDA, 2013). The concentrations ranged from 480 — 40,000 ppm.

More recent studies suggest phthalates are still widely found in fragrances (Table 16). DEP is
the most frequently detected phthalate in fragrances and it is found at mean concentrations
between 0.16 and 0.18%, with the maximum concentration reported as 4.4%. In 2015, a study
of 47 fragrances detected at least one phthalate in all products analyzed (Al-Saleh, 2016). Of
the five phthalates analyzed (DMP, DEP, DBP, BBP, and DEHP), DEP was found in the greatest
concentration and present in all 47 products analyzed. This is consistent with a 2013 study of 12
fragrances that detected DEP in all products tested (Guo & Kannan, 2013a). Table 16 shows
detection frequencies and concentrations of phthalates in fragrances. These studies support
our 2011 estimation that the total phthalate concentration in fragrances is around 1.2%
(Ecology, 2011b).

In studies of multiple types of personal care and beauty products, fragrances frequently have
the highest concentrations and detection rates for phthalates analyzed. A 2011 study by
Koniecki et al. tested 252 products from the Canadian market for 18 phthalates. They detected
DEP, DMP, DEBP, DBP, and DEHP. DEP was the most frequently detected phthalate (103 out of
252 products) and the highest concentrations were found in fragrances (Koniecki, Wang,
Moody, & Zhu, 2011). Guo and Kannan’s (2013a) study of 170 personal care products also
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found that fragrances had the highest detection frequency and concentration for DEP. Of the
170 personal care products, DEP was detected in 20% of baby care products, 53% of leave-on
products, and 24% of rinse-off products (Guo & Kannan, 2013a).

Table 16. Detection frequencies and concentrations of phthalates (detected over 100 ppm) in
personal care and hygiene products.

Product Detection Mean
Phthalate | Metabolites (and maximum) Reference
type frequency .

concentration

DEP MEP Fragrance 11 outof25 7,813 ppm (max FDA, 2013
44,000 ppm)

DEP MEP Fragrance 47 outof47 1,622 ppm (max Al-Saleh, 2016
23,649 ppm)

DMP MMP Fragrance 47 outof47 30 ppm (max Al-Saleh, 2016
405 ppm)

BBP MBzP Fragrance 47 outof47 8 ppm (max 187 Al-Saleh, 2016
ppm)

DEHP MEHOP, Fragrance 46 outof47 6 ppm (max Al-Saleh, 2016

MEHHP, 147.5 ppm)
MEHP, MECPP

DEP MEP Fragrance 12 outof 12 3,420 ppm (max Guo & Kannan,
7,980 ppm) 2013a

DEP MEP Body wash 5outof11 270 ppm (max Guo & Kannan,
2,420 ppm) 2013a

DEP MEP Shampoo 3 out of 9 393 ppm (max Guo & Kannan,
3,530 ppm) 2013a

DEP MEP Hair care 5 out of 6 179 ppm (max Guo & Kannan,
897 ppm) 2013a

In addition to the products listed in the table above, FDA (2013) detected DEP at over 100 ppm
in glitter gel, face and body paint, and lotion.

The EPA exposure factors handbook (2011) estimates that 0.65 grams of colognes and toilet
waters are used per application and applied between 0.56 and 0.85 times per day, on average.
If we estimate that fragrances contain 3,420 ppm DEP and assume an application rate of 0.85
times per day, over the course of a year, a person could contribute 0.7 grams of DEP to their
body, home and environment. If the fragrance contained a higher concentration of DEP, such as
44,000 ppm, 8.9 grams of DEP could be released. Based on the studies discussed above, we
conclude that phthalates are frequently used in fragrances and contribute to the volume of
phthalates found in our bodies, homes, and the environment.

Similarly, the EPA exposure factors handbook (2011) estimates that 10.75 grams of shampoo
are used per day. If the shampoo had 393 ppm DEP and the shampoo was applied daily, about
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1.5 grams of DEP per person would be used yearly. Using the maximum concentration observed
in shampoos (3,530 ppm), almost 14 grams of DEP per person could be used yearly.

Estimated volume used in Washington

We estimate that fragrances are one of the leading contributors of phthalates to
Washington’s environment, and that 17 tons of phthalates are released into Washington’s
environment each year from fragrance use. In 2011, Ecology published the Puget Sound Toxics
Loading Study,®! which estimated the contribution various consumer products and chemicals
make to Puget Sound. Ecology estimated that there were 13 tons of phthalates contained in the
cosmetics and personal care products used yearly in the Puget Sound Region, with 11 tons
coming from fragrances. Fragrances released more phthalates to Puget Sound than the other
consumer product categories considered, and accounted for more than 30% of total phthalate
release (Ecology, 2011b).

Expanding this estimate beyond the Puget Sound region to the entire state, we estimate that 17
tons of phthalates are released from fragrances in personal care products in Washington each
year. Based on the continued use of phthalates in fragrances, we anticipate that fragrances still
contribute a significant volume of phthalates to Washington’s environment.

Potential for exposure to sensitive populations when used

Nearly all people, including infants, children, people of childbearing age, and workers, are
exposed to phthalates. Phthalate exposure is widespread in the U.S., with overburdened
populations—such as women of color, pregnant women, women of childbearing age, and low-
income populations—having higher exposures. CDC notes that over 90% of Americans have
measurable levels of phthalate metabolites (the end-products of the chemical after it goes
through metabolism in the body) in their urine. CDC also reports that women have higher levels
of urinary metabolites than men for phthalates that are associated with personal care and
beauty products (CDC, 2019a).

Between 2010 and 2011, the Washington Environmental Biomonitoring Study analyzed urine
samples from 422 teens and women of childbearing age for phthalate metabolites. MEP, MBP,
MEOHP, MEHHP, MEHP, and MBZP are some of the major metabolites from phthalates used in
fragrances (Table 16). These metabolites were detected in 98% of samples. Washington’s Low
Income Survey and Testing Project analyzed phthalate metabolites in 579 low-income women
of childbearing age and teenagers, and observed higher concentrations of MEP, the major
metabolite from DEP, compared to the general Washington sample (DOH, n.d.).

61 https://fortress.wa.gov/ecy/publications/documents/1103010.pdf
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These findings are particularly relevant for pregnant women and women of childbearing age. A
prospective study of 446 pregnant women found that lower educational attainment and
income were associated with higher concentrations of DBP metabolites in their urine (Polinski
et al., 2018). Similar results were observed in a cohort of 378 pregnant women from Charleston,
South Carolina. MEP, MMP, MBzP, MEHHP, and MEHP were all detected in greater than 90% of
urine samples, with MEP found at the highest concentrations (Wenzel et al., 2018).

Children show similar exposure patterns as women of childbearing age. MEP, MBzP, MEHHP,
MEOP were detected in greater than 96% of samples from children ages 6 — 11 collected
between 2007 and 2012, with MEP detected at the highest concentration (Odebeatu, Taylor,
Flemming, & Osborne, 2019).

These findings demonstrate that exposure to phthalates is widespread and that sensitive
populations often have particularly high exposures.

Sensitive populations can be exposed to phthalates in fragrances. Women of childbearing age,
pregnant women, and children can be exposed to phthalates when applying fragrances.
Phthalates in fragrances can be inhaled, absorbed dermally, ingested, or transferred to house
dust. Although phthalates are not expected to bioaccumulate and are not stored in our bodies
for a long time, we do have repeated daily exposure to them through their presence in
consumer products.

A 2013 analysis of phthalates in personal care products found that “leave on” products, such as
lotions and face creams, delivered higher doses of phthalates than “rinse off” products, like
shampoo. The analysis also found that DEP contributed the largest exposure of the seven
phthalates included in the study (Guo & Kannan, 2013). (While they did not include fragrances
in their study, the results may be applicable to fragrances as they are intended to be “leave-on”
products and frequently contain higher concentrations of DEP than other types of personal care
products.)

This estimation is supported by epidemiological studies of women of childbearing age. Parlett
et al. (2013) found that women’s use of fragrances was associated with an increase in the
concentration of urinary phthalate metabolites. Similarly, Buckley et al. (2012) found that
personal care product use was associated with phthalate metabolites in urine in 50 women age
18 to 38. Perfume and cologne use was associated with higher levels of DEHP metabolites,
while use of haircare products was associated with higher concentrations of DEP metabolites.

This is particularly concerning because women of color have been documented to have higher
phthalate levels from exposure attributable to fragrances in beauty products (Helm, Nishioka,
Brody, Rudel, & Dodson, 2018; Zota & Shamasunder, 2017). Additionally, women who normally
intended to buy fragrance-free products had lower concentrations of DEHP metabolites in their
urine.
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Exposure to phthalates in fragrances is also an occupational concern. A 2017 study of cosmetics
and perfume sales clerks found elevated levels of MEP and MEHP in urine after working shifts
(Huang, Liao, Chang, Chan, & Lee, 2018).

Children and adolescents are exposed to phthalates in fragrances. A community-led
intervention study engaged 100 Latina girls to reduce exposure to phthalates from consumer
products. By using products labeled as “phthalate-free,” they were able to reduce MEP in urine
by over 24% (Harley et al., 2016). This suggests that personal care products could be a
significant source of phthalate exposure for girls. Another study reports that urinary phthalate
metabolites in infants increase when they are exposed to infant care products that can contain
fragrances, such as baby shampoos, baby lotions, and baby powder (Sathyanarayana et al.,
2008).

Potential environmental exposure and exposure to sensitive
species

Phthalates from fragrances contribute to environmental phthalate concentrations. Phthalates
found in fragrances can migrate into various environmental media (Méndez-Diaz, Abel daiem,
Rivera-Utrilla, Sanchez-Polo, & Bautista-Toledo, 2012; Wu, Mahmood, Wu, & Zheng, 2008). In
the Puget Sound area, Commencement Bay and the Lower Duwamish Waterway are EPA
Superfund sites, partially due to phthalate contamination. Because phthalates are not
environmentally persistent, the concentrations observed at these sites are reflective of current
release levels.

In 2010, a remedial investigation into phthalate levels in the Lower Duwamish Waterway found
DEHP in surface sediment, surface water, fish and invertebrates samples and BBP and DMP in
surface sediments (Lower Duwamish Waterway Group, 2010). Information regarding the
concentrations of other phthalates in Washington’s environment can be found in the vinyl
flooring chapter.

In 2011, Ecology published the Puget Sound Toxics Loading Study,®? which estimated the
environmental release of a number of toxic chemicals to the Puget Sound area. This report
concludes that fragrances are the single largest source of releases and account for about one
third (11 out of 34 tons) of total phthalate releases into the Puget Sound Basin. Sources
included in this analysis were personal care products, PVC materials, air emissions, and other
materials. We expanded this calculation from the Puget Sound region only to evaluate
statewide releases, and estimate that 17 tons of phthalates are released into Washington’s
environment from fragrances annually.

62 https://fortress.wa.gov/ecy/publications/documents/1103010.pdf
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Although discharge of phthalates from fragrances is primarily assumed to be through publicly-
owned treatment works via sanitary sewers and septic systems (Ecology, 2011b), there is the
potential for partially-used fragrance containers to be disposed of in landfills. Phthalates are a
major source of leachate contaminants from landfills, and are primarily emitted from consumer
products and building materials (Ramakrishnan et al., 2015). Phthalates found in fragrances
(e.g., DEP, BBP, DEHP) are consistently detected across landfill leachates (Paxeus, 2000).

The degradation of phthalates depends on many factors, including the length of the carbon
chain for each phthalate and the surrounding pH, microbes and nutrients, and temperature
(Huang, Nkrumah, Appiah-Sefah, 2013; Liu et al., 2010). Studies have also found that landfill
leachate contaminated with phthalates can seep into surrounding groundwater (Liu et al.,
2010). Phthalates can escape landfills and enter surrounding environmental media.

Exposure to phthalates in the environment is a concern for sensitive species. As discussed in
the vinyl flooring chapter, phthalates can be problematic for aquatic life. Governor Inslee’s
Southern Resident Orca Task Force, a workgroup developing plans to recover Puget Sound’s
orca population, identified phthalates as chemicals of emerging concern.

Existing regulations

Currently, no federal regulations exist regarding phthalates in personal care and hygiene
products. In the U.S. there are a number of state regulations to limit exposures to phthalate
chemicals. California is attempting to pass the Toxic-Free Cosmetics Act which would
specifically ban phthalates in cosmetics, including fragrances (CA Legislature, 2019; Safer States,
2020a). Find more information about state regulations to limit phthalate exposures in the vinyl
flooring chapter.

Federal laws (including the federal Consumer Product Safety Improvement Act (CPSIA)) focus
on the removal of phthalates from children’s toys (CPSC, 2019a; Safer States, 2020a). EPA is
evaluating five phthalates under the revised Toxic Substances Control Act (TSCA): DBP, BBP,
DEHP, DIBP, and dicyclohexyl phthalate, and slated others for further assessment (EPA, 2019a).
Additionally, manufacturers requested that EPA conduct risk evaluations for DIDP and DINP
under TSCA Section 6. EPA granted both of these manufacturer requests.

The European Chemicals Agency maintains a list of ten phthalates on their Candidate List of
substances of Very High Concern published under the REACH Regulation (European Chemicals
Agency, 2019). Canada banned the use of DEHP in cosmetics and restricted it (as well as DIDP,
DINP, DNOP, DBP, and BBP) in children’s toys and some child care products (Canadian Health
Services, 2019). Two phthalates, dibutyl phthalate (DBP) and bis(2-ethylhexyl) phthalate
(DEHP), are banned in cosmetics sold in the European Union (European Commission, 2019a).
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Availability of safer alternatives

There are a number of solvents and fixatives used in cosmetic fragrances in addition to
phthalates, such as dipropylene glycol and triethyl citrate. Many fragrances are also dissolved in
water and ethanol, though these are not compatible with all compounds. In addition, cosmetics
could be formulated to be fragrance-free to avoid the use of solvents.

Several alternatives have been investigated by NGOs, such as Northwest Green Chemistry
(Northwest Green Chemistry, 2018). Because many phthalate-free personal care products are
on the market, safer alternatives may be available. As part of our Safer Products for

Washington process, we will continue to address the safety and feasibility of these alternatives
in Phase 3.

Publication 20-04-019 99 July 2020



References
3M. (2018a). Scotchgard™ Fabric Protector (Cat. No. 4101, 4106). Safety Data Sheet. Retrieved
from

https://multimedia.3m.com/mws/mediawebserver?mwsld=S5SSSuUn zu8l00xMx 14x2
GOv70k17zHvu9IxtD7SSSSSS--

3M. (2018b). Scotchgard™ Rug & Carpet Protector (Cat. No. 4406-17, 4406-14). Safety Data
Sheet. Retrieved from

https://multimedia.3m.com/mws/mediawebserver?mwsld=SSSSSuUn zu8l00xMYtSm$8
vOv70k17zHvu9IlxtD7SSSSSS--

Abafe, O. A., Chokwe, T. B., Okonkwo, J. O., & Martincigh, B. S. (2017). Alkylphenols and
alkylphenol ethoxylates in dust from homes, offices and computer laboratories:
Implication for personal exposure via inadvertent dust ingestion. Emerging
Contaminants, 3, 127-131. https://doi.org/10.1016/j.emcon.2018.01.001

Abbasi, G., Saini, A., Goosey, E., & Diamond, M. L. (2016). Product screening for sources of
halogenated flame retardants in Canadian house and office dust. Science of the Total
Environment, 545, 299-307. https://doi.org/10.1016/j.scitotenv.2015.12.028

Abdallah, M.A., S. Harrad, and A. Covaci. (2008). Hexabromocyclododecanes and
tetrabromobisphenol-A in indoor air and dust in Birmingham, U.K: implications for
human exposure. Environmental Science & Technology, 42, 6855-61.

Ademollo, N., Ferrara, F., Delise, M., Fabietti, F., & Funari, E. (2008). Nonylphenol and

octylphenol in human breast milk. Environment International, 34, 984—-987.
https://doi.org/10.1016/j.envint.2008.03.001

Afshari, A., Gunnarsen, L., Clausen, P. A., & Hansen, V. (2004). Emission of phthalates from PVC

and other materials. Indoor Air, 14, 120-128. https://doi.org/10.1046/j.1600-
0668.2003.00220.x

Agency for Toxic Substances and Disease Registry (ATSDR). (2012). Toxicological Profile for
Phosphate Ester Flame Retardants.

Agency for Toxic Substances and Disease Registry (ATSDR). (2014). Polychlorinated Biphenyls -
ToxFAQs™. Retrieved from https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=140&tid=26

Agency for Toxic Substances and Disease Registry (ATSDR). (2019). Toxicological Profile for
Polychlorinated Biphenyls (PCBs).

Publication 20-04-019 100

July 2020


https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMx_14x2GOv70k17zHvu9lxtD7SSSSSS--
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMx_14x2GOv70k17zHvu9lxtD7SSSSSS--
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMYtSm8_vOv70k17zHvu9lxtD7SSSSSS--
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMYtSm8_vOv70k17zHvu9lxtD7SSSSSS--
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=140&tid=26

Alberta Health and Wellness. (2008). Alberta Biomonitoring Program: Chemicals in Serum of
Pregnant women in Alberta, Edmonton.

Allen, J. G., McClean, M. D., Stapleton, H. M., & Webster, T. F. (2008). Linking PBDEs in House
Dust to Consumer Products using X-ray Fluorescence. Environmental Science &
Technology, 42, 4222—4228. https://doi.org/10.1021/es702964a

Al-Saleh, 1., & Elkhatib, R. (2016). Screening of phthalate esters in 47 branded perfumes.
Environmental Science and Pollution Research, 23, 455—-468.

Alvarez, D., Perkins, S., Nilsen, E., & Morace, J. (2014). Spatial and temporal trends in occurrence
of emerging and legacy contaminants in the Lower Columbia River 2008-2010. Science of
The Total Environment, 484, 322-330. https://doi.org/10.1016/j.scitotenv.2013.07.128

Ampleman, M. D., Martinez, A., DeWall, J., Rawn, D. F. K., Hornbuckle, K. C., & Thorne, P. S.
(2015). Inhalation and Dietary Exposure to PCBs in Urban and Rural Cohorts via
Congener-Specific Measurements. Environmental Science & Technology, 49, 1156-1164.
https://doi.org/10.1021/es5048039

Andersson, M., Ottesen, R., & Volden, T. (2004). Building materials as a source of PCB pollution
in Bergen, Norway. Science of The Total Environment, 325, 139-144.
https://doi.org/10.1016/j.scitotenv.2003.11.014

Apfelbachter, M., Cioci, M., & Strong, P. (2014). BPA and BPS in Thermal Paper: Results of
Testing in Minnesota Hospitality Industry. Minnesota Pollution Control Agency, (March),
1-11.

Aschberger, K., Munn, S., Olsson, H., Pakalin, S., Pellegrini, G., Vegro, S., & Paya Perez, A. B.
(2008). European Union Risk Assessment Report - BPA (4,4’ — Isopropylidenediphenol
(Bisphenol — A)) Environment Addendum. In European Commission Joint Research
Centre. https://doi.org/10.2788/40195

Ashley-Martin, J., Dodds, L., Levy, A. R, Platt, R. W., Marshall, J. S., & Arbuckle, T. E. (2015).
Prenatal exposure to phthalates, bisphenol A and perfluoroalkyl substances and cord
blood levels of Igk, TSLP and IL-33. Environmental Research, 140, 360—-368.
https://doi.org/10.1016/j.envres.2015.04.010

Bae, S., & Hong, Y.-C. (2015). Exposure to Bisphenol A From Drinking Canned Beverages
Increases Blood Pressure. Hypertension, 65, 313-319.
https://doi.org/10.1161/HYPERTENSIONAHA.114.04261

Publication 20-04-019 101 July 2020



Ballesteros-Gémez, A., Aragén, A., Van den Eede, N., de Boer, J., & Covaci, A. (2016). Impurities
of Resorcinol Bis(diphenyl phosphate) in Plastics and Dust Collected on
Electric/Electronic Material. Environmental Science & Technology, 50, 1934-1940.
https://doi.org/10.1021/acs.est.5b05351

Ballesteros-Gémez, A., de Boer, J., & Leonards, P. E. G. (2014). A Novel Brominated Triazine-
based Flame Retardant (TTBP-TAZ) in Plastic Consumer Products and Indoor Dust.
Environmental Science & Technology, 48, 4468-4474.
https://doi.org/10.1021/es4057032

Beesoon, S., Genuis, S. J., Benskin, J. P., & Martin, J. W. (2012). Exceptionally High Serum
Concentrations of Perfluorohexanesulfonate in a Canadian Family are Linked to Home
Carpet Treatment Applications. Environmental Science & Technology, 46, 12960-12967.
https://doi.org/10.1021/es3034654

Berkeley Center for Green Chemistry. (2016). BPA-free Can Linings Symposium. Retrieved from
https://bcgc.berkeley.edu/bpa-free-can-linings-symposium/

Biedermann, S., Tschudin, P., & Grob, K. (2010). Transfer of bisphenol A from thermal printer
paper to the skin. Analytical and Bioanalytical Chemistry, 398, 571-576.
https://doi.org/10.1007/s00216-010-3936-9

BizNGO. (2014). Preliminary Nonylphenol Ethoxylates (NPE) in All-Purpose Cleaners Alternatives
Assessment. California Department of Toxic Substances Control.

Borg, D., & Ivarsson, J. (2017). Analysis of PFASs and TOF in products. Nordic Council of
Ministers. Retrieved from https://norden.diva-
portal.org/smash/get/diva2:1118439/FULLTEXTO1.pdf

Bowman, J. (2018). Comment on: CA DTSC Safer Consumer Product draft Product-Chemical
Profile for Perfluoroalkyl and Polyfluosoalkyl Substances (PFASs) in carpets and Rugs.
Retrieved from https://calsafer.dtsc.ca.gov/workflows/Comment/11540/?from=search

Brandsma, S. H., de Boer, J., van Velzen, M. J. M., & Leonards, P. E. G. (2014).
Organophosphorus flame retardants (PFRs) and plasticizers in house and car dust and
the influence of electronic equipment. Chemosphere, 116, 3-9.
https://doi.org/10.1016/j.chemosphere.2014.02.036

Bridgepoint Systems. (2019). EncapuGuard Green Post Cleaning Protective Treatment.
Retrieved from https://bridgepoint.com/products.php?item num=CR13GL

Publication 20-04-019 102 July 2020


https://bcgc.berkeley.edu/bpa-free-can-linings-symposium/
https://norden.diva-portal.org/smash/get/diva2:1118439/FULLTEXT01.pdf
https://norden.diva-portal.org/smash/get/diva2:1118439/FULLTEXT01.pdf
https://calsafer.dtsc.ca.gov/workflows/Comment/11540/?from=search
https://bridgepoint.com/products.php?item_num=CR13GL

Brown, F. R., Whitehead, T. P., Park, J.-S., Metayer, C., & Petreas, M. X. (2014). Levels of non-
polybrominated diphenyl ether brominated flame retardants in residential house dust
samples and fire station dust samples in California. Environmental Research, 135, 9-14.
https://doi.org/10.1016/j.envres.2014.08.022

Buckley, J. P., Palmieri, R. T., Matuszewski, J. M., Herring, A. H., Baird, D. D., Hartmann, K. E., &
Hoppin, J. A. (2012). Consumer product exposures associated with urinary phthalate
levels in pregnant women. Journal of Exposure Science & Environmental Epidemiology,
22, 468-475. https://doi.org/10.1038/jes.2012.33

Bureau of Chemical Safety, Food Directorate, & Health Products and Food Branch. (2010).
Survey of Bisphenol A in Soft Drink and Beer Products from Canadian Markets. Health
Canada.

Calafat, A. M., Kuklenyik, Z., Reidy, J. A., Caudill, S. P., Ekong, J., & Needham, L. L. (2005).
Urinary Concentrations of Bisphenol A and 4-Nonylphenol in a Human Reference
Population. Environmental Health Perspectives, 113, 391-395.
https://doi.org/10.1289/ehp.7534

California Legislature. (2019). Bill text AB-495. Retrieved from
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill id=201920200AB495

California Office of Environmental Health Hazard Assessment (OEHHA). (2011). Tris(1,3-
dichloro-2-propyl) phosphate (TDCPP) Listed Effective October 28, 2011 as Known to the
State to Cause Cancer. https://oehha.ca.gov/proposition-65/crnr/tris13-dichloro-2-
propyl-phosphate-tdcpp-listed-effective-october-28-2011-known

California Office of Environmental Health Hazard Assessment (OEHHA). (2016). Issuance of a
Safe Use Determination for Exposure to Professional Installers to Diisononyl Phthalate in
Vinyl Flooring Products. Retrieved from https://oehha.ca.gov/proposition-
65/crnr/issuance-safe-use-determination-exposure-professional-installers-diisononyl

Cao, X.-L., Corriveau, J., & Popovic, S. (2009). Levels of Bisphenol A in Canned Soft Drink
Products in Canadian Markets. Journal of Agricultural and Food Chemistry, 57, 1307—
1311. https://doi.org/10.1021/jf803213g

Cao, X.-L., Perez-Locas, C., Dufresne, G., Clement, G., Popovic, S., Beraldin, F., Dabeka, R. W., &
Feeley, M. (2011). Concentrations of bisphenol A in the composite food samples from
the 2008 Canadian total diet study in Quebec City and dietary intake estimates. Food
Additives & Contaminants: Part A, 28, 791-798.
https://doi.org/10.1080/19440049.2010.513015

Publication 20-04-019 103 July 2020


https://doi.org/10.1016/j.envres.2014.08.022
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB495
https://oehha.ca.gov/proposition-65/crnr/tris13-dichloro-2-propyl-phosphate-tdcpp-listed-effective-october-28-2011-known
https://oehha.ca.gov/proposition-65/crnr/tris13-dichloro-2-propyl-phosphate-tdcpp-listed-effective-october-28-2011-known
https://oehha.ca.gov/proposition-65/crnr/issuance-safe-use-determination-exposure-professional-installers-diisononyl
https://oehha.ca.gov/proposition-65/crnr/issuance-safe-use-determination-exposure-professional-installers-diisononyl

Carignan, C. C.,, Abdallah, M. A.-E., Wu, N., Heiger-Bernays, W., McClean, M. D., Harrad, S., &
Webster, T. F. (2012). Predictors of Tetrabromobisphenol-A (TBBP-A) and
Hexabromocyclododecanes (HBCD) in Milk from Boston Mothers. Environmental Science
& Technology, 46, 12146—-12153.

Carignan, C. C., Heiger-Bernays, W., McClean, M. D., Roberts, S. C., Stapleton, H. M., Sjodin, A.,
& Webster, T. F. (2013). Flame Retardant Exposure among Collegiate United States
Gymnasts. Environmental Science & Technology, 47, 13848-13856.
https://doi.org/10.1021/es4037868

Carignan, C. C., Fang, M., Stapleton, H. M., Heiger-Bernays, W., McClean, M. D., & Webster, T. F.
(2016). Urinary biomarkers of flame retardant exposure among collegiate U.S. gymnasts.
Environment International, 94, 362—-368. https://doi.org/10.1016/j.envint.2016.06.030

Cariou, R., Antignac, J.-P., Zalko, D., Berrebi, A., Cravedi, J.-P., Maume, D., Marchand, P.,
Monteau, F., Riu, A., Andre, F., & Bizec, B. Le. (2008). Exposure assessment of French
women and their newborns to tetrabromobisphenol-A: Occurrence measurements in
maternal adipose tissue, serum, breast milk and cord serum. Chemosphere, 73, 1036—
1041. https://doi.org/10.1016/j.chemosphere.2008.07.084

Carlstedt, F., Jonsson, B. A. G., & Bornehag, C.-G. (2012). PVC flooring is related to human
uptake of phthalates in infants. Indoor Air, 23, 32—-39. https://doi.org/10.1111/j.1600-
0668.2012.00788.x

Carwile, J. L. (2011). Canned Soup Consumption and Urinary Bisphenol A: A Randomized
Crossover Trial. JAMA, 306, 2218. https://doi.org/10.1001/jama.2011.1721

Ceballos, D. M., Broadwater, K., Page, E., Croteau, G., & La Guardia, M. J. (2018). Occupational
exposure to polybrominated diphenyl ethers (PBDEs) and other flame retardant foam
additives at gymnastics studios: Before, during and after the replacement of pit foam
with PBDE-free foams. Environment International, 116, 1-9.
https://doi.org/10.1016/j.envint.2018.03.035

Celino-Brady, F. T., Petro-Sakuma, C. K., Breves, J. P., Lerner, D. T., & Seale, A. P. (2019). Early-
life exposure to 17B-estradiol and 4-nonylphenol impacts the growth hormone/insulin-
like growth-factor system and estrogen receptors in Mozambique tilapia, Oreochromis
mossambicus. Aquatic Toxicology, 105-336.
https://doi.org/10.1016/j.aquatox.2019.105336

Centers for Disease Control (CDC). (2017a). Bioimonitoring Summary - Non-Dioxin-Like
Polychlorinated Biphenyls. Retrieved from https://www.cdc.gov/biomonitoring/NDL-
PCBs BiomonitoringSummary.html

Publication 20-04-019 104 July 2020


https://www.cdc.gov/biomonitoring/NDL-PCBs_BiomonitoringSummary.html
https://www.cdc.gov/biomonitoring/NDL-PCBs_BiomonitoringSummary.html

Centers for Disease Control (CDC). (2017b). Occupational Exposure to Bisphenol A (BPA) in U.S.
Manufacturing Companies. Retrieved from https://blogs.cdc.gov/niosh-science-
blog/2017/01/05/bpa/

Centers for Disease Control (CDC). (2017c). Evaluation of Occupational Exposure to Flame
Retardants at Four Gymnastics Studios. Retrieved from
https://www.cdc.gov/niosh/hhe/reports/pdfs/2014-0131-3268.pdf

Centers for Disease Control (CDC). (2020). Asthma in the United States. Retrieved from
https://www.cdc.gov/vitalsigns/asthma/index.html

Centers for Disease Control (CDC). (2019a). Fourth National Report on Human Exposure to
Environmental Chemicals, Updated Tables, January 2019, Volume One. Atlanta.

Centers for Disease Control (CDC). (2019b). Fourth National Report on Human Exposure to
Environmental Chemicals, Updated Tables, January 2019, Volume Two. Atlanta.

Centers for Disease Control and Prevention (CDC — NHANES). (2015). Fourth National Report on
Human Exposure to Environmental Chemicals, February 2015. Centers for Disease
Control and Prevention, National Health and Nutrition Examination Survey.

Centers for Disease Control and Prevention (CDC — NHANES). (2017a). Fourth National Report
on Human Exposure to Environmental Chemicals - Updated Tables, January 2017.

Centers for Disease Control and Prevention (CDC — NHANES). (2017b). National Biomonitoring
Program - Biomonitoring Summary Perfluorochemicals. Retrieved from
https://www.cdc.gov/biomonitoring/PFAS BiomonitoringSummary.html

Cequier, E., Marcé, R. M., Becher, G., & Thomsen, C. (2015). Comparing human exposure to
emerging and legacy flame retardants from the indoor environment and diet with
concentrations measured in serum. Environment International, 74, 54—59.
https://doi.org/10.1016/j.envint.2014.10.003

Chapter 39.26.280 RCW
Chapter 70.365 RCW

Chapter 70.240 RCW
Chapter 70.280 RCW
Chapter 173-303 WAC

Chapter 173-333 WAC

Publication 20-04-019 105 July 2020


https://blogs.cdc.gov/niosh-science-blog/2017/01/05/bpa/
https://blogs.cdc.gov/niosh-science-blog/2017/01/05/bpa/
https://www.cdc.gov/niosh/hhe/reports/pdfs/2014-0131-3268.pdf
https://www.cdc.gov/vitalsigns/asthma/index.html
https://www.cdc.gov/biomonitoring/PFAS_BiomonitoringSummary.html

ChemcChain. (2017). World Organic Pigment Market and China Market Report. Retrieved from
http://blog.chemchain.com/2017/11/02/world-organic-pigment-market-and-china-
market-report/

ChemicalWatch. (2019a). Switzerland bans the use of BPA and BPS in thermal paper. Retrieved
from https://members.chemicalwatch.com/article?id=77769

ChemicalWatch. (2019b). UK retailers phasing out bisphenol receipts, claims non-profit study.
Retrieved from https://members.chemicalwatch.com/article?id=84307

Chen, D., Kannan, K., Tan, H., Zheng, Z., Feng, Y.-L., Wu, Y., & Widelka, M. (2016). Bisphenol
Analogues Other Than BPA: Environmental Occurrence, Human Exposure, and Toxicity—
A Review. Environmental Science & Technology, 50, 5438-5453.
https://doi.org/10.1021/acs.est.5b05387

Chen, M.-L., Chang, C.-C., Shen, Y.-J., Hung, J.-H., Guo, B.-R., Chuang, H.-Y., & Mao, |.-F. (2008).
Quantification of prenatal exposure and maternal-fetal transfer of nonylphenol.
Chemosphere, 73, S239-S245. https://doi.org/10.1016/j.chemosphere.2007.04.091

Chen, Q., Yang, H., Zhou, N., Sun, L., Bao, H., Tan, L., Cao, J. (2017). Phthalate exposure, even
below U.S. EPA reference doses, was associated with semen quality and reproductive
hormones: Prospective MARHCS study in general population. Environment International,
104, 58-68. https://doi.org/10.1016/j.envint.2017.04.005

Cheng, C.-Y., & Ding, W.-H. (2002). Determination of nonylphenol polyethoxylates in household
detergents by high-performance liquid chromatography. Journal of Chromatography A,
968, 143-150. https://doi.org/10.1016/50021-9673(02)00959-7

Choi, K.-1., Lee, S.-H., & Osako, M. (2009). Leaching of brominated flame retardants from TV
housing plastics in the presence of dissolved humic matter. Chemosphere, 74, 460—-466.
https://doi.org/10.1016/j.chemosphere.2008.08.030

Cioci, M., Apfelbacher, M., Strong, P., & Innes, A. (2015). Reducing use of BPA and BPS Thermal
Receipt Paper in the Hospitality Sector. Minnesota Pollution Control Agency, (March).
Retrieved from www.pca.state.mn.us.

City of Spokane. (2015). PCBs in Municipal Products. City of Spokane Wastewater Management
Department.

Publication 20-04-019 106 July 2020


http://blog.chemchain.com/2017/11/02/world-organic-pigment-market-and-china-market-report/
http://blog.chemchain.com/2017/11/02/world-organic-pigment-market-and-china-market-report/
https://members.chemicalwatch.com/article?id=77769
https://members.chemicalwatch.com/article?id=84307
http://www.pca.state.mn.us/

City of Tacoma. (2017). Thea Foss and Wheeler-Osgood Waterways 2016 Source Control and
Water Year 2016 Stormwater Monitoring Report. Retrieved from
https://cms.cityoftacoma.org/enviro/SurfaceWater/Foss 2018/2018%20Foss%20Source
%20Control%20WY2018%20Stormwater%20Monitoring%20Report%20--
%20without%20appendices.pdf

Clean Air Act of 1963 42 U.S.C. ch. 85, subch. | § 7401 et seq. (1963)
Clean Water Act of 1972 33 U.S.C. §1251 et seq. (1972)
Cleet, C. (2018). Electronics Industry Design Trends and Drivers. Information Technology Council

(IT1). Retrieved from
https://www.doh.wa.gov/Portals/1/Documents/4000/3 ITI WADOH Jan2019(2).pdf

CMLI. (2019). Can Manufacturers Institute 2018-2019 Annual Report. CMI.

Comprehensive Environmental Response, Compensation, and Liability Act of 198042 U.S.C. §
9601 et seq. (1980)

Cooper, E. M., Kroeger, G., Davis, K., Clark, C. R., Ferguson, P. L., & Stapleton, H. M. (2016).
Results from Screening Polyurethane Foam Based Consumer Products for Flame
Retardant Chemicals: Assessing Impacts on the Change in the Furniture Flammability
Standards. Environmental Science & Technology, 50, 10653—10660.
https://doi.org/10.1021/acs.est.6b01602

Corradetti, B., Stronati, A., Tosti, L., Manicardi, G., Carnevali, O., & Bizzaro, D. (2013). Bis-(2-
ethylexhyl) phthalate impairs spermatogenesis in zebrafish (Danio rerio). Reproductive
Biology, 13, 195-202. https://doi.org/10.1016/j.repbio.2013.07.003

Corrales, J., Kristofco, L. A., Steele, W. B., Yates, B. S., Breed, C. S., Williams, E. S., & Brooks, B.
W. (2015). Global Assessment of Bisphenol A in the Environment. Dose-Response, 13.
https://doi.org/10.1177/1559325815598308

Counihan, T.D., I.R. Waite, E.B. Nilsen, J.M. Hardiman, E. Elias, G. Gelfenbaum, and S. D. Z.
(2014). A survey of benthic sediment contaminants in reaches of the Columbia River
Estuary based on channel sedimentation characteristics. Science of the Total
Environment, 484, 331-343.

Covaci, A., Harrad, S., Abdallah, M. A.-E., Ali, N., Law, R. J., Herzke, D., & de Wit, C. A. (2011).
Novel brominated flame retardants: A review of their analysis, environmental fate and
behaviour. Environment International, 37, 532-556.
https://doi.org/10.1016/j.envint.2010.11.007

Publication 20-04-019 107 July 2020


https://cms.cityoftacoma.org/enviro/SurfaceWater/Foss_2018/2018%20Foss%20Source%20Control%20WY2018%20Stormwater%20Monitoring%20Report%20--%20without%20appendices.pdf
https://cms.cityoftacoma.org/enviro/SurfaceWater/Foss_2018/2018%20Foss%20Source%20Control%20WY2018%20Stormwater%20Monitoring%20Report%20--%20without%20appendices.pdf
https://cms.cityoftacoma.org/enviro/SurfaceWater/Foss_2018/2018%20Foss%20Source%20Control%20WY2018%20Stormwater%20Monitoring%20Report%20--%20without%20appendices.pdf
https://www.doh.wa.gov/Portals/1/Documents/4000/3_ITI_WADOH_Jan2019(2).pdf

Cox, C. (2017). Kicking the Can? Major Retailers Still Selling Canned Food with Toxic BPA. Center
for Environmental Health.

Cullon, D. L., Yunker, M. B., Alleyne, C., Dangerfield, N. J., O’Neill, S., Whiticar, M. J., & Ross, P. S.
(2009). Persistent organic pollutants in Chinook Salmon (Oncorhynchus tshawytscha):
Implications for resident killer whales of British Columbia and adjacent waters.
Environmental Toxicology and Chemistry, 28, 148—161. https://doi.org/10.1897/08-
125.1

Dallaire, R., Ayotte, P., Pereg, D., Déry, S., Dumas, P., Langlois, E., & Dewailly, E. (2009).
Determinants of Plasma Concentrations of Perfluorooctanesulfonate and Brominated
Organic Compounds in Nunavik Inuit Adults (Canada). Environmental Science &
Technology, 43, 5130-5136. https://doi.org/10.1021/es9001604

Danish Environmental Protection Agency (DEPA) (2015a). Polyfluoroalkyl substances (PFASs) in
textiles for children Survey of chemical substances in consumer products. No. 136.
Retrieved from https://doi.org/https://www2.mst.dk/Udgiv/publications/2015/04/978-
87-93352-12-4.pdf

Danish Environmental Protection Agency (DEPA) (2015b). Alternatives to perfluoroalkyl and
polyfluoroalkyl substances (PFAS) in textiles. No. 137. Retrieved from
https://www2.mst.dk/Udgiv/publications/2015/05/978-87-93352-16-2.pdf

Danish Ministry of the Environment (DEPA). (2013). Survey of PFOS, PFOA and other
perfluoroalkyl and polyfluoroalkyl substances. Retrieved from
https://www2.mst.dk/Udgiv/publications/2013/04/978-87-93026-03-2.pdf

de la Torre, A., Navarro, ., Sanz, P., & Martinez, M. de los A. (2019). Occurrence and human
exposure assessment of perfluorinated substances in house dust from three European
countries. Science of The Total Environment, 685, 308-314.
https://doi.org/10.1016/j.scitotenv.2019.05.463

de Wit, C. A, Herzke, D., & Vorkamp, K. (2010). Brominated flame retardants in the Arctic
environment — trends and new candidates. Science of The Total Environment, 408,
2885-2918. https://doi.org/10.1016/j.scitotenv.2009.08.037

Deceuninck, Y., Bichon, E., Gény, T., Veyrand, B., Grandin, F., Viguié, C., Marchand, P., & Le
Bizec, B. (2019). Quantitative method for conjugated metabolites of bisphenol A and
bisphenol S determination in food of animal origin by Ultra High Performance Liquid
Chromatography—Tandem Mass Spectrometry. Journal of Chromatography A, 1601,
232-242. https://doi.org/10.1016/j.chroma.2019.05.001

Publication 20-04-019 108 July 2020


https://doi.org/https:/www2.mst.dk/Udgiv/publications/2015/04/978-87-93352-12-4.pdf
https://doi.org/https:/www2.mst.dk/Udgiv/publications/2015/04/978-87-93352-12-4.pdf
https://www2.mst.dk/Udgiv/publications/2015/05/978-87-93352-16-2.pdf
https://www2.mst.dk/Udgiv/publications/2013/04/978-87-93026-03-2.pdf

Department of Toxic Substances Control (DTSC) (2016). Work Plan Implementation:
Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs) in Carpets, Rugs, Indoor
Upholstered Furniture, and their Care and Treatment Products. Retrieved from
https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Background-Document-on-

PFASs.pdf

Department of Toxic Substances Control (DTSC). (2018a). Product — Chemical Profile for
Perfluoroalkyl and Polyfluoroalkyl Substances (PFASs) in Carpets and Rugs - Discussion
Draft. Retrieved from https://dtsc.ca.gov/wp-
content/uploads/sites/31/2018/10/Product-Chemical-Profile-PFAS-Carpets-and-

Rugs.pdf

Department of Toxic Substances Control (DTSC). (2018b). Product-Chemical Profile for
Nonylphenol Ethoxylates in Laundry Detergents. Retrieved from
https://www.dtsc.ca.gov/SCP/upload/Internal Profile for-NPEs Laundry Detergent.pdf

Department of Toxic Substances Control (DTSC). (2018c). Three Year Priority Product Work Plan
2018-2020. California Department of Toxic Substances Control.

Department of Toxic Substances Control (DTSC). (2019a). Product — Chemical Profile for
Treatments Containing Perfluoroalkyl or Polyfluoroalkyl Substances for Use on
Converted Textiles or Leathers. Retrieved from https://dtsc.ca.gov/wp-
content/uploads/sites/31/2019/11/Product-Chemical-Profile-for-Treatments-with-

PFASs.pdf

Department of Toxic Substances Control (DTSC). (2019b). Safer Products. Retrieved from
https://dtsc.ca.gov/scp/safer-consumer-products-program-overview/

Department of Toxic Substances Control (DTSC). (2019c). Work Plan Implementation: Bisphenol
A and its Alternatives in Food Packaging.

Dembsey, N. A., Brokaw, F. M., Stapleton, H. M., Dodson, R. E., Onasch, J., Jazan, E., & Carignan,
C. C. (2019). Intervention to reduce gymnast exposure to flame retardants from pit
foam: A case study. Environment International, 127, 868—-875.
https://doi.org/10.1016/j.envint.2019.01.084

Dodson, R. E., Perovich, L. J., Covaci, A., Van den Eede, N., lonas, A. C., Dirtu, A. C., Brody, J. G.,
& Rudel, R. A. (2012). After the PBDE Phase-Out: A Broad Suite of Flame Retardants in
Repeat House Dust Samples from California. Environmental Science & Technology, 46,
13056-13066. https://doi.org/10.1021/es303879n

Publication 20-04-019 109 July 2020


https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Background-Document-on-PFASs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Background-Document-on-PFASs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Product-Chemical-Profile-PFAS-Carpets-and-Rugs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Product-Chemical-Profile-PFAS-Carpets-and-Rugs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Product-Chemical-Profile-PFAS-Carpets-and-Rugs.pdf
https://www.dtsc.ca.gov/SCP/upload/Internal_Profile_for-NPEs_Laundry_Detergent.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2019/11/Product-Chemical-Profile-for-Treatments-with-PFASs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2019/11/Product-Chemical-Profile-for-Treatments-with-PFASs.pdf
https://dtsc.ca.gov/wp-content/uploads/sites/31/2019/11/Product-Chemical-Profile-for-Treatments-with-PFASs.pdf
https://dtsc.ca.gov/scp/safer-consumer-products-program-overview/

Dong, R., Zhou, T., Zhao, S., Zhang, H., Zhang, M., Chen, J., Wang, M., Wu, M., Li, S., & Chen, B.
(2017). Food consumption survey of Shanghai adults in 2012 and its associations with
phthalate metabolites in urine. Environment International, 101, 80—-88.
https://doi.org/10.1016/j.envint.2017.01.008

Eckardt, M., & Simat, T. J. (2017). Bisphenol A and alternatives in thermal paper receipts - a
German market analysis from 2015 to 2017. Chemosphere, 186, 1016—1025.
https://doi.org/10.1016/J.CHEMOSPHERE.2017.08.037

Environment Canada, & Health Canada. (2001). Priority Substances List Assessment Report for
Nonylphenol and its Ethoxylates.

Environmental Working Group. (2007). Bisphenol A - Toxic Plastics Chemical in Canned Food |
EWG.

Environmental Working Group. (2015). The canned food landscape | BPA in Canned Food. EWG.

Errico, S., Bianco, M., Mita, L., Migliaccio, M., Rossi, S., Nicolucci, C., Menale, C., Portaccio, M.,
Gallo, P., Mita, D. G., & Diano, N. (2014). Migration of bisphenol A into canned tomatoes
produced in Italy: Dependence on temperature and storage conditions. Food Chemistry,
160, 157-164. https://doi.org/10.1016/j.foodchem.2014.03.085

European Chemicals Agency (ECHA). (2012). Annex XVII to REACH — Conditions of restriction for
nonylphenol and nonylphenol ethoxylates. European Chemicals Agency, 46, 8-9.
Retrieved from https://echa.europa.eu/documents/10162/b91a8a69-f38e-4a35-ab7d-
€475e5926988

European Chemicals Agency (ECHA). (2013). Support Document for Identification of 4-
Nonylphenol, Branched and Linear, Ethoxylated as Substances of Very High Concern.
European Chemicals Agency, 1-54.

European Chemicals Agency (ECHA). (2014a). Annex XV Restriction Report Proposal For A
Restriction Substance Name(s): 4.4’-isopropylidenediphenol (bisphenol A; BPA).

European Chemicals Agency (ECHA). (2014b). Committee for Risk Assessment (RAC):
Restrictions on NP and NPEs. European Chemicals Agency. Retrieved from
https://echa.europa.eu/documents/10162/8bdb40dc-1367-480e-8d81-b5d308bc5f81

European Chemicals Agency (ECHA). (2016). Annex XVII to Reach-Conditions of Restriction-BPA.
European Chemicals Agency.

Publication 20-04-019 110 July 2020


https://echa.europa.eu/documents/10162/b91a8a69-f38e-4a35-ab7d-e475e5926988
https://echa.europa.eu/documents/10162/b91a8a69-f38e-4a35-ab7d-e475e5926988
https://echa.europa.eu/documents/10162/8bdb40dc-1367-480e-8d81-b5d308bc5f81

European Chemicals Agency (ECHA). (2019). Candidate List of substances of very high concern
for Authorisation. Retrieved from https://echa.europa.eu/candidate-list-table

European Commission. (2002). 4-Nonylphenol (Branched) and Nonylphenol Risk Assessment
Report. European Commission Joint Research Centre, 1-32.

European Commission. (2019a). CosIng: European Commission database for cosmetics
regulations. Retrieved from https://ec.europa.eu/growth/tools-databases/cosing/

European Commission. (2019b). New rules make household appliances more sustainable.
Retrieved from https://ec.europa.eu/commission/presscorner/detail/en/ip 19 5895

European Food Safety Authority (EFSA). (2013). Food is main source of BPA for consumers,
thermal paper also potentially significant. Retrieved from
https://www.efsa.europa.eu/en/press/news/130725

European Food Safety Authority (EFSA). (2015). Scientific Opinion on the risks to public health
related to the presence of bisphenol A (BPA) in foodstuffs. EFSA Journal, 13, 39-78.
https://doi.org/10.2903/j.efsa.2015.3978

European Parliament, & Council of the European Union. (2003). Directive 2003/11/EC of the
European Parliament and of the Council (p. 45—-46). Official Journal L 042. Retrieved
from https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32003L0011

European Union (EU). (2019). Official Journal of the European Union: L315. Retrieved from
https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=0J:L:2019:315:FULL&from=EN

Ferrara, F., Ademollo, N., Orru, M. A,, Silvestroni, L., & Funari, E. (2011). Alkylphenols in adipose
tissues of Italian population. Chemosphere, 82, 1044-1049.
https://doi.org/10.1016/j.chemosphere.2010.10.064

Floor Covering Weekly. (2017). Statistical Report 2016.

Food and Drug Administration (FDA). (2013). Phthalates. Retrieved from
https://www.fda.gov/cosmetics/cosmetic-ingredients/phthalates

Food and Drug Administration (FDA). (2014). Bisphenol A (BPA): Use in Food Contact
Application. Retrieved from https://www.fda.gov/food/food-additives-
petitions/bisphenol-bpa-use-food-contact-application

Publication 20-04-019 111 July 2020


https://echa.europa.eu/candidate-list-table
https://ec.europa.eu/growth/tools-databases/cosing/
https://ec.europa.eu/commission/presscorner/detail/en/ip_19_5895
https://www.efsa.europa.eu/en/press/news/130725
https://doi.org/10.2903/j.efsa.2015.3978
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32003L0011
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L:2019:315:FULL&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L:2019:315:FULL&from=EN
https://www.fda.gov/cosmetics/cosmetic-ingredients/phthalates
https://www.fda.gov/food/food-additives-petitions/bisphenol-bpa-use-food-contact-application
https://www.fda.gov/food/food-additives-petitions/bisphenol-bpa-use-food-contact-application

Fraser, A. J., Webster, T. F., Watkins, D. J., Nelson, J. W,, Stapleton, H. M., Calafat, A. M., Kato,
K., Shoeib, M., Vieira, V. M., & McClean, M. D. (2012). Polyfluorinated Compounds in
Serum Linked to Indoor Air in Office Environments. Environmental Science &
Technology, 46, 1209-1215. https://doi.org/10.1021/es2038257

Fraser, A. J., Webster, T. F., Watkins, D. J., Strynar, M. J,, Kato, K., Calafat, A. M., Vieira, V. M., &
McClean, M. D. (2013). Polyfluorinated compounds in dust from homes, offices, and
vehicles as predictors of concentrations in office workers’ serum. Environment
International, 60, 128-136.

Freedonia Group. (2017). Paint & Coatings: U.S. Market Forecasts. Retrieved from
https://www.freedoniagroup.com/industry-study/paint-coatings-us-market-forecasts-
3500.htm

Fromme, H., Lahrz, T., Kraft, M., Fembacher, L., Mach, C., Dietrich, S., Burkardt, R., Volkel, W., &
Goen, T. (2014). Organophosphate flame retardants and plasticizers in the air and dust
in German daycare centers and human biomonitoring in visiting children (LUPE 3).
Environment International, 71, 158-163. https://doi.org/10.1016/j.envint.2014.06.016

Gallen, C., Banks, A., Brandsma, S., Baduel, C., Thai, P., Eaglesham, G., Heffernan, A., Leonards,
P., Bainton, P., & Mueller, J. F. (2014). Towards development of a rapid and effective
non-destructive testing strategy to identify brominated flame retardants in the plastics
of consumer products. Science of The Total Environment, 491, 255-265.

Garland C.Norris Company. (2005). Lighthouse Powdered Laundry Detergent-Safety Data Sheet.
Bob Barker-America’s Leading Detention Supplier, 1-8.

Geens, T., Goeyens, L., Kannan, K., Neels, H., & Covaci, A. (2012). Levels of bisphenol-A in
thermal paper receipts from Belgium and estimation of human exposure. Science of The
Total Environment, 435—-436, 30-33. https://doi.org/10.1016/j.scitotenv.2012.07.001

Geller, S., & Lunder, S. (2015). BPA in Canned Food: Behind the Brand Curtain. Retrieved from
https://static.ewg.org/reports/2015/bpa in canned food/BPA-in-canned-
food.pdf? ga=2.39837923.1500334069.1585248804-586280993.1585248804

George, R. D, In, C. R, Johnson, R. K., Kurtz, C. A,, Seligman, P. F., Gauthier, R. D., & Wild, W. J.
(2006). Investigation of PCB Release Rates from Selected Shipboard Solid Materials
Under Laboratory-Simulated Shallow Ocean (Artificial Reef) Environments (No. SSC-TR-
1936). Space and Naval Warefare Systems Center.

Gerona, R., vom Saal, F. S., & Hunt, P. A. (2019). BPA: have flawed analytical techniques
compromised risk assessments? Lancet Diabetes & Endocrinology.
https://doi.org/10.1016/52213-8587(19)30381-X

Publication 20-04-019 112 July 2020


https://www.freedoniagroup.com/industry-study/paint-coatings-us-market-forecasts-3500.htm
https://www.freedoniagroup.com/industry-study/paint-coatings-us-market-forecasts-3500.htm
https://static.ewg.org/reports/2015/bpa_in_canned_food/BPA-in-canned-food.pdf?_ga=2.39837923.1500334069.1585248804-586280993.1585248804
https://static.ewg.org/reports/2015/bpa_in_canned_food/BPA-in-canned-food.pdf?_ga=2.39837923.1500334069.1585248804-586280993.1585248804

Geueke, B. (2016). Dossier — Can coatings. Food Packaging Forum, (December), 1-10.
https://doi.org/10.4067/50250-71612013000200001

Gewurtz, S. B., Bhavsar, S. P., Crozier, P. W., Diamond, M. L., Helm, P. A., Marvin, C. H., &
Reiner, E. J. (2009). Perfluoroalkyl Contaminants in Window Film: Indoor/Outdoor,
Urban/Rural, and Winter/Summer Contamination and Assessment of Carpet as a
Possible Source. Environmental Science & Technology, 43, 7317-7323.
https://doi.org/10.1021/es9002718

Goodson, A., Robin, H., Summerfield, W., & Cooper, |. (2004). Migration of bisphenol A from
can coatings—effects of damage, storage conditions and heating. Food Additives and
Contaminants, 21, 1015-1026. https://doi.org/10.1080/02652030400011387

Gottschall, N., Topp, E., Edwards, M., Payne, M., Kleywegt, S., & Lapen, D. R. (2017).
Brominated flame retardants and perfluoroalkyl acids in groundwater, tile drainage, soil,
and crop grain following a high application of municipal biosolids to a field. Science of
The Total Environment, 574, 1345-1359.
https://doi.org/10.1016/J.SCITOTENV.2016.08.044

Govtrack. (2019). Bills and Resolutions. Retrieved from https://www.govtrack.us/congress/bills/

Guenther, K., Heinke, V., Thiele, B., Kleist, E., Prast, H., & Raecker, T. (2002). Endocrine
Disrupting Nonylphenols Are Ubiquitous in Food. Environmental Science & Technology,
36, 1676-1680. https://doi.org/10.1021/es010199v

Guo, J., Capozzi, S. L., Kraeutler, T. M., & Rodenburg, L. A. (2014). Global Distribution and Local
Impacts of Inadvertently Generated Polychlorinated Biphenyls in Pigments.
Environmental Science & Technology, 48, 8573—8580.
https://doi.org/10.1021/es502291b

Guo, J., Suubbings, W., Romanak, K., Nguyen, L., JanTunen, L., Melymuk, L., Arrandale, V.,
Diamond, M., Venier, M. (2018). Alternative Flame Retardant, 2,4,6-Tris(2,4,6-
tribromophenoxy)-1,3,5-triazine, in an E-waste Recycling Facility and House Dust in
North America. Environmental Science & Technology, 52, 3599-3607.
https://doi.org/10.1021/acs.est.7b06139

Guo, Y., & Kannan, K. (2013). A Survey of Phthalates and Parabens in Personal Care Products
from the United States and Its Implications for Human Exposure. Environmental Science
& Technology, 47, 14442-14449. https://doi.org/10.1021/es4042034

Hamid, H., Li, L. Y., & Grace, J. R. (2018). Review of the fate and transformation of per- and

polyfluoroalkyl substances (PFASs) in landfills. Environmental Pollution, 235, 74—84.
https://doi.org/10.1016/j.envpol.2017.12.030

Publication 20-04-019 113 July 2020


https://www.govtrack.us/congress/bills/

Hammel, S. C., Levasseur, J. L., Hoffman, K., Phillips, A. L., Lorenzo, A. M., Calafat, A. M.,
Webster, T. F., & Stapleton, H. M. (2019). Children’s exposure to phthalates and non-
phthalate plasticizers in the home: The TESIE study. Environment International, 132,
105061. https://doi.org/10.1016/j.envint.2019.105061

Harley, K. G., Kogut, K., Madrigal, D. S., Cardenas, M., Vera, I. A., Meza-Alfaro, G., Parra, K. L.
(2016). Reducing Phthalate, Paraben, and Phenol Exposure from Personal Care Products
in Adolescent Girls: Findings from the HERMOSA Intervention Study. Environmental
Health Perspectives, 124, 1600-1607. https://doi.org/10.1289/ehp.1510514

Harrad, S., Abdallah, M. A.-E., & Covaci, A. (2009). Causes of variability in concentrations and
diastereomer patterns of hexabromocyclododecanes in indoor dust. Environment
International, 35, 573-579. https://doi.org/10.1016/j.envint.2008.10.005

Harrad, S., Ibarra, C., Robson, M., Melymuk, L., Zhang, X., Diamond, M., & Douwes, J. (2009).
Polychlorinated biphenyls in domestic dust from Canada, New Zealand, United Kingdom
and United States: Implications for human exposure. Chemosphere, 76, 232—-238.
https://doi.org/10.1016/j.chemosphere.2009.03.020

Harris, M. H., Rifas-Shiman, S. L., Calafat, A. M., Ye, X., Mora, A. M., Webster, T. F., Oken, E., &
Sagiv, S. K. (2017). Predictors of Per- and Polyfluoroalkyl Substance (PFAS) Plasma
Concentrations in 6—10 Year Old American Children. Environmental Science &
Technology, 51, 5193-5204. https://doi.org/10.1021/acs.est.6b05811

Hartle, J. C., Navas-Acien, A., & Lawrence, R. S. (2016). The consumption of canned food and
beverages and urinary Bisphenol A concentrations in NHANES 2003-2008.
Environmental Research, 150, 375—-382. https://doi.org/10.1016/j.envres.2016.06.008

Healthier Hospitals (2016). List of Furniture and Materials that Meet the HH Healthy Interiors
Goal. Retrieved from http://healthierhospitals.org/hhi-challenges/safer-chemicals/list-
furniture-and-materials-meet-hh-healthy-interiors-goal

Hehn, R. S. (2016). NHANES Data Support Link between Handling of Thermal Paper Receipts and
Increased Urinary Bisphenol A Excretion. Environmental Science & Technology, 50, 397—
404. https://doi.org/10.1021/acs.est.5b04059

Heine, L., & Trebilcock, C. (2018). Inadvertent PCBs in Pigments: Market Innovation for a
Circular Economy. Northwest Green Chemistry.

Helm, J. S., Nishioka, M., Brody, J. G., Rudel, R. A., & Dodson, R. E. (2018). Measurement of
endocrine disrupting and asthma-associated chemicals in hair products used by Black
women. Environmental Research, 165, 448—458.
https://doi.org/10.1016/j.envres.2018.03.030

Publication 20-04-019 114 July 2020


http://healthierhospitals.org/hhi-challenges/safer-chemicals/list-furniture-and-materials-meet-hh-healthy-interiors-goal
http://healthierhospitals.org/hhi-challenges/safer-chemicals/list-furniture-and-materials-meet-hh-healthy-interiors-goal

Herzke, D., Olsson, E., & Posner, S. (2012). Perfluoroalkyl and polyfluoroalkyl substances (PFASs)
in consumer products in Norway — A pilot study. Chemosphere, 88, 980-987.
https://doi.org/10.1016/j.chemosphere.2012.03.035

Hickie, B. E., Ross, P. S., Macdonald, R. W., & Ford, J. K. B. (2007). Killer whales (Orcinus orca)
face protracted health risks associated with lifetime exposure to PCBs. Environmental
Science and Technology, 41, 6613—-6619. https://doi.org/10.1021/es0702519

Hines, C. J., Jackson, M. V., Deddens, J. A,, Clark, J. C., Ye, X., Christianson, A. L., Meadows, J. W,,
& Calafat, A. M. (2017). Urinary Bisphenol A (BPA) Concentrations among Workers in
Industries that Manufacture and Use BPA in the USA. Annals of Work Exposures and
Health, 61, 164—182. https://doi.org/10.1093/annweh/wxw021

Hogberg, J, et al. (2008). Phthalate Diesters and Their Metabolites in Human Breast Milk, Blood
or Serum, and Urine as Biomarkers of Exposure in Vulnerable Populations.
Environmental Health Perspectives, 116, 334—339. https://doi.org/10.1289/ehp.10788

Hoéhne, C., & Pittmann, W. (2008). Occurrence and temporal variations of the xenoestrogens
bisphenol A, 4-tert-octylphenol, and tech. 4-nonylphenol in two German wastewater
treatment plants. Environmental Science and Pollution Research, 15, 405-416.
https://doi.org/10.1007/s11356-008-0007-2

Hormann, A. M., vom Saal, F. S., Nagel, S. C., Stahlhut, R. W., Moyer, C. L., Ellersieck, M. R.,
Welshons, W. V., Toutain, P.-L., & Taylor, J. A. (2014). Holding Thermal Receipt Paper
and Eating Food after Using Hand Sanitizer Results in High Serum Bioactive and Urine
Total Levels of Bisphenol A (BPA). PLOS ONE, 9, 110-509.
https://doi.org/10.1371/journal.pone.0110509

Hu, D., & Hornbuckle, K. C. (2010). Inadvertent Polychlorinated Biphenyls in Commercial Paint
Pigments t. Environmental Science & Technology, 44, 2822—-2827.
https://doi.org/10.1021/es902413k

Hu, Y., Zhu, Q. Yan, X, Liao, C., & Jiang, G. (2019). Occurrence, fate and risk assessment of BPA
and its substituents in wastewater treatment plant: A review. Environmental Research,
178, 108-732. https://doi.org/10.1016/j.envres.2019.108732

Huang, J., Nkrumah, P., Li, Y., & Appiah-Sefah, G. (2013). Chemical Behavior of Phthalates Under
Abiotic Conditions in Landfills. Reviews of Environmental Contamination and Toxicology,
224, 39-52.

Huang, P.-C,, Liao, K.-W., Chang, J.-W., Chan, S.-H., & Lee, C.-C. (2018). Characterization of

phthalates exposure and risk for cosmetics and perfume sales clerks. Environmental
Pollution, 233, 577-587. https://doi.org/10.1016/j.envpol.2017.10.079

Publication 20-04-019 115 July 2020



Huang, Y.-F., Wang, P.-W., Huang, L.-W,, Yang, W., Yu, C.-J,, Yang, S.-H., Chiu, H.-H., & Chen, M.-
L. (2014). Nonylphenol in pregnant women and their matching fetuses: Placental
transfer and potential risks of infants. Environmental Research, 134, 143-148.
https://doi.org/10.1016/j.envres.2014.07.004

IKEA (2016). Highly Fluorinated Chemicals. Retrieved from
https://www.ikea.com/ms/en US/pdf/reports-
downloads/product safety/IKEA FAQ highly fluorinated chemicals.pdf

Inoue, K., Kawaguchi, M., Okada, F., Takai, N., Yoshimura, Y., Horie, M., Izumi, S., Makino, T., &
Nakazawa, H. (2003). Measurement of 4-nonylphenol and 4-tert-octylphenol in human
urine by column-switching liquid chromatography—mass spectrometry. Analytica
Chimica Acta, 486, 41-50. https://doi.org/10.1016/S0003-2670(03)00464-1

Interface. (2019). Stain Resistance. Retrieved from https://www.interface.com/US/en-
US/sustainability/product-transparency/Stain-Resistance-PFAS-en US

Interstate Technology Regulatory Council (ITRC). (2018). Regulations, Guidance, and Advisories
for Per- and Polyfluoroalkyl Substances (PFAS). Retrieved from https://pfas-
1.itrcweb.org/wp-content/uploads/2018/01/pfas fact sheet regulations 1 4 18.pdf

Jahnke, J. C., & Hornbuckle, K. C. (2019). PCB Emissions from Paint Colorants. Environmental
Science and Technology, 53, 5187-5194. https://doi.org/10.1021/acs.est.9b01087

Jakobsson, K., Thuresson, K., Rylander, L., Sjodin, A., Hagmar, L., & Bergman, A. (2002).
Exposure to polybrominated diphenyl ethers and tetrabromobisphenol A among
computer technicians. Chemosphere, 46, 709-716. https://doi.org/10.1016/S0045-
6535(01)00235-1

Janousek, R. M., Lebertz, S., & Knepper, T. P. (2019). Previously unidentified sources of
perfluoroalkyl and polyfluoroalkyl substances from building materials and industrial
fabrics. Environmental Science: Processes & Impacts, 21, 1936—1945.
https://doi.org/10.1039/C9EM00091G

Jartun, M., Ottesen, R. T., Steinnes, E., & Volden, T. (2009). Painted surfaces — Important
sources of polychlorinated biphenyls (PCBs) contamination to the urban and marine
environment. Environmental Pollution, 157, 295-302.
https://doi.org/10.1016/j.envpol.2008.06.036

Jartun, M., Ottesen, R. T., Volden, T., & Lundkvist, Q. (2009). Local Sources of Polychlorinated
Biphenyls (PCB) in Russian and Norwegian Settlements on Spitsbergen Island, Norway.
Journal of Toxicology and Environmental Health, Part A, 72, 284-294.
https://doi.org/10.1080/15287390802539426

Publication 20-04-019 116 July 2020


https://www.ikea.com/ms/en_US/pdf/reports-downloads/product_safety/IKEA_FAQ_highly_fluorinated_chemicals.pdf
https://www.ikea.com/ms/en_US/pdf/reports-downloads/product_safety/IKEA_FAQ_highly_fluorinated_chemicals.pdf
https://www.interface.com/US/en-US/sustainability/product-transparency/Stain-Resistance-PFAS-en_US
https://www.interface.com/US/en-US/sustainability/product-transparency/Stain-Resistance-PFAS-en_US
https://pfas-1.itrcweb.org/wp-content/uploads/2018/01/pfas_fact_sheet_regulations__1_4_18.pdf
https://pfas-1.itrcweb.org/wp-content/uploads/2018/01/pfas_fact_sheet_regulations__1_4_18.pdf

Jinhui, L., Yuan, C., & Wenjing, X. (2017). Polybrominated diphenyl ethers in articles: a review of
its applications and legislation. Environmental Science and Pollution Research, 24, 4312—
4321. https://doi.org/10.1007/s11356-015-4515-6

Johnson, P. |, Stapleton, H. M., Mukherjee, B., Hauser, R., & Meeker, J. D. (2013). Associations
between brominated flame retardants in house dust and hormone levels in men.
Science of The Total Environment, 445—-446, 177-184.
https://doi.org/10.1016/].scitotenv.2012.12.017

Johnson-Restrepo, B., Adams, D. H., & Kannan, K. (2008). Tetrabromobisphenol A (TBBPA) and
hexabromocyclododecanes (HBCDs) in tissues of humans, dolphins, and sharks from the
United States. Chemosphere, 70, 1935-1944,

Jones, A. (2018). Correctional Control 2018: Incarceration and supervision by state. Prison
Policy Initiative. Retrieved from
https://www.prisonpolicy.org/reports/correctionalcontrol2018.html

Jonker, W., Ballesteros-Gémez, A., Hamers, T., Somsen, G. W., Lamoree, M. H., & Kool, J.
(2016). Highly Selective Screening of Estrogenic Compounds in Consumer-Electronics
Plastics by Liquid Chromatography in Parallel Combined with Nanofractionation-
Bioactivity Detection and Mass Spectrometry. Environmental Science & Technology, 50,
12385-12393. https://doi.org/10.1021/acs.est.6b03762

Just, A. C., Miller, R. L., Perzanowski, M. S., Rundle, A. G., Chen, Q., Jung, K. H., Hoepner, L.,
Camann, D. E., Calafat, A. M., Perera, F. P., & Whyatt, R. M. (2015). Vinyl flooring in the
home is associated with children’s airborne butylbenzyl phthalate and urinary
metabolite concentrations. Journal of Exposure Science & Environmental Epidemiology,
25, 574-579. https://doi.org/10.1038/jes.2015.4

Kalmykova, Y., Bjorklund, K., Stromvall, A.-M., & Blom, L. (2013). Partitioning of polycyclic
aromatic hydrocarbons, alkylphenols, bisphenol A and phthalates in landfill leachates
and stormwater. Water Research, 47, 1317-1328.
https://doi.org/10.1016/j.watres.2012.11.054

Kang, H., Choi, K., Lee, H.-S., Kim, D.-H., Park, N.-Y., Kim, S., & Kho, Y. (2016). Elevated levels of
short carbon-chain PFCAs in breast milk among Korean women: Current status and
potential challenges. Environmental Research, 148, 351-359.
https://doi.org/10.1016/j.envres.2016.04.017

Kang, J. H., Aasi, D., & Katayama, Y. (2007). Bisphenol A in the aquatic environment and its
endocrine-disruptive effects on aquatic organisms. Critical Reviews in Toxicology, 37,
607-625. https://doi.org/10.1080/10408440701493103

Publication 20-04-019 117 July 2020


https://www.prisonpolicy.org/reports/correctionalcontrol2018.html

Karaskova, P., Venier, M., Melymuk, L., Be¢anova, J., Vojta, S., Prokes, R., Diamond, M. L., &
Klanova, J. (2016). Perfluorinated alkyl substances (PFASs) in household dust in Central
Europe and North America. Environment International, 94, 315-324.
https://doi.org/10.1016/j.envint.2016.05.031

Kawaguchi, M., Inoue, K., Sakui, N., Ito, R., Izumi, S., Makino, T., Okanouchi, N., & Nakazawa, H.
(2004). Stir bar sorptive extraction and thermal desorption—gas chromatography—mass
spectrometry for the measurement of 4-nonylphenol and 4-tert-octylphenol in human
biological samples. Journal of Chromatography B, 799, 119-125.
https://doi.org/10.1016/j.jchromb.2003.10.021

Keil, R., Salemme, K., Forrest, B., Neibauer, J., & Logsdon, M. (2011). Differential presence of
anthropogenic compounds dissolved in the marine waters of Puget Sound, WA and
Barkley Sound, BC. Marine Pollution Bulletin, 62, 2404-2411.
https://doi.org/10.1016/j.marpolbul.2011.08.029

Kicinski, M., Viaene, M. K., Den Hond, E., Schoeters, G., Covaci, A., Dirtu, A. C., Nawrot, T. S.
(2012). Neurobehavioral function and low-level exposure to brominated flame
retardants in adolescents: a cross-sectional study. Environmental Health, 11, 86.
https://doi.org/10.1186/1476-069X-11-86

Kim, U.-J., & Oh, J.-E. (2014). Tetrabromobisphenol A and hexabromocyclododecane flame
retardants in infant—-mother paired serum samples, and their relationships with thyroid
hormones and environmental factors. Environmental Pollution, 184, 193—-200.
https://doi.org/10.1016/j.envpol.2013.08.034

Kim, Y.-J., Osako, M., & Sakai, S. (2006). Leaching characteristics of polybrominated diphenyl
ethers (PBDEs) from flame-retardant plastics. Chemosphere, 65, 506-513.
https://doi.org/10.1016/j.chemosphere.2006.01.019

King County. (2007). Survey of Endocrine Disruptors in King County Surface Waters. King County
Department of Natural Resources and Parks Water and Land Resources Division.

King County. (2018). An Evaluation of Potential Impacts of Chemical Contaminants to Chinook
Salmon in the Green-Duwamish Watershed. Retrieved from
https://www.govlink.org/watersheds/9/pdf/technical-white-
papers/Contaminants Final Techincal White Paper.pdf

Knudsen, G. A., Hughes, M. F., Sanders, J. M., Hall, S. M., & Birnbaum, L. S. (2016). Estimation of
human percutaneous bioavailability for two novel brominated flame retardants, 2-
ethylhexyl 2,3,4,5-tetrabromobenzoate (EH-TBB) and bis(2-ethylhexyl)
tetrabromophthalate (BEH-TEBP). Toxicology and Applied Pharmacology, 311, 117-127.
https://doi.org/10.1016/j.taap.2016.10.005

Publication 20-04-019 118 July 2020


https://www.govlink.org/watersheds/9/pdf/technical-white-papers/Contaminants_Final_Techincal_White_Paper.pdf
https://www.govlink.org/watersheds/9/pdf/technical-white-papers/Contaminants_Final_Techincal_White_Paper.pdf

Koh, W. X., Hornbuckle, K. C., & Thorne, P. S. (2015). Human Serum from Urban and Rural
Adolescents and Their Mothers Shows Exposure to Polychlorinated Biphenyls Not Found
in Commercial Mixtures. Environmental Science & Technology, 49, 8105-8112.
https://doi.org/10.1021/acs.est.5b01854

Koniecki, D., Wang, R., Moody, R. P., & Zhu, J. (2011). Phthalates in cosmetic and personal care
products : Concentrations and possible dermal exposure. Environmental Research, 111,
329-336. https://doi.org/10.1016/j.envres.2011.01.013

Kotthoff, M., Miller, J., Jirling, H., Schlummer, M., & Fiedler, D. (2015). Perfluoroalkyl and
polyfluoroalkyl substances in consumer products. Environmental Science and Pollution
Research, 22, 14546—14559.

Kubwabo, C., Kosarac, I., & Lalonde, K. (2013). Determination of selected perfluorinated
compounds and polyfluoroalkyl phosphate surfactants in human milk. Chemosphere, 91,
771-777. https://doi.org/10.1016/j.chemosphere.2013.02.011

Kubwabo, C., Stewart, B., Zhu, J., & Marro, L. (2005). Occurrence of perfluorosulfonates and
other perfluorochemicals in dust from selected homes in the city of Ottawa, Canada.
Journal of Environmental Monitoring, 7, 10-74. https://doi.org/10.1039/b507731c

Kubwabo, C., Rasmussen, P. E., Fan, X., Kosarac, |., Grenier, G., & Coleman, K. (2016).
Simultaneous quantification of bisphenol A, alkylphenols and alkylphenol ethoxylates in
indoor dust by gas chromatography-tandem mass spectrometry and a comparison
between two sampling techniques. Analytical Methods, 8, 4093—-4100.
https://doi.org/10.1039/C6AY00774K

Kuramochi, H., Takigami, H., Scheringer, M., & Sakai, S. (2014). Estimation of physicochemical
properties of 52 non-PBDE brominated flame retardants and evaluation of their overall
persistence and long-range transport potential. Science of The Total Environment, 491—
492, 108-117. https://doi.org/10.1016/j.scitotenv.2014.04.004

La Guardia, M. J., & Hale, R. C. (2015). Halogenated flame-retardant concentrations in settled
dust, respirable and inhalable particulates and polyurethane foam at gymnastic training
facilities and residences. Environment International, 79, 106—-114.
https://doi.org/10.1016/j.envint.2015.02.014

La Guardia, M. J., Hale, R. C., Harvey, E., Mainor, T. M., & Ciparis, S. (2012). In Situ Accumulation
of HBCD, PBDEs, and Several Alternative Flame-Retardants in the Bivalve (Corbicula
fluminea) and Gastropod (Elimia proxima). Environmental Science & Technology, 46,
5798-5805. https://doi.org/10.1021/es3004238

Publication 20-04-019 119 July 2020



La Guardia, M. J., & Hale, R. C. (2015). Halogenated flame-retardant concentrations in settled
dust, respirable and inhalable particulates and polyurethane foam at gymnastic training
facilities and residences. Environment International, 79, 106—-114.
https://doi.org/10.1016/j.envint.2015.02.014

La Guardia, M., Schreder, E., Uding, N., & Hale, R. (2017). Human Indoor Exposure to Airborne
Halogenated Flame Retardants: Influence of Airborne Particle Size. International Journal
of Environmental Research and Public Health, 14, 507.
https://doi.org/10.3390/ijerph14050507

Lang J., Allred B., Field J., & Levis J. (2017). National Estimate of Per- and Polyfluoroalkyl
Substance (PFAS) Release to U.S. Municipal Landfill Leachate. Environmental Science &
Technology, 51, 2197 — 2205. https://doi.org/10.1021/acs.est.6b05005

Lang, J. R, Allred, B. M., Peaslee, G. F,, Field, J. A., & Barlaz, M. A. (2016). Release of Per- and
Polyfluoroalkyl Substances (PFASs) from Carpet and Clothing in Model Anaerobic Landfill
Reactors. Environmental Science & Technology, 50, 5024-5032.
https://doi.org/10.1021/acs.est.5b06237

Larsson, K., Lindh, C. H., Jonsson, B. A., Giovanoulis, G., Bibi, M., Bottai, M., Bergstrom, A., &
Berglund, M. (2017). Phthalates, non-phthalate plasticizers and bisphenols in Swedish
preschool dust in relation to children’s exposure. Environment International, 102, 114—
124. https://doi.org/10.1016/j.envint.2017.02.006

Latimer, Geoff. (2013). Brominated Flame Retardant Research, A Pilot Study of E-waste Plastic
Sorting in New Zealand. Ministry for the Environment. Page 74.

Lent, T, Silas, J., & Vallette, J. (2009). Resilient Flooring & Chemical Hazards A Comparative
Analysis of Vinyl and Other Alternatives for Health Care. Retrieved from
http://www.premiersafetyinstitute.org/wp-content/uploads/flooring-08042010-sm.pdf

Li, L.-X., Chen, L., Meng, X.-Z., Chen, B.-H., Chen, S.-Q., Zhao, Y., Zhao, L.-F., Liang, Y., & Zhang,
Y.-H. (2013). Exposure Levels of Environmental Endocrine Disruptors in Mother-
Newborn Pairs in China and Their Placental Transfer Characteristics. PLOS ONE, 8, 625—
26. https://doi.org/10.1371/journal.pone.0062526

Liang, Y., & Xu, Y. (2014). Emission of Phthalates and Phthalate Alternatives from Vinyl Flooring
and Crib Mattress Covers: The Influence of Temperature. Environmental Science &
Technology, 48, 14228-14237. https://doi.org/10.1021/es504801x

Liao, C., & Kannan, K. (2011). Widespread occurrence of bisphenol A in paper and paper
products: Implications for human exposure. Environmental Science and Technology, 45,
9372-9379. https://doi.org/10.1021/es202507f

Publication 20-04-019 120 July 2020


http://www.premiersafetyinstitute.org/wp-content/uploads/flooring-08042010-sm.pdf

Liao, C., & Kannan, K. (2013). Concentrations and Profiles of Bisphenol A and Other Bisphenol
Analogues in Foodstuffs from the United States and Their Implications for Human
Exposure. Journal of Agricultural and Food Chemistry, 61, 4655-4662.
https://doi.org/10.1021/jf400445n

Liao, C,, Liu, F., & Kannan, K. (2012). Bisphenol S, a New Bisphenol Analogue, in Paper Products
and Currency Bills and Its Association with Bisphenol A Residues. Environmental Science
& Technology, 46, 6515—-6522. https://doi.org/10.1021/es300876n

Liu, H., Liang, Y., Zhang, D., Wang, C., Liang, H., & Cai, H. (2010). Impact of MSW landfill on the
environmental contamination of phthalate esters. Waste Management, 30, 1569-1576.
https://doi.org/10.1016/j.wasman.2010.01.040

Liu, X., Guo, Z., Folk, E. E., & Roache, N. F. (2015). Determination of fluorotelomer alcohols in
selected consumer products and preliminary investigation of their fate in the indoor
environment. Chemosphere, 129, 81-86.
https://doi.org/10.1016/j.chemosphere.2014.06.012

Liu, J., & Martin, J. W. (2017). Prolonged Exposure to Bisphenol A from Single Dermal Contact
Events. Environmental Science & Technology, 51, 9940-9949.
https://doi.org/10.1021/acs.est.7b03093

Liu, L.-Y., He, K., Hites, R. A., & Salamova, A. (2016). Hair and Nails as Noninvasive Biomarkers of
Human Exposure to Brominated and Organophosphate Flame Retardants.
Environmental Science & Technology, 50, 3065-3073.
https://doi.org/10.1021/acs.est.5b05073

Liu, X., & Mullin, M. (2019). Inadvertent PCBs in Consumer Products Polychlorinated biphenyls
(PCBs). [PowerPoint slides]. Kaunas, Lithuania. EPA. Retrieved from
https://cfpub.epa.gov/si/si public record report.cfm?Lab=NRMRL&dirEntryld=346285

Liu, X., Guo, Z., Krebs, K. A., Pope, R. H., & Roache, N. F. (2014). Concentrations and trends of
perfluorinated chemicals in potential indoor sources from 2007 through 2011 in the US.
Chemosphere, 98, 51-57.

Liu, X., Guo, Z., Krebs, K. A., Pope, R. H., & Roache, N. F. (2014). Concentrations and trends of
perfluorinated chemicals in potential indoor sources from 2007 through 2011 in the US.
Chemosphere, 98, 51-57. https://doi.org/10.1016/j.chemosphere.2013.10.001

Lorber, M., Arnold Schecter, O. P., William Shropshire, K., & Christensen, and L. B. (2015).
Exposure assessment of adult intake of bisphenol A (BPA) with emphasis on canned
food dietary exposures. Environment International, 77, 55-62.
https://doi.org/10.1111/mec.13536.Application

Publication 20-04-019 121 July 2020


https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=346285

Lott, S. (2014). Phthalate-free Plasticizers in PVC. Retrieved from
https://s3.amazonaws.com/hbnweb.dev/uploads/files/phthalate-free-plasticizers-in-

pvc.pdf

Lowe’s Home Improvement. (2019). Lowe’s Safer Chemicals Policy. Retrieved from
https://newsroom.lowes.com/policies/safer-chemicals/

Lower Columbia River Estuary Partnership (LCREP). (2007). Water Quality and Salmon Sampling
Report.

Lower Duwamish Waterway Group. (2010). Lower Duwamish Waterway Remedial
Investigation. Retrieved from http://cleanupsites.org/t115/documents/Appendix
C/Windward Environmental LLC 2010.pdf

Lu, S.-Y., Chang, W.-J,, Sojinu, S. O., & Ni, H.-G. (2013). Bisphenol A in supermarket receipts and
its exposure to human in Shenzhen, China. Chemosphere, 92, 1190-1194.
https://doi.org/10.1016/J.CHEMOSPHERE.2013.01.096

Lu, X., Chen, M., Zhang, X., Sun, Y., Zhu, D., Zhang, Q., Wang, B., & Zhang, Z. (2013).
Simultaneous quantification of five phenols in settled house dust using ultra-high
performance liquid chromatography-tandem mass spectrometry. Analytical Methods, 5.
https://doi.org/10.1039/c3ay40602d

Lucas, D., Petty, S. M., Keen, O., Luedeka, B., Schlummer, M., Weber, R., Barlaz, M., Yazdani, R.,
Riise, B., Rhodes, J., Nightingale, D., Diamond, M. L., Vijgen, J., Lindeman, A., Blum, A., &
Koshland, C. P. (2018). Methods of Responsibly Managing End-of-Life Foams and Plastics
Containing Flame Retardants: Part |. Environmental Engineering Science, 35, 573-587.
https://doi.org/10.1089/ees.2017.0147

Lucia, M. (2016). No Clean Bill of Health—Toxic chemicals in cash register receipts. Center for
Environmental Health.

Lunder, S., Andrews, D., & Houlihan, J. (2010). BPA Coats Cash Register Receipts. Retrieved from
https://www.ewg.org/research/bpa-in-store-receipts

Lv, Y., Ly, S., Dai, Y., Rui, C.,, Wang, Y., Zhou, Y., Li, Y., Pang, Q., & Fan, R. (2017). Higher dermal
exposure of cashiers to BPA and its association with DNA oxidative damage.
Environment International, 98, 69-74. https://doi.org/10.1016/j.envint.2016.10.001

Lv, Y.-Z., Yao, L., Wang, L., Liu, W.-R,, Zhao, J.-L., He, L.-Y., & Ying, G.-G. (2019). Bioaccumulation,
metabolism, and risk assessment of phenolic endocrine disrupting chemicals in specific
tissues of wild fish. Chemosphere, 226, 607-615.
https://doi.org/10.1016/j.chemosphere.2019.03.187

Publication 20-04-019 122 July 2020


https://s3.amazonaws.com/hbnweb.dev/uploads/files/phthalate-free-plasticizers-in-pvc.pdf
https://s3.amazonaws.com/hbnweb.dev/uploads/files/phthalate-free-plasticizers-in-pvc.pdf
https://newsroom.lowes.com/policies/safer-chemicals/
http://cleanupsites.org/t115/documents/Appendix%20C/Windward%20Environmental%20LLC%202010.pdf
http://cleanupsites.org/t115/documents/Appendix%20C/Windward%20Environmental%20LLC%202010.pdf
https://www.ewg.org/research/bpa-in-store-receipts

Ma, Y., Venier, M., & Hites, R. A. (2012). 2-Ethylhexyl Tetrabromobenzoate and Bis(2-
ethylhexyl) Tetrabromophthalate Flame Retardants in the Great Lakes Atmosphere.
Environmental Science & Technology, 46, 204-208. https://doi.org/10.1021/es203251f

Mackenzie, C., Mcintyre, J., Howe, E., & Israel, J. (2018). Stormwater Quality in Puget Sound:
Impacts & Solutions in Reviewed Literature 2017, 44. Retrieved from
http://www.cityhabitats.org/wp-content/uploads/2018/12/TNCWA Stormwater-
Report 2018 Final-rl.pdf

Main, K. M., Mortensen, G. K., Kaleva, M. M., Boisen, K. A., Damgaard, |. N., Chellakooty, M.,
Skakkebaek, N. E. (2006). Human Breast Milk Contamination with Phthalates and
Alterations of Endogenous Reproductive Hormones in Infants Three Months of Age.
Environmental Health Perspectives, 114, 270-276. https://doi.org/10.1289/ehp.8075

Maine Department of the Environment. (2019). Waters and Navigation Chapter 16: Sale of
Consumer Products Affecting the Environment. Maine Department of the Environment.

Mao, J., Jain, A., Denslow, N. D., Nouri, M. Z,, Chen, S., Wang, T., Zhu, N., Koh, J., Sarma, S. J.,
Sumner, B. W., Lei, Z., Sumner, L. W,, Bivens, N. J., Michael Roberts, R., Tuteja, G., &
Rosenfeld, C. S. (2020). Bisphenol A and bisphenol S disruptions of the mouse placenta
and potential effects on the placenta-brain axis. Proceedings of the National Academy of
Sciences of the United States of America, 117, 4642—-4652.
https://doi.org/10.1073/pnas.1919563117

Mao, Z., Zheng, X.-F., Zhang, Y.-Q., Tao, X.-X., Li, Y., & Wang, W. (2012). Occurrence and
biodegradation of nonylphenol in the environment. International Journal of Molecular
Sciences, 13, 491-505. https://doi.org/10.3390/ijms13010491

Marek, R. F., Thorne, P. S., DeWall, J., & Hornbuckle, K. C. (2014). Variability in PCB and OH-PCB
Serum Levels in Children and Their Mothers in Urban and Rural U.S. Communities.
Environmental Science & Technology, 48, 13459-13467.
https://doi.org/10.1021/es502490w

Marek, R. F., Thorne, P. S., Wang, K., DeWall, J., & Hornbuckle, K. C. (2013). PCBs and OH-PCBs
in Serum from Children and Mothers in Urban and Rural U.S. Communities.
Environmental Science & Technology, 47, 3353—3361.
https://doi.org/10.1021/es304455k

Mars, C., & Nafe, C. (2016). The Electronics Recycling Landscape Report. Retrieved from
https://www.sustainabilityconsortium.org/wp-
content/uploads/2017/03/TSC Electronics Recycling Landscape Report-1.pdf

Publication 20-04-019 123 July 2020


http://www.cityhabitats.org/wp-content/uploads/2018/12/TNCWA_Stormwater-Report_2018_Final-r1.pdf
http://www.cityhabitats.org/wp-content/uploads/2018/12/TNCWA_Stormwater-Report_2018_Final-r1.pdf
https://doi.org/10.1289/ehp.8075
https://www.sustainabilityconsortium.org/wp-content/uploads/2017/03/TSC_Electronics_Recycling_Landscape_Report-1.pdf
https://www.sustainabilityconsortium.org/wp-content/uploads/2017/03/TSC_Electronics_Recycling_Landscape_Report-1.pdf

Mathieu-Denoncourt, J., Wallace, S. J., de Solla, S. R., & Langlois, V. S. (2015). Plasticizer
endocrine disruption: Highlighting developmental and reproductive effects in mammals
and non-mammalian aquatic species. General and Comparative Endocrinology, 219, 74-
88. https://doi.org/10.1016/j.ygcen.2014.11.003

Matsukami, H., Tue, N. M., Suzuki, G., Someya, M., Tuyen, L. H., Viet, P. H., Takahashi, S.,
Tanabe, S., & Takigami, H. (2015). Flame retardant emission from e-waste recycling
operation in northern Vietnam: Environmental occurrence of emerging
organophosphorus esters used as alternatives for PBDEs. Science of The Total
Environment, 514, 492-499. https://doi.org/10.1016/j.scitotenv.2015.02.008

McTigue Pierce, L. (2018). Most food cans no longer use BPA in their linings. Packaging Digest.
https://www.packagingdigest.com/food-packaging/most-food-cans-no-longer-use-bpa-
in-their-linings-2018-02-20

Meador, J. P, Yeh, A., Young, G., & Gallagher, E. P. (2016). Contaminants of emerging concern
in a large temperate estuary. Environmental Pollution, 213, 254-267.
https://doi.org/10.1016/j.envpol.2016.01.088

Méndez-Diaz, J. D., Abdel daiem, M. M., Rivera-Utrilla, J., Sdnchez-Polo, M., & Bautista-Toledo,
. (2012). Adsorption/bioadsorption of phthalic acid, an organic micropollutant present
in landfill leachates, on activated carbons. Journal of Colloid and Interface Science, 369,
358-365. https://doi.org/10.1016/j.jcis.2011.11.073

Mendum, T., Stoler, E., Vanbenschoten, H., & Warner, J. C. (2011). Concentration of bisphenol a
in thermal paper. Green Chemistry Letters and Reviews, 4, 81-86.
https://doi.org/10.1080/17518253.2010.502908

Meyer, D. E., & Katz, J. P. (2016). Analyzing the environmental impacts of laptop enclosures
using screening-level life cycle assessment to support sustainable consumer electronics.
Journal of Cleaner Production, 112, 369-383.
https://doi.org/10.1016/j.jclepro.2015.05.143

Michatowicz, J. (2014). Bisphenol A - Sources, toxicity and biotransformation. Environmental
Toxicology and Pharmacology, 37, 738-758. https://doi.org/10.1016/j.etap.2014.02.003

Miller, G., Belliveau, M., Walsh, B., & Schade, M. (2019). Vinyl Flooring Follow-Up Report.
Retrieved from https://www.ecocenter.org/healthy-stuff/pages/vinyl-flooring-follow-

report

Ministry of Environment and Food of Denmark. (2016). Fire Safety Requirements and
Alternatives to Brominated Flame-Retardants. Retrieved from
https://www2.mst.dk/Udgiv/publications/2016/01/978-87-93435-22-3.pdf

Publication 20-04-019 124 July 2020


https://www.packagingdigest.com/food-packaging/most-food-cans-no-longer-use-bpa-in-their-linings-2018-02-20
https://www.packagingdigest.com/food-packaging/most-food-cans-no-longer-use-bpa-in-their-linings-2018-02-20
https://www.ecocenter.org/healthy-stuff/pages/vinyl-flooring-follow-report
https://www.ecocenter.org/healthy-stuff/pages/vinyl-flooring-follow-report
https://www2.mst.dk/Udgiv/publications/2016/01/978-87-93435-22-3.pdf

Miranda, M. L., Edwards, S. E., Keating, M. H., & Paul, C. J. (2011). Making the environmental
justice grade: the relative burden of air pollution exposure in the United States.
International Journal of Environmental Research and Public Health, 8, 1755-1771.
https://doi.org/10.3390/ijerph8061755

Molina-Molina, J. M., Jiménez-Diaz, |., Fernandez, M. F., Rodriguez-Carrillo, A., Peinado, F. M.,
Mustieles, V., Freire, C. (2019). Determination of bisphenol A and bisphenol S
concentrations and assessment of estrogen- and anti-androgen-like activities in thermal
paper receipts from Brazil, France, and Spain. Environmental Research, 170, 406—415.
https://doi.org/10.1016/j.envres.2018.12.046

Mordor Intelligence. (2018). U.S. Printing Inks Market. Retrieved from
https://www.mordorintelligence.com/industry-reports/united-states-printing-inks-
market

Mordor Intelligence. (2019). Dyes & Pigments Market | Growth, Trends, and Forecast (2020 -
2025). https://www.mordorintelligence.com/industry-reports/dyes-and-pigments-
market

Morris, S., Allchin, C. R., Zegers, B. N., Haftka, J. J. H., Boon, J. P., Belpaire, C., Leonards, P. E. G,,
van Leeuwen, S. P. J., & de Boer, J. (2004). Distribution and Fate of HBCD and TBBPA
Brominated Flame Retardants in North Sea Estuaries and Aquatic Food Webs.
Environmental Science & Technology, 38, 5497-5504.
https://doi.org/10.1021/es049640i

Muenhor, D., & Harrad, S. (2012). Within-room and within-building temporal and spatial
variations in concentrations of polybrominated diphenyl ethers (PBDEs) in indoor dust.
Environment International, 47, 23-27. https://doi.org/10.1016/j.envint.2012.06.001

Nagarnaik, P. M., Mills, M. A., & Boulanger, B. (2010). Concentrations and mass loadings of
hormones, alkylphenols, and alkylphenol ethoxylates in healthcare facility wastewaters.
Chemosphere, 78, 1056-1062. https://doi.org/10.1016/j.chemosphere.2009.11.019

Nassan, F. L., Coull, B. A., Skakkebaek, N. E., Williams, M. A., Dadd, R., Minguez-Alarcén, L.,
Hauser, R. (2016). A crossover—crossback prospective study of dibutyl-phthalate
exposure from mesalamine medications and semen quality in men with inflammatory
bowel disease. Environment International, 95, 120-130.
https://doi.org/10.1016/j.envint.2016.08.006

National Center for Biotechnology Information (NCBI). (n.d.). Nonylphenol, Source: Aceschem
Inc. PubChem Database. Retrieved from
https://pubchem.ncbi.nlm.nih.gov/substance/402411652

Publication 20-04-019 125 July 2020


https://www.mordorintelligence.com/industry-reports/united-states-printing-inks-market
https://www.mordorintelligence.com/industry-reports/united-states-printing-inks-market
https://www.mordorintelligence.com/industry-reports/dyes-and-pigments-market
https://www.mordorintelligence.com/industry-reports/dyes-and-pigments-market
https://pubchem.ncbi.nlm.nih.gov/substance/402411652

National Institute of Environmental Health Services (NIEHS). (2020). Flame Retardants. National
Institutes of Health (NIH). Retrieved from
https://www.niehs.nih.gov/health/topics/agents/flame retardants/index.cfm

Ndaw, S., Remy, A., Jargot, D., & Robert, A. (2016). Occupational exposure of cashiers to
Bisphenol A via thermal paper: urinary biomonitoring study. International Archives of
Occupational and Environmental Health, 89, 935-946. https://doi.org/10.1007/s00420-
016-1132-8

Nestler, A., Heine, L., & Montgomery, A. (2019). Pigments and inadvertent polychlorinated
biphenyls (iPCBs): Advancing no and low iPCB pigments for newsprint, and paper and
paperboard packaging. Spokane River Regional Toxics Task Forces, Northwest, 1-50.

Nielson Corp. (2019) Nielsen Estimates 120.6 Million Tv Homes in The U.S. For the 2019-2020
TV Season. Retrieved from
https://www.nielsen.com/us/en/insights/article/2019/nielsen-estimates-120-6-million-
tv-homes-in-the-u-s-for-the-2019-202-tv-season/

Noguchi, M., & Yamasaki, A. (2016). Passive flux sampler measurements of emission rates of
phthalates from poly(vinyl chloride) sheets. Building and Environment, 100, 197-202.
https://doi.org/10.1016/j.buildenv.2016.02.019

Noonan, G. O., Ackerman, L. K., & Begley, T. H. (2011). Concentration of Bisphenol A in Highly
Consumed Canned Foods on the U.S. Market. Journal of Agricultural and Food
Chemistry, 59, 7178-7185. https://doi.org/10.1021/jf201076f

Norback, D., Wieslander, G., Nordstrom, K., & Walinder, R. (2000). Asthma symptoms in
relation to measured building dampness in upper concrete floor construction, and 2-
ethyl-1-hexanol in indoor air. The International Journal of Tuberculosis and Lung
Disease: The Official Journal of the International Union against Tuberculosis and Lung
Disease, 4, 1016—1025. Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/11092713

Northwest Green Chemistry. (2018). Alternatives to Five Phthalates of Concern to Puget Sound.
Retrieved from https://www.northwestgreenchemistry.org/news/alternatives-to-five-
phthalates-of-concern-to-puget-sound-1

O’Neill, S. M., Carey, A. J., Lanksbury, J. A., Niewolny, L. A,, Ylitalo, G., Johnson, L. L., & West, J.
E. (2015). Toxic contaminants in juvenile Chinook salmon (Oncorhynchus tshawytscha)
migrating through estuary, nearshore and offshore habitats of Puget Sound. Retrieved
from
https://www.governor.wa.gov/sites/default/files/OrcaTaskForce reportandrecommend
ations 11.16.18.pdf

Publication 20-04-019 126 July 2020


https://www.niehs.nih.gov/health/topics/agents/flame_retardants/index.cfm
https://www.nielsen.com/us/en/insights/article/2019/nielsen-estimates-120-6-million-tv-homes-in-the-u-s-for-the-2019-202-tv-season/
https://www.nielsen.com/us/en/insights/article/2019/nielsen-estimates-120-6-million-tv-homes-in-the-u-s-for-the-2019-202-tv-season/
http://www.ncbi.nlm.nih.gov/pubmed/11092713
https://www.northwestgreenchemistry.org/news/alternatives-to-five-phthalates-of-concern-to-puget-sound-1
https://www.northwestgreenchemistry.org/news/alternatives-to-five-phthalates-of-concern-to-puget-sound-1
https://www.governor.wa.gov/sites/default/files/OrcaTaskForce_reportandrecommendations_11.16.18.pdf
https://www.governor.wa.gov/sites/default/files/OrcaTaskForce_reportandrecommendations_11.16.18.pdf

Odebeatu, C. C., Taylor, T., Fleming, L. E., & J. Osborne, N. (2019). Phthalates and asthma in
children and adults: U.S. NHANES 2007-2012. Environmental Science and Pollution
Research, 26, 28256—-28269. https://doi.org/10.1007/s11356-019-06003-2

OECD. (2019). Complementing Document to the Emission Scenario Document on Plastic
Additives: Plastic Additives during the Use of End Products. Retrieved from
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MO
NO(2019)10&doclanguage=en

Olsen, G. W., Mair, D. C,, Lange, C. C., Harrington, L. M., Church, T. R., Goldberg, C. L., Ley, C. A.
(2017). Per- and polyfluoroalkyl substances (PFAS) in American Red Cross adult blood
donors, 2000-2015. Environmental Research, 157, 87-95.
https://doi.org/10.1016/j.envres.2017.05.013

Orellano, P., Quaranta, N., Reynoso, J., Balbi, B., & Vasquez, J. (2017). Effect of outdoor air
pollution on asthma exacerbations in children and adults: Systematic review and
multilevel meta-analysis. PLOS ONE, 12. https://doi.org/10.1371/journal.pone.0174050

Osako, M., Kim, Y.-J., & Sakai, S. (2004). Leaching of brominated flame retardants in leachate
from landfills in Japan. Chemosphere, 57, 1571-1579.
https://doi.org/10.1016/j.chemosphere.2004.08.076

Ospina M, Jayatilaka NK, Wong LY, Restrepo P, Calafat AM. (2018) Exposure to
organophosphate flame retardant chemicals in the U.S. general population: Data from
the 2013-2014 National Health and Nutrition Examination Survey. Environment
International, 110, 32-41. https://doi.org/10.1016/j.envint.2017.10.001

PackaginglLaw. (2018). New EU Regulation Sets BPA Limit in Food-Contact Varnishes and
Coatings and Reduces Limit for BPA in Food-Contact Plastic Materials and Articles.

Pan, Y., Deng, M,, Li, J., Du, B., Lan, S., Liang, X., & Zeng, L. (2020). Occurrence and Maternal
Transfer of Multiple Bisphenols, Including an Emerging Derivative with Unexpectedly
High Concentrations, in the Human Maternal-Fetal-Placental Unit. Environmental
Science & Technology, 54, 3476—-3486. https://doi.org/10.1021/acs.est.0c00206

Park, J.-S., Voss, R. W., McNeel, S., Wu, N., Guo, T., Wang, Y., Israel, L., Das, R., & Petreas, M.
(2015). High Exposure of California Firefighters to Polybrominated Diphenyl Ethers.
Environmental Science & Technology, 49, 2948—-2958.
https://doi.org/10.1021/es5055918

Parlett, L. E., Calafat, A. M., & Swan, S. H. (2013). Women’s exposure to phthalates in relation to
use of personal care products. Journal of Exposure Science & Environmental
Epidemiology, 23, 197-206. https://doi.org/10.1038/jes.2012.105

Publication 20-04-019 127 July 2020


http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2019)10&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/JM/MONO(2019)10&doclanguage=en
https://doi.org/10.1016/j.envres.2017.05.013
https://doi.org/10.1371/journal.pone.0174050

Pilcher, G. (2018). Nine Years Following the Great Recession: The State of the U.S. Paint and
Coatings Industry. American Coatings Association. Retrieved from
https://www.paint.org/coatingstech-magazine/articles/nine-years-following-great-
recession-state-u-s-paint-coatings-industry/

Paul, A. G., Jones, K. C., & Sweetman, A. J. (2009). A First Global Production, Emission, And
Environmental Inventory For Perfluorooctane Sulfonate. Environmental Science &
Technology, 43, 386—392. https://doi.org/10.1021/es802216n

Paxeus, N. (2000). Organic compounds in municipal landfill leachates. Water Science and
Technology, 42, 323—-333. https://doi.org/10.2166/wst.2000.0585

PCC Group. (2018). Chemical components of printing inks. Retrieved from
https://www.products.pcc.eu/en/k/printing-inks/

Pelch, K., Wignall, J. A., Goldstone, A. E., Ross, P. K., Blain, R. B., Shapiro, A. J., Thayer, K. A.
(2019). A scoping review of the health and toxicological activity of bisphenol A (BPA)
structural analogues and functional alternatives. Toxicology, 424, 152-235.
https://doi.org/10.1016/j.tox.2019.06.006

Polinski, K. J., Dabelea, D., Hamman, R. F., Adgate, J. L., Calafat, A. M., Ye, X., & Starling, A. P.
(2018). Distribution and predictors of urinary concentrations of phthalate metabolites
and phenols among pregnant women in the Healthy Start Study. Environmental
Research, 162, 308-317. https://doi.org/10.1016/j.envres.2018.01.025

Polymer Science Learning Center (PSLC). (2019). Making Epoxy Resins. Retrieved from
https://pslc.ws/macrog/eposyn.htm

PPRC. (2015). Should We Recycle Thermal Receipts That Contain BPA? Retrieved from
https://pprc.org/2015/pprc/should-we-recycle-thermal-receipts-that-contain-bpa/

Pratt, I., Anderson, W., Crowley, D., Daly, S., Evans, R., Fernandes, A., Fitzgerald, M., Geary, M.,
Keane, D., Morrison, J., Reilly, A., Tlustos, C. (2013). Brominated and fluorinated organic
pollutants in the breast milk of first-time Irish mothers: is there a relationship to levels
in food? Food Additives & Contaminants: Part A, 30, 1788-1798.
https://doi.org/10.1080/19440049.2013.822569

ProtectME. (2019). Eco Friendly Fabric Protector. Retrieved from
https://www.protectmeproducts.com.au/eco-friendly-fabric-protector/

Puget Sound Partnership. (2017). Vital Signs: Toxics in Fish. Retrieved from
http://www.psp.wa.gov/vitalsigns/toxics in fish.php

Publication 20-04-019 128 July 2020


https://www.paint.org/coatingstech-magazine/articles/nine-years-following-great-recession-state-u-s-paint-coatings-industry/
https://www.paint.org/coatingstech-magazine/articles/nine-years-following-great-recession-state-u-s-paint-coatings-industry/
https://www.products.pcc.eu/en/k/printing-inks/
https://pslc.ws/macrog/eposyn.htm
https://pprc.org/2015/pprc/should-we-recycle-thermal-receipts-that-contain-bpa/
https://www.protectmeproducts.com.au/eco-friendly-fabric-protector/
http://www.psp.wa.gov/vitalsigns/toxics_in_fish.php

Pure Strategies. (2005). Decabromodiphenylether: An Investigation of Non-Halogen Substitutes
in Electronic Enclosure and Textile Applications. The Lowell Center for Sustainable
Production. Retrieved from
https://www.uml.edu/docs/Decabromodiphenylether%20An%20Investigation tcm18-

229890.pdf

QIMA. (2019). Scope of REACH Phthalates Regulations Amended to Apply to All Articles.
Retrieved from https://www.qgima.com/reach-testing/phthalates-regulations-amended

Qu, W, Bij, X., Sheng, G., Ly, S, Fu, J., Yuan, J., & Li, L. (2007). Exposure to polybrominated
diphenyl ethers among workers at an electronic waste dismantling region in Guangdong,
China. Environment International, 33, 1029-1034.
https://doi.org/10.1016/j.envint.2007.05.009

Rajankar, P., Mohapatra, P., & Mathur, K. (2018). Toxic Impressions-BPA in thermal paper.
Retrieved from http://toxicslink.org/docs/BPA

Ramakrishnan, A., Blaney, L., Kao, J., Tyagi, R. D., Zhang, T. C., & Surampalli, R. Y. (2015).
Emerging contaminants in landfill leachate and their sustainable management.
Environmental Earth Sciences, 73, 1357-1368. https://doi.org/10.1007/s12665-014-
3489-x

Rayne, S., lkonomou, M. G., Ross, P. S., Ellis, G. M., & Barrett-Lennard, L. G. (2004). PBDEs,
PBBs, and PCNs in Three Communities of Free-Ranging Killer Whales (Orcinus orca) from
the Northeastern Pacific Ocean. Environmental Science & Technology, 38, 4293—-4299.
https://doi.org/10.1021/es0495011

Reid, A. M., Brougham, C. A., Fogarty, A. M., & Roche, J. J. (2007). Isocratic LC methods for the
trace analysis of phthalates and 4-nonylphenol in varying types of landfill and adjacent
run-offs. Toxicological & Environmental Chemistry, 89, 399—-410.
https://doi.org/10.1080/02772240601116613

Resilient Floor Covering Institute (RFCI). (2020). Comments of the Resilient Floor Covering
Institute (RFCI) on the Safer Products for Washington Priority Consumer Products Draft
Report to Legislature (Jan. 2020; Publication 20-04-004). [Public Comment]. Ecology.
https://commentinput.com/attachments/projectID 200002/200082/merged//271132x
Yrlj.pdf?v=E5T7F2PCM

Resource Conservation and Recovery Act of 1976 42 U.S.C. ch. 82 § 6901 et seq. (1976)

Publication 20-04-019 129 July 2020


https://www.uml.edu/docs/Decabromodiphenylether%20An%20Investigation_tcm18-229890.pdf
https://www.uml.edu/docs/Decabromodiphenylether%20An%20Investigation_tcm18-229890.pdf
https://www.qima.com/reach-testing/phthalates-regulations-amended
http://toxicslink.org/docs/BPA
https://commentinput.com/attachments/projectID_200002/200082/merged/271132xYrlj.pdf?v=E5T7F2PCM
https://commentinput.com/attachments/projectID_200002/200082/merged/271132xYrlj.pdf?v=E5T7F2PCM

Rocha, B. A., Azevedo, L. F., Gallimberti, M., Campiglia, A. D., & Barbosa, F. (2015). High Levels
of Bisphenol A and Bisphenol S in Brazilian Thermal Paper Receipts and Estimation of
Daily Exposure. Journal of Toxicology and Environmental Health - Part A: Current Issues,
78, 1181-1188. https://doi.org/10.1080/15287394.2015.1083519

Rodenburg, L. A., Guo, J., Du, S., & Cavallo, G. J. (2010). Evidence for Unique and Ubiquitous
Environmental Sources of 3,3'-Dichlorobiphenyl (PCB 11). Environmental Science &
Technology, 44, 2816—2821. https://doi.org/10.1021/es901155h

Rodenburg, L. A., Winstanley, I., & Wallin, J. M. (2019). Source Apportionment of
Polychlorinated Biphenyls in Atmospheric Deposition in the Seattle, WA, USA Area
Measured with Method 1668. Archives of Environmental Contamination and Toxicology,
77, 188-196. https://doi.org/10.1007/s00244-019-00640-x

Rudel, R. A., Camann, D. E., Spengler, J. D., Korn, L. R., & Brody, J. G. (2003). Phthalates,
Alkylphenols, Pesticides, Polybrominated Diphenyl Ethers, and Other Endocrine-
Disrupting Compounds in Indoor Air and Dust. Environmental Science & Technology, 37,
4543-4553. https://doi.org/10.1021/es0264596

Rudel, R. A., Seryak, L. M., & Brody, J. G. (2008). PCB-containing wood floor finish is a likely
source of elevated PCBs in residents’ blood, household air and dust: a case study of
exposure. Environmental Health, 7, 2. https://doi.org/10.1186/1476-069X-7-2

Russo, G., Barbato, F., & Grumetto, L. (2017). Monitoring of bisphenol A and bisphenol S in
thermal paper receipts from the Italian market and estimated transdermal human
intake: A pilot study. Science of the Total Environment, 599-600, 68-75.
https://doi.org/10.1016/j.scitotenv.2017.04.192

Russo, G., Barbato, F., Mita, D. G., & Grumetto, L. (2019). Occurrence of Bisphenol A and its
analogues in some foodstuff marketed in Europe. Food and Chemical Toxicology, 131,
110-575. https://doi.org/10.1016/j.fct.2019.110575

Ruus, A., Green, N. W., Maage, A., & Skei, J. (2006). PCB-containing paint and plaster caused
extreme PCB-concentrations in biota from the Sgrfjord (Western Norway)—A case study.
Marine Pollution Bulletin, 52, 100—103. https://doi.org/10.1016/j.marpolbul.2005.11.010

Safer States. (2020a). BPA, Phthalates, and Chemicals Used in Plastic. Retrieved from
http://www.saferstates.com/toxic-chemicals/chemicals-in-plastic/

Safer States. (2020b). PFAS. Retrieved from http://www.saferstates.com/toxic-chemicals/pfas/

Publication 20-04-019 130 July 2020


http://www.saferstates.com/toxic-chemicals/chemicals-in-plastic/
http://www.saferstates.com/toxic-chemicals/pfas/

Safer States. (2020c). Toxic Flame Retardants Bill Tracker. http://www.saferstates.org/toxic-
chemicals/toxic-flame-retardants/

Saini, A., Thaysen, C., Jantunen, L., McQueen, R. H., & Diamond, M. L. (2016). From Clothing to
Laundry Water: Investigating the Fate of Phthalates, Brominated Flame Retardants, and
Organophosphate Esters. Environmental Science & Technology, 50, 9289-9297.
https://doi.org/10.1021/acs.est.6b02038

Sajiki, J., Miyamoto, F., Fukata, H., Mori, C., Yonekubo, J., & Hayakawa, K. (2007). Bisphenol A
(BPA) and its source in foods in Japanese markets. Food Additives and Contaminants, 24,
103-112. https://doi.org/10.1080/02652030600936383

Salomon, K. Y., Zhang, C. X,, Sylvain, A. K., Wang, Y. X., & Ping Liao, X. (2019). Determination of
Nonylphenol and Its Ethoxylates by HPLC 1100 in Water Environment of Taiyuan City.
International Journal of Environment and Climate Change, 660—670.
https://doi.org/10.9734/ijecc/2019/v9i1130147

Sathyanarayana, S., Karr, C. J., Lozano, P., Brown, E., Calafat, A. M., Liu, F., & Swan, S. H. (2008).
Baby Care Products: Possible Sources of Infant Phthalate Exposure. Pediatrics, 121,
€260-e268. https://doi.org/10.1542/peds.2006-3766

Schecter, A., Pépke, O., Tung, K. C., Joseph, J., Harris, T. R., & Dahlgren, J. (2005).
Polybrominated Diphenyl Ether Flame Retardants in the U.S. Population: Current Levels,
Temporal Trends, and Comparison With Dioxins, Dibenzofurans, and Polychlorinated
Biphenyls. Journal of Occupational and Environmental Medicine, 47, 199-211.
https://doi.org/10.1097/01.jom.0000158704.27536.d2

Schecter, A., Malik, N., Haffner, D., Smith, S., Harris, T. R., Paepke, O., & Birnbaum, L. (2010).
Bisphenol A (BPA) in U.S. Food. Environmental Science & Technology, 44, 9425—9430.
https://doi.org/10.1021/es102785d

Schellenberger, S., Jonsson, C., Mellin, P., Levenstam, O. A., Liagkouridis, ., Ribbenstedt, A,
Hanning, A.-C., Schultes, L., Plassmann, M. M., Persson, C., Cousins, I. T., & Benskin, J. P.
(2019). Release of Side-Chain Fluorinated Polymer-Containing Microplastic Fibers from
Functional Textiles During Washing and First Estimates of Perfluoroalkyl Acid Emissions.
Environmental Science & Technology, 53, 14329-14338.
https://doi.org/10.1021/acs.est.9b04165

Schlummer, M., Gruber, L., Fiedler, D., Kizlauskas, M., & Miiller, J. (2013). Detection of
fluorotelomer alcohols in indoor environments and their relevance for human exposure.
Environment International, 57-58, 42—49. https://doi.org/10.1016/j.envint.2013.03.010

Publication 20-04-019 131 July 2020


http://www.saferstates.org/toxic-chemicals/toxic-flame-retardants/
http://www.saferstates.org/toxic-chemicals/toxic-flame-retardants/

Schreder, E. D., & La Guardia, M. J. (2014). Flame Retardant Transfers from U.S. Households
(Dust and Laundry Wastewater) to the Aquatic Environment. Environmental Science &
Technology, 48, 11575-11583. https://doi.org/10.1021/es502227h

Schreder, E., Peele, C., & Uding, N. (2017). TV Reality: Toxic Flame Retardants in TVs. Retrieved
from https://48h57c2131ua3c3fmglne58b-wpengine.netdna-ssl.com/wp-
content/uploads/2017/09/TV-Reality-Report-FINAL1.pdf

Selvaraj, K. K., Shanmugam, G., Sampath, S., Joakim Larsson, D. G., & Ramaswamy, B. R. (2014).
GC-MS determination of bisphenol A and alkylphenol ethoxylates in river water from
India and their ecotoxicological risk assessment. Ecotoxicology and Environmental
Safety, 99, 13-20. https://doi.org/10.1016/j.ecoenv.2013.09.006

Shang, H,, Li, Y., Wang, T., Wang, P., Zhang, H., Zhang, Q., & Jiang, G. (2014). The presence of
polychlorinated biphenyls in yellow pigment products in china with emphasis on 3,3’-
dichlorobiphenyl (PCB 11). Chemosphere, 98, 44-50.
https://doi.org/10.1016/j.chemosphere.2013.09.075

Shi, Z., Jiao, Y., Hu, Y., Sun, Z., Zhou, X., Feng, J., Li, J., & Wu, Y. (2013). Levels of
tetrabromobisphenol A, hexabromocyclododecanes and polybrominated diphenyl
ethers in human milk from the general population in Beijing, China. Science of The Total
Environment, 452—453, 10-18. https://doi.org/10.1016/j.scitotenv.2013.02.038

Shi, Z.-X., Wu, Y.-N,, Li, J.-G., Zhao, Y.-F., & Feng, J.-F. (2009). Dietary Exposure Assessment of
Chinese Adults and Nursing Infants to Tetrabromobisphenol-A and
Hexabromocyclododecanes: Occurrence Measurements in Foods and Human Milk.
Environmental Science & Technology, 43, 4314-4319.
https://doi.org/10.1021/es8035626

Shoeib, M., Harner, T., M. Webster, G., & Lee, S. C. (2011). Indoor Sources of Poly- and
Perfluorinated Compounds (PFCS) in Vancouver, Canada: Implications for Human
Exposure. Environmental Science & Technology, 45, 7999—-8005.
https://doi.org/10.1021/es103562v

Shu, H., Jénsson, B. A. G., Gennings, C., Lindh, C. H., Nanberg, E., & Bornehag, C. (2019). PVC
flooring at home and uptake of phthalates in pregnant women. Indoor Air, 29, 43-54.
https://doi.org/10.1111/ina.12508

Shu, H., Jénsson, B. A., Larsson, M., Nanberg, E., & Bornehag, C.-G. (2014). PVC flooring at home

and development of asthma among young children in Sweden, a 10-year follow-up.
Indoor Air, 24, 227-235. https://doi.org/10.1111/ina.12074

Publication 20-04-019 132 July 2020


https://48h57c2l31ua3c3fmq1ne58b-wpengine.netdna-ssl.com/wp-content/uploads/2017/09/TV-Reality-Report-FINAL1.pdf
https://48h57c2l31ua3c3fmq1ne58b-wpengine.netdna-ssl.com/wp-content/uploads/2017/09/TV-Reality-Report-FINAL1.pdf

Silva, M. J,, Reidy, J. A., Herbert, A. R,, Preau, J. L., Needham, L. L., & Calafat, A. M. (2004).
Detection of Phthalate Metabolites in Human Amniotic Fluid. Bulletin of Environmental
Contamination and Toxicology, 72. https://doi.org/10.1007/s00128-004-0374-4

Silva, M. J,, Reidy, J. A., Samandar, E., Herbert, A. R., Needham, L. L., & Calafat, A. M. (2005).
Detection of phthalate metabolites in human saliva. Archives of Toxicology, 79, 647—
652. https://doi.org/10.1007/s00204-005-0674-4

Silva, M., Samandar, E., Preaujr, J., Reidy, J., Needham, L., & Calafat, A. (2007). Quantification of
22 phthalate metabolites in human urine. Journal of Chromatography B, 860, 106-112.
https://doi.org/10.1016/j.jchromb.2007.10.023

Sjodin, A., Hagmar, L., Klasson-Wehler, E., Kronholm-Diab, K., Jakobsson, E., & Bergman, A.
(1999). Flame retardant exposure: polybrominated diphenyl ethers in blood from
Swedish workers. Environmental Health Perspectives, 107, 643—-648.
https://doi.org/10.1289/ehp.107-1566483

Sjodin, A,, Jones, R. S., Focant, J.-F., Lapeza, C., Wang, R. Y., McGahee, E. E., Patterson, D. G.
(2004). Retrospective time-trend study of polybrominated diphenyl ether and
polybrominated and polychlorinated biphenyl levels in human serum from the United
States. Environmental Health Perspectives, 112, 654—658.
https://doi.org/10.1289/ehp.112-1241957

Sloan, C. A., Anulacion, B. F., Bolton, J. L., Boyd, D., Olson, O. P., Sol, S. Y., Ylitalo, G. M., &
Johnson, L. L. (2010). Polybrominated Diphenyl Ethers in Outmigrant Juvenile Chinook
Salmon from the Lower Columbia River and Estuary and Puget Sound, Washington.
Archives of Environmental Contamination and Toxicology, 58, 403—414.
https://doi.org/10.1007/s00244-009-9391-y

Southern Resident Orca Task Force. (2018). Report and Recommendations. Retrieved from
https://www.governor.wa.gov/sites/default/files/OrcaTaskForce reportandrecommend
ations 11.16.18.pdf

Specht, I. O., Toft, G., Hougaard, K. S., Lindh, C. H., Lenters, V., Jonsson, B. A. G., Heederik, D.,
Giwercman, A., & Bonde, J. P. E. (2014). Associations between serum phthalates and
biomarkers of reproductive function in 589 adult men. Environment International, 66,
146-156. https://doi.org/10.1016/j.envint.2014.02.002

Stapleton, H. M., Klosterhaus, S., Eagle, S., Fuh, J., Meeker, J. D., Blum, A., & Webster, T. F.
(2009). Detection of Organophosphate Flame Retardants in Furniture Foam and U.S.
House Dust. Environmental Science & Technology, 43, 7490—-7495.
https://doi.org/10.1021/es9014019

Publication 20-04-019 133 July 2020


https://www.governor.wa.gov/sites/default/files/OrcaTaskForce_reportandrecommendations_11.16.18.pdf
https://www.governor.wa.gov/sites/default/files/OrcaTaskForce_reportandrecommendations_11.16.18.pdf

Statista. (2019). Cosmetics Industry in the U.S. - Statistics & Facts. Retrieved from
https://www.statista.com/topics/1008/cosmetics-industry/

Stowaway Cosmetics. (2015). Stowaway Cosmetics and Poshly commissioned a study to explore
women’s makeup habits. Retrieved from https://stowawaycosmetics.com/pages/survey

Strynar, M. J., & Lindstrom, A. B. (2008). Perfluorinated Compounds in House Dust from Ohio
and North Carolina, USA. Environmental Science & Technology, 42, 3751-3756.
https://doi.org/10.1021/es7032058

Sugeng, E. J., de Cock, M., Leonards, P. E. G., & van de Bor, M. (2018). Electronics, interior
decoration and cleaning patterns affect flame retardant levels in the dust from Dutch
residences. Science of The Total Environment, 645, 1144-1152.
https://doi.org/10.1016/].scitotenv.2018.07.127

Suzuki, Y., Niwa, M., Yoshinaga, J., Watanabe, C., Mizumoto, Y., Serizawa, S., & Shiraishi, H.
(2009). Exposure assessment of phthalate esters in Japanese pregnant women by using
urinary metabolite analysis. Environmental Health and Preventive Medicine, 14, 180—
187. https://doi.org/10.1007/s12199-009-0078-9

Swedish Chemicals Agency (KEMI). (2015). Occurrence and use of highly fluorinated substances
and alternatives. Retrieved from
https://www.kemi.se/en/global/rapporter/2015/report-7-15-occurrence-and-use-of-
highly-fluorinated-substances-and-alternatives.pdf

Takao, Y., Lee, H. C., Kohra, S., & Arizono, K. (2002). Release of Bisphenol A from Food Can
Lining upon Heating. Journal of Health Science, 48, 331-334.
https://doi.org/10.1248/jhs.48.331

Takeuchi, S., Anezaki, K., & Kojima, H. (2017). Effects of unintentional PCBs in pigments and
chemical products on transcriptional activity via aryl hydrocarbon and nuclear hormone
receptors. Environmental Pollution, 227, 306—313.
https://doi.org/10.1016/j.envpol.2017.04.059

TCO Certified. (2019). TCO Certified Accepted Substance List. Retrieved from
https://tcocertified.com/accepted-substance-list/

Tefre de Renzy-Martin, K., Frederiksen, H., Christensen, J. S., Boye Kyhl, H., Andersson, A.-M.,
Husby, S., Barington, T., Main, K. M., & Jensen, T. K. (2014). Current exposure of 200
pregnant Danish women to phthalates, parabens and phenols. Reproduction, 147, 443—
453, https://doi.org/10.1530/REP-13-0461

Publication 20-04-019 134 July 2020


https://www.statista.com/topics/1008/cosmetics-industry/
https://stowawaycosmetics.com/pages/survey
https://www.kemi.se/en/global/rapporter/2015/report-7-15-occurrence-and-use-of-highly-fluorinated-substances-and-alternatives.pdf
https://www.kemi.se/en/global/rapporter/2015/report-7-15-occurrence-and-use-of-highly-fluorinated-substances-and-alternatives.pdf
https://tcocertified.com/accepted-substance-list/

Thayer, K. A., Taylor, K. W., Garantziotis, S., Schurman, S. H., Kissling, G. E., Hunt, D., Bucher, J.
R. (2016). Bisphenol A, Bisphenol S, and 4-Hydroxyphenyl 4-Isoprooxyphenylsulfone
(BPSIP) in Urine and Blood of Cashiers. Environmental Health Perspectives, 124, 437—
444, https://doi.org/10.1289/ehp.1409427

The Ecology Center. (2015). Floored by Phthalates. Retrieved from
https://www.ecocenter.org/healthy-stuff/reports/vinyl-floor-tiles

The Home Depot. (2019). Phasing Out Products Containing PFAS. Retrieved from
https://corporate.homedepot.com/newsroom/phasing-out-products-containing-pfas

The NPD Group. (2019). U.S. Prestige Beauty Industry Sales Grow 6 Percent in 2018, Reports
The NPD Group. Retrieved from https://www.npd.com/wps/portal/npd/us/news/press-
releases/2019/u-s--prestige-beauty-industry-sales-grow-6-percent-in-2018--reports-the-
npd-grou

The Washington Materials Management & Financing Authority. (2018). E-Cycle Washington
Standard Plan 2018 Annual Report—Workbook Format. Retrieved from
https://ecology.wa.gov/DOE/files/b4/b4ed98f6-3901-43a8-a18d-bed82e9229da.pdf

Thomson, B. M., & Grounds, P. R. (2005). Bisphenol A in canned foods in New Zealand: An
exposure assessment. Food Additives and Contaminants, 22, 65-72.
https://doi.org/10.1080/02652030400027920

Tian, Z., Kim, S.-K., Shoeib, M., Oh, J.-E., & Park, J.-E. (2016). Human exposure to per- and
polyfluoroalkyl substances (PFASs) via house dust in Korea: Implication to exposure
pathway. Science of The Total Environment, 553, 266—-275.
https://doi.org/10.1016/j.scitotenv.2016.02.087

Toxic Substances Control Act of 1976 15 U.S.C. ch. 53, subch. | §§ 2601-2629 (1976)

Tri-Plex Technical Services Ltd. (2019). Carpet Care. Retrieved from https://www.tri-
plextech.com/carpet-care/

Trudel, D., Horowitz, L., Wormuth, M., Scheringer, M., Cousins, I. T., & Hungerbihler, K. (2008).
Estimating Consumer Exposure to PFOS and PFOA. Risk Analysis, 28, 251-269.
https://doi.org/10.1111/j.1539-6924.2008.01017.x

Tuomainen, A., Seuri, M., & Sieppi, A. (2004). Indoor air quality and health problems associated

with damp floor coverings. International Archives of Occupational and Environmental
Health, 77, 222-226. https://doi.org/10.1007/s00420-003-0481-2

Publication 20-04-019 135 July 2020


https://www.ecocenter.org/healthy-stuff/reports/vinyl-floor-tiles
https://corporate.homedepot.com/newsroom/phasing-out-products-containing-pfas
https://www.npd.com/wps/portal/npd/us/news/press-releases/2019/u-s--prestige-beauty-industry-sales-grow-6-percent-in-2018--reports-the-npd-group/
https://www.npd.com/wps/portal/npd/us/news/press-releases/2019/u-s--prestige-beauty-industry-sales-grow-6-percent-in-2018--reports-the-npd-group/
https://www.npd.com/wps/portal/npd/us/news/press-releases/2019/u-s--prestige-beauty-industry-sales-grow-6-percent-in-2018--reports-the-npd-group/
https://ecology.wa.gov/DOE/files/b4/b4ed98f6-3901-43a8-a18d-be482e9229da.pdf
https://www.tri-plextech.com/carpet-care/
https://www.tri-plextech.com/carpet-care/

Turner, A. (2018). Black plastics: Linear and circular economies, hazardous additives and marine

pollution. Environment International, 117, 308-318.
https://doi.org/10.1016/j.envint.2018.04.036

Underwriter’s Laboratories Inc. (2007). Understanding UL 94 Certifications and Limitations. The

u.S.

u.s.

u.s.

u.s.

u.S.

u.s.

u.s.

u.S.

u.S.

u.S.

Code Authority, 3. Retrieved from https://legacy-uploads.ul.com/wp-
content/uploads/2014/04/ul UL94CertificationsAndLimitations.pdf

Census Bureau. (2018). Computer and Internet Use in the United States: 2016 Retrieved
from https://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-

39.pdf

Consumer Product Safety Commission (CPSC). (2017). Guidance Document on Hazardous
Additive, Non-Polymeric Organohalogen Flame Retardants in Certain Consumer
Products. Federal Register: The Daily Journal of the United States, 82, 45268-45269.

Consumer Product Safety Commission (CPSC). (2019a). The Consumer Product Safety
Improvement Act (CPSIA). Retrieved from https://www.cpsc.gov/Regulations-Laws--
Standards/Voluntary-Standards/Topics/Phthalates/

Consumer Product Safety Commission. (CPSC) (2019b). Flame Retardants. Retrieved from
https://www.cpsc.gov/Business--Manufacturing/Business-Education/Business-
Guidance/flame-retardants

Environmental Protection Agency (EPA). (2009a). Long-Chain Perfluorinated Chemicals
(PFCs) Action Plan. Retrieved from https://www.epa.gov/sites/production/files/2016-
01/documents/pfcs action plan1230 09.pdf

Environmental Protection Agency (EPA). (2009b). Perfluorocarboxylic Acid Content in 116
Articles of Commerce. Retrieved from http://www.oecd.org/env/48125746.pdf

Environmental Protection Agency (EPA). (2009c). Polybrominated Diphenyl Ethers (PBDEs)
Action Plan. Retrieved from https://www.epa.gov/sites/production/files/2015-
09/documents/pbdes ap 2009 1230 final.pdf

Environmental Protection Agency (EPA). (2010a). Bisphenol A Action Plan.

Environmental Protection Agency (EPA). (2010b). Nonylphenol (NP) and Nonylphenol
Ethoxylates (NPEs) Action Plan.

Environmental Protection Agency (EPA). (2011). U.S. EPA. Exposure Factors Handbook 2011
Edition (Final Report). Retrieved from
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252

Publication 20-04-019 136 July 2020


https://legacy-uploads.ul.com/wp-content/uploads/2014/04/ul_UL94CertificationsAndLimitations.pdf
https://legacy-uploads.ul.com/wp-content/uploads/2014/04/ul_UL94CertificationsAndLimitations.pdf
https://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf
https://www.census.gov/content/dam/Census/library/publications/2018/acs/ACS-39.pdf
https://www.cpsc.gov/Regulations-Laws--Standards/Voluntary-Standards/Topics/Phthalates/
https://www.cpsc.gov/Regulations-Laws--Standards/Voluntary-Standards/Topics/Phthalates/
https://www.cpsc.gov/Business--Manufacturing/Business-Education/Business-Guidance/flame-retardants
https://www.cpsc.gov/Business--Manufacturing/Business-Education/Business-Guidance/flame-retardants
https://www.epa.gov/sites/production/files/2016-01/documents/pfcs_action_plan1230_09.pdf
https://www.epa.gov/sites/production/files/2016-01/documents/pfcs_action_plan1230_09.pdf
http://www.oecd.org/env/48125746.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/pbdes_ap_2009_1230_final.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/pbdes_ap_2009_1230_final.pdf
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252

u.S.

u.S.

u.S.

u.S.

u.S.

u.s.

u.s.

u.s.

u.s.

u.s.

Environmental Protection Agency (EPA). (2012). DfE Alternatives Assessment for
Nonylphenol Ethoxylates. Retrieved from
https://www.epa.gov/sites/production/files/2014-06/documents/npe final.pdf

Environmental Protection Agency (EPA). (2014a). Bisphenol A Alternatives in Thermal
Paper. Retrieved from https://www.epa.gov/sites/production/files/2014-
05/documents/bpa_final.pdf

Environmental Protection Agency (EPA). (2014b). Certain Nonylphenols and Nonylphenol
Ethoxylates; Significant New Use Rule, 79, 59186-59195.

Environmental Protection Agency (EPA). (2014c). An Alternatives Assessment for the Flame
Retardant Decabromodiphenyl Ether (DecaBDE). Retrieved from
https://www.epa.gov/sites/production/files/2014-05/documents/decabde final.pdf

Environmental Protection Agency (EPA). (2014d). Municipal Solid Waste Generation,
Recycling, and Disposal in the United States Tables and Figures for 2012. Retrieved from
https://www.epa.gov/sites/production/files/2015-
09/documents/2012 msw_dat_tbls.pdf

Environmental Protection Agency (EPA). (2015a). Bisphenol A Alternatives in Thermal
Paper Hazard Evaluation of Bisphenol A (BPA) and Alternatives. Retrieved from
https://www.epa.gov/sites/production/files/2015-09/documents/bpa ch4.pdf

Environmental Protection Agency (EPA). (2015b). Flame Retardants Used in Flexible
Polyurethane Foam: An Alternatives Assessment Update.

Environmental Protection Agency (EPA). (2015c). Polychlorinated Biphenyls (PCBs).
Retrieved from https://www.epa.gov/sites/production/files/2015-
05/documents/biomonitoring-pcbs.pdf

Environmental Protection Agency (EPA). (2015d). PCBs in Building Materials — Questions &
Answers. p. 1-18. https://www.epa.gov/sites/production/files/2016-
03/documents/pcbs in_building materials questions and answers.pdf

Environmental Protection Agency (EPA). (2017a). Polybrominated diphenylethers (PBDEs).
Significant New Use Rules. Retrieved from https://www.epa.gov/assessing-and-
managing-chemicals-under-tsca/polybrominated-diphenylethers-pbdes-significant-new-
use

Publication 20-04-019 137 July 2020


https://www.epa.gov/sites/production/files/2014-06/documents/npe_final.pdf
https://www.epa.gov/sites/production/files/2014-05/documents/bpa_final.pdf
https://www.epa.gov/sites/production/files/2014-05/documents/bpa_final.pdf
https://www.epa.gov/sites/production/files/2014-05/documents/decabde_final.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/2012_msw_dat_tbls.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/2012_msw_dat_tbls.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/bpa_ch4.pdf
https://www.epa.gov/sites/production/files/2015-05/documents/biomonitoring-pcbs.pdf
https://www.epa.gov/sites/production/files/2015-05/documents/biomonitoring-pcbs.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/pcbs_in_building_materials_questions_and_answers.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/pcbs_in_building_materials_questions_and_answers.pdf
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-diphenylethers-pbdes-significant-new-use
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-diphenylethers-pbdes-significant-new-use
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-diphenylethers-pbdes-significant-new-use

u.S.

u.S.

u.S.

u.s.

u.S.

u.s.

u.s.

u.S.

u.s.

u.S.

Environmental Protection Agency (EPA). (2017b). Technical Fact Sheet-Polybrominated
Diphenyl Ethers (PBDEs). Retrieved from
https://www.epa.gov/sites/production/files/2014-
03/documents/ffrrofactsheet contaminant perchlorate january2014 final 0.pdf

Environmental Protection Agency (EPA). (2018a). 40 CFR 372. Addition of Nonylphenol
Ethoxylates Category; Community Right-to-Know Toxic Chemical Release Reporting.

Environmental Protection Agency (EPA). (2018b). Risk Management for Nonylphenol and
Nonylphenol Ethoxylates. Retrieved from https://www.epa.gov/assessing-and-
managing-chemicals-under-tsca/risk-management-nonylphenol-and-nonylphenol-

ethoxylates

Environmental Protection Agency (EPA). (2019a). Assessing and Managing Chemicals under
TSCA. Retrieved from https://www.epa.gov/assessing-and-managing-chemicals-under-
tsca/risk-management-phthalates

Environmental Protection Agency (EPA). (2019b). Assessing and Managing Chemicals under
TSCA: Polybrominated Diphenyl Ethers (PBDEs). Retrieved from
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-
diphenyl-ethers-pbdes

Environmental Protection Agency (EPA). (2019c). Persistent, Bioaccumulative, and Toxic
(PBT) Chemicals under TSCA Section 6(h). Retrieved from
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/persistent-
bioaccumulative-and-toxic-pbt-chemicals-under

Environmental Protection Agency (EPA). (2019d). Chemical Substances Undergoing
Prioritization: High Priority. Retrieved from https://www.epa.gov/assessing-and-
managing-chemicals-under-tsca/chemical-substances-undergoing-prioritization-high

Environmental Protection Agency (EPA). (2019e). The Frank R. Lautenberg Chemical Safety
for the 21st Century Act: Frequent Questions. Retrieved from
https://19january2017snapshot.epa.gov/assessing-and-managing-chemicals-under-
tsca/frank-r-lautenberg-chemical-safety-21st-century-act-0 _.html#q18

Environmental Protection Agency (EPA). (2019f). America’s Children and the Environment.
Retrieved from https://www.epa.gov/sites/production/files/2019-
10/documents/ace2019-v17s.pdf

Environmental Protection Agency (EPA). (2020). Advanced Notice of Proposed Rulemaking:
Adding Certain PFAS to the TRl Chemical List. Retrieved from
https://www.epa.gov/toxics-release-inventory-tri-program/advance-notice-proposed-
rulemaking-adding-certain-pfas-tri

Publication 20-04-019 138 July 2020


https://www.epa.gov/sites/production/files/2014-03/documents/ffrrofactsheet_contaminant_perchlorate_january2014_final_0.pdf
https://www.epa.gov/sites/production/files/2014-03/documents/ffrrofactsheet_contaminant_perchlorate_january2014_final_0.pdf
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-nonylphenol-and-nonylphenol-ethoxylates
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-nonylphenol-and-nonylphenol-ethoxylates
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-nonylphenol-and-nonylphenol-ethoxylates
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-phthalates
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-phthalates
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-diphenyl-ethers-pbdes
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/polybrominated-diphenyl-ethers-pbdes
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/persistent-bioaccumulative-and-toxic-pbt-chemicals-under
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/persistent-bioaccumulative-and-toxic-pbt-chemicals-under
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/chemical-substances-undergoing-prioritization-high
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/chemical-substances-undergoing-prioritization-high
https://19january2017snapshot.epa.gov/assessing-and-managing-chemicals-under-tsca/frank-r-lautenberg-chemical-safety-21st-century-act-0_.html#q18
https://19january2017snapshot.epa.gov/assessing-and-managing-chemicals-under-tsca/frank-r-lautenberg-chemical-safety-21st-century-act-0_.html#q18
https://www.epa.gov/sites/production/files/2019-10/documents/ace2019-v17s.pdf
https://www.epa.gov/sites/production/files/2019-10/documents/ace2019-v17s.pdf
https://www.epa.gov/toxics-release-inventory-tri-program/advance-notice-proposed-rulemaking-adding-certain-pfas-tri
https://www.epa.gov/toxics-release-inventory-tri-program/advance-notice-proposed-rulemaking-adding-certain-pfas-tri

Vestergren, R., Herzke, D., Wang, T., & Cousins, |. T. (2015). Are imported consumer products an
important diffuse source of PFASs to the Norwegian environment? Environmental
Pollution, 198, 223-230. https://doi.org/10.1016/j.envpol.2014.12.034

Vorkamp, K. (2016). An overlooked environmental issue? A review of the inadvertent formation
of PCB-11 and other PCB congeners and their occurrence in consumer products and in
the environment. Science of The Total Environment, 541, 1463—-1476.
https://doi.org/10.1016/j.scitotenv.2015.10.019

Waldman, J. (2015). The Secret Life of the Aluminum Can, a Feat of Engineering. WIRED.
https://www.wired.com/2015/03/secret-life-aluminum-can-true-modern-marvel/

Wang, Z., Liu, H., & Liu, S. (2017). Low-Dose Bisphenol A Exposure: A Seemingly Instigating
Carcinogenic Effect on Breast Cancer. Advanced Science, 4, 1600-248.
https://doi.org/10.1002/advs.201600248

Wang B., Yao Y., Chen H., ChangS., & Tian Y. (2020). Per- and polyfluoroalkyl substances and
the contribution of unknown precursors and short-chain (C2 — C3) perfluoroalkyl
carboxylic acids at solid waste disposal facilities. Science of The Total Environment, 705,
135 - 832. https://doi.org/10.1016/j.scitotenv.2019.135832

Washburn, S. T, Bingman, T. S., Braithwaite, S. K., Buck, R. C., Buxton, L. W., Clewell, H. J.,
Haroun, L. A,, Kester, J. E., Rickard, R. W., & Shipp, A. M. (2005). Exposure Assessment
and Risk Characterization for Perfluorooctanoate in Selected Consumer Articles.
Environmental Science & Technology, 39, 3904-3910.
https://doi.org/10.1021/es048353b

Washington Materials Management & Financing Authority. (2018). E-Cycle Washington
Standard Plan 2018 Annual Report. Retrieved from
https://ecology.wa.gov/DOE/files/b4/b4ed98f6-3901-43a8-a18d-be482e9229da.pdf

Washington State Department of Ecology (Ecology). (2005). Washington 2004 State Litter Study
Litter Generation and Composition Report. Publication No. 05-07-029. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/0507029.pdf

Washington State Department of Ecology (Ecology). (2006). PBDEs Flame Retardants in
Washington Rivers and Lakes: Concentrations in Fish and Water, 2005-06. Publication
No. 06-03-027. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/0603027.pdf

Washington State Department of Ecology (Ecology). (2010a). Urban Waters Initiative, 2008
Sediment Quality in Commencement Bay. Publication No. 10-03-019. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1003019.pdf

Publication 20-04-019 139 July 2020


https://www.wired.com/2015/03/secret-life-aluminum-can-true-modern-marvel/
https://ecology.wa.gov/DOE/files/b4/b4ed98f6-3901-43a8-a18d-be482e9229da.pdf
https://fortress.wa.gov/ecy/publications/documents/0507029.pdf
https://fortress.wa.gov/ecy/publications/documents/0603027.pdf
https://fortress.wa.gov/ecy/publications/documents/1003019.pdf

Washington State Department of Ecology (Ecology). (2010b). Control of Toxic Chemicals in
Puget Sound Phase 3: Pharmaceuticals and Personal Care Products in Municipal
Wastewater and Their Removal by Nutrient Treatment Technologies. Publication No. 10-
03-004. Retrieved from
https://fortress.wa.gov/ecy/publications/summarypages/1003004.html

Washington State Department of Ecology (Ecology). (2010c). Control of Toxic Chemicals in
Puget Sound - Summary Technical Report for Phase 3 : Loadings from POTW Discharge
of Treated Wastewater. Publication No. 10-10-057. Retrieved from
https://fortress.wa.gov/ecy/publications/summarypages/1010057.html

Washington State Department of Ecology (Ecology). (2011a). Control of Toxic Chemicals in
Puget Sound Phase 3: Data and Load Estimate. Department of Ecology. Publication No.
11-03-010. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/0903015.pdf

Washington State Department of Ecology (Ecology). (2011b). Control of Toxic Chemicals in
Puget Sound: Phase 3: Primary Sources of Selected Toxic Chemicals and Quantities
Released in the Puget Sound Basin. Publication No. 11-03-024. Retreived from
https://fortress.wa.gov/ecy/publications/documents/1103024.pdf

Washington State Department of Ecology (Ecology). (2011c). Background Characterization for
Metals and Organic Compounds in Northeast Washington Lakes, Part 1: Bottom
Sediments. Publication No. 11-03-035. Retrieved from
https://fortress.wa.gov/ecy/publications/SummaryPages/1103035.html

Washington State Department of Ecology (Ecology). (2011d). Control of Toxic Chemicals in
Puget Sound: Characterization of Toxic Chemicals in Puget Sound and Major Tributaries,
2009-10. Publication No. 11-03-008. Retrieved from
https://fortress.wa.gov/ecy/publications/summarypages/1103008.html

Washington State Department of Ecology (Ecology). (2012). PBTs Analyzed in Bottom Fish from
Four Washington Rivers and Lakes: Hexabromocyclododecane, Tetrabromobisphenol A,
Chlorinated Paraffins, Polybrominated Diphenylethers, Polychlorinated Naphthalenes,
Perfluorinated Organic Compounds, Lead, and Cadmium. Publication No. 12-03-042.
Retrieved from https://fortress.wa.gov/ecy/publications/documents/1203042.pdf

Washington State Department of Ecology (Ecology). (2013). Fish Consumption Rates Technical
Support Document. Publication No. 12-09-058. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1209058.pdf

Publication 20-04-019 140 July 2020


https://fortress.wa.gov/ecy/publications/summarypages/1003004.html
https://fortress.wa.gov/ecy/publications/summarypages/1010057.html
https://fortress.wa.gov/ecy/publications/documents/0903015.pdf
https://fortress.wa.gov/ecy/publications/documents/1103024.pdf
https://fortress.wa.gov/ecy/publications/SummaryPages/1103035.html
https://fortress.wa.gov/ecy/publications/summarypages/1103008.html
https://fortress.wa.gov/ecy/publications/documents/1203042.pdf
https://fortress.wa.gov/ecy/publications/documents/1209058.pdf

Washington State Department of Ecology (Ecology). (2014a). Flame Retardants in General
Consumer and Children's Products. Publication No. 14-04-021. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1404021.pdf

Washington State Department of Ecology (Ecology). (2014b). Polychlorinated Biphenyls (PCBs)
in General Consumer Products. Publication No. 14-040-35. Retrieved from
https://fortress.wa.gov/ecy/publications/publications/1404035.pdf

Washington State Department of Ecology (Ecology). (2016a). Quality Assurance Project Plan:
Statewide Survey of Per- and Poly-fluoroalkyl Substances in Washington State Rivers and
Lakes. Publication No 16-03-110. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1603012.pdf

Washington State Department of Ecology (Ecology). (2016b). Brominated Flame Retardants,
Alkylphenolic Compounds, and Hexabromocyclododecane in Freshwater Fish of
Washington State Rivers and Lake. Publication No. 16-03-012. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1603012.pdf

Washington State Department of Ecology (Ecology). (2016c). PBT Chemical Trends Determined
from Age-Dated Lake Sediment Cores, 2015 Results. Publication No. 16-03-046.
Retrieved from https://fortress.wa.gov/ecy/publications/documents/1603046.pdf

Washington State Department of Ecology (Ecology). (2016d). 2015 — 2016 Washington
Statewide Waste Characterization Study. Publication No. 16-07-032. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1607032.pdf

Washington State Department of Ecology (Ecology). (2017). Spokane River PCBs and Other
Toxics at the Spokane Tribal Boundary: Recommendations for Developing a Long-Term
Monitoring Plan. Publication No. 17-03-019. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1703019.pdf

Washington State Department of Ecology (Ecology). (2018). Clark County Local Source Control
Partnership Monitoring, Findings and Recommendations, 2017. Publication No. 18-03-
018. Retrieved from https://fortress.wa.gov/ecy/publications/documents/1803018.pdf

Washington State Department of Ecology (Ecology). (2019a). Draft Per and polyfluoroalkyl
Substances Chemical Action Plan. In progress.

Washington State Department of Ecology (Ecology). (2019b). Freshwater Fish Contaminant
Monitoring Program: 2016 Results. Publication No. 19-03-013. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1903013.pdf

Publication 20-04-019 141 July 2020


https://fortress.wa.gov/ecy/publications/documents/1404021.pdf
https://fortress.wa.gov/ecy/publications/publications/1404035.pdf
https://fortress.wa.gov/ecy/publications/documents/1603012.pdf
https://fortress.wa.gov/ecy/publications/documents/1603012.pdf
https://fortress.wa.gov/ecy/publications/documents/1603046.pdf
https://fortress.wa.gov/ecy/publications/documents/1607032.pdf
https://fortress.wa.gov/ecy/publications/documents/1703019.pdf
https://fortress.wa.gov/ecy/publications/documents/1803018.pdf
https://fortress.wa.gov/ecy/publications/documents/1903013.pdf

Washington State Department of Ecology (Ecology). (2019c). Flame Retardants in Ten
Washington State Lakes, 2017/2018. Publication No. 19-03-021. Retrieved from
https://fortress.wa.gov/ecy/publications/documents/1103024.pdf

Washington State Department of Health (Health). (in prep). The Washington Environmental
Biomonitoring Survey (WEBS). Retrieved from
https://www.doh.wa.gov/DataandStatisticalReports/EnvironmentalHealth/Biomonitorin

g

Washington State Department of Health (Health). (n.d.). Fish Consumption Advisories in
Washington State. Retrieved from
https://www.doh.wa.gov/DataandStatisticalReports/HealthDataVisualization/fishadviso

ry

Washington State Departments of Ecology and Health. (2008). Alternatives to Deca-BDE in
Televisions and Computers and Residential Upholstered Furniture. Publication No. 09-
07-041. Retrieved from
https://fortress.wa.gov/ecy/publications/SummaryPages/0907041.html

Washington State Departments of Ecology and Health. (2015). PCB Chemical Action Plan.
Washington Department of Ecology and Department of Health. Retrieved from
https://fortress.wa.gov/ecy/publications/SummaryPages/1507002.html

Washington, J. W., & Jenkins, T. M. (2015). Abiotic Hydrolysis of Fluorotelomer-Based Polymers
as a Source of Perfluorocarboxylates at the Global Scale. Environmental Science &
Technology, 49, 14129-14135. https://doi.org/10.1021/acs.est.5b03686

Watkins, D. J., McClean, M. D., Fraser, A. J., Weinberg, J., Stapleton, H. M., Sjodin, A., &
Webster, T. F. (2011). Exposure to PBDEs in the Office Environment: Evaluating the
Relationships Between Dust, Handwipes, and Serum. Environmental Health
Perspectives, 119, 1247-1252. https://doi.org/10.1289/ehp.1003271

Wells, B. (2017). Sherwin Williams - Industry overview. In Sherwin-Williams.

Wenzel, A. G., Brock, J. W., Cruze, L., Newman, R. B., Unal, E. R., Wolf, B. J., Somerville, S. E., &
Kucklick, J. R. (2018). Prevalence and predictors of phthalate exposure in pregnant
women in Charleston, SC. Chemosphere, 193, 394-402.
https://doi.org/10.1016/j.chemosphere.2017.11.019

Publication 20-04-019 142 July 2020


https://fortress.wa.gov/ecy/publications/documents/1103024.pdf
https://www.doh.wa.gov/DataandStatisticalReports/EnvironmentalHealth/Biomonitoring
https://www.doh.wa.gov/DataandStatisticalReports/EnvironmentalHealth/Biomonitoring
https://www.doh.wa.gov/DataandStatisticalReports/HealthDataVisualization/fishadvisory
https://www.doh.wa.gov/DataandStatisticalReports/HealthDataVisualization/fishadvisory
https://fortress.wa.gov/ecy/publications/SummaryPages/0907041.html
https://fortress.wa.gov/ecy/publications/SummaryPages/1507002.html

Wild, S., Mclagan, D., Schlabach, M., Bossi, R., Hawker, D., Cropp, R., King, C. K., Stark, J. S.,
Mondon, J., & Nash, S. B. (2015). An Antarctic Research Station as a Source of
Brominated and Perfluorinated Persistent Organic Pollutants to the Local Environment.
Environmental Science & Technology, 49, 103—-112. https://doi.org/10.1021/es5048232

Wilding, B., Crowe, E., Davis, M., Hendricks, S., Robinson, J., & Schade, M. (2010). No Silver
Lining: An Investigation into Bisphenol A in Canned Foods (May). Retrieved from
https://foodpolitics.com/wp-content/uploads/No-Silver-Lining 10.pdf

World Health Organization (WHO). (2004). Integrated Risk Assessment: Nonylphenol Case
Study.

World Health Organization (WHO). (2011). Toxicological Health Aspects of Bisphenol A, Report
of Joint FAO/WHO Expert Meeting. Ottowa.

Wowkonowicz, P., & Kijeriska, M. (2017). Phthalate release in leachate from municipal landfills
of central Poland. PLOS ONE, 12, 1-12. https://doi.org/10.1371/journal.pone.0174986

Wu, D., Mahmood, Q., Wu, L., & Zheng, P. (2008). Activated sludge-mediated biodegradation of
dimethyl phthalate under fermentative conditions. Journal of Environmental Sciences,
20, 922-926. https://doi.org/10.1016/5S1001-0742(08)62187-7

Wu, X. M.; Bennett, D. H.; Calafat, A. M.; Kato, K.; Strynar, M. ., Andersen, E.; Moran, R. E.;
Tancredi, D. J.; Tulve, N. S. . H.-, & Picciotto. (2015). Serum concentrations of
perfluorinated compounds (PFC) among selected populations of children and adults in
California. Environmental Research, 136, 264-273.
https://doi.org/10.1016/j.envres.2014.09.026

Xu, Y., Cohen Hubal, E. A., Clausen, P. A, & Little, J. C. (2009). Predicting Residential Exposure to
Phthalate Plasticizer Emitted from Vinyl Flooring: A Mechanistic Analysis. Environmental
Science & Technology, 43, 2374-2380. https://doi.org/10.1021/es801354f

Yao, Y., Zhao, Y., Sun, H., Chang, S., Zhu, L., Alder, A. C., & Kannan, K. (2018). Per- and
Polyfluoroalkyl Substances (PFASs) in Indoor Air and Dust from Homes and Various
Microenvironments in China: Implications for Human Exposure. Environmental Science
& Technology, 52, 3156-3166. https://doi.org/10.1021/acs.est.7b04971

Ye, X., Wong, L.-Y., Kramer, J., Zhou, X, Jia, T., & Calafat, A. M. (2015). Urinary Concentrations
of Bisphenol A and Three Other Bisphenols in Convenience Samples of U.S. Adults
during 2000-2014. Environmental Science & Technology, 49, 11834—11839.
https://doi.org/10.1021/acs.est.5b02135

Publication 20-04-019 143 July 2020


https://foodpolitics.com/wp-content/uploads/No-Silver-Lining_10.pdf

Yuen, B. B. H,, Qiu, A. B., & Chen, B. H. (2020). Transient exposure to environmentally realistic
concentrations of di-(2-ethylhexyl)-phthalate during sensitive windows of development
impaired larval survival and reproduction success in Japanese medaka. Toxicology
Reports, 7, 200 — 208. https://doi.org/10.1016/j.toxrep.2020.01.009

Zaharias Miller, G., & Olson, L. (2018). More than you Bargained For: BPS and BPA in Receipts.
Ecology Center, 1 —18. Retrieved from https://www.ecocenter.org/healthy-
stuff/reports/receipt-paper-study-2018

Zahid, M., Mazzon, G., Athanassiou, A., & Bayer, I. S. (2019). Environmentally benign non-
wettable textile treatments: A review of recent state-of-the-art. Advances in Colloid and
Interface Science, 270, 216 — 250. https://doi.org/10.1016/j.cis.2019.06.001

Zhang, B., He, Y., Zhu, H., Huang, X., Bai, X., Kannan, K., & Zhang, T. (2020). Concentrations of
bisphenol A and its alternatives in paired maternal—fetal urine, serum and amniotic fluid
from an e-waste dismantling area in China. Environment International, 136, 105-407.
https://doi.org/10.1016/j.envint.2019.105407

Zhao, S., Rogers, M. J., Ding, C., & He, J. (2018). Reductive Debromination of Polybrominated
Diphenyl Ethers - Microbes, Processes and Dehalogenases. Frontiers in Microbiology, 9.
https://doi.org/10.3389/fmicb.2018.01292

Zheng, G., Boor, B. E., Schreder, E., & Salamova, A. (2020). Indoor exposure to per- and
polyfluoroalkyl substances (PFAS) in the childcare environment. Environmental
Pollution, 258. https://doi.org/10.1016/j.envpol.2019.113714

Zhou, D. (2018). Ecotoxicity of bisphenol S to Caenorhabditis elegans by prolonged exposure in
comparison with bisphenol A. Environmental Toxicology and Chemistry, 37, 2560-2565.
https://doi.org/10.1002/etc.4214

Zhou, S. N., Buchar, A,, Siddique, S., Takser, L., Abdelouahab, N., & Zhu, J. (2014).
Measurements of Selected Brominated Flame Retardants in Nursing Women:
Implications for Human Exposure. Environmental Science & Technology, 48, 8873—8880.
https://doi.org/10.1021/es5016839

Zhu, Y., Mapuskar, K. A., Marek, R. F., Xu, W., Lehmler, H.-J., Robertson, L. W., Aykin-Burns, N.
(2013). A New Player in Environmentally Induced Oxidative Stress: Polychlorinated
Biphenyl Congener, 3,3"-Dichlorobiphenyl (PCB11). Toxicological Sciences, 136, 39-50.
https://doi.org/10.1093/toxsci/kft186

Publication 20-04-019 144 July 2020


https://www.ecocenter.org/healthy-stuff/reports/receipt-paper-study-2018
https://www.ecocenter.org/healthy-stuff/reports/receipt-paper-study-2018

Zota, A. R., & Shamasunder, B. (2017). The environmental injustice of beauty: framing chemical
exposures from beauty products as a health disparities concern. American Journal of
Obstetrics and Gynecology, 217, 418.e1-418.e6.
https://doi.org/10.1016/j.ajog.2017.07.020

Zota, A. R,, Calafat, A. M., & Woodruff, T. J. (2014). Temporal Trends in Phthalate Exposures:
Findings from the National Health and Nutrition Examination Survey, 2001-2010.
Environmental Health Perspectives, 122, 235-241.
https://doi.org/10.1289/ehp.1306681

Publication 20-04-019 145 July 2020



Appendix 1: Acronyms

Table 17. Acronyms with definition and CAS number.

This list of CAS numbers is not a comprehensive list of chemicals we are considering for
potential regulation.

Acronym

pg/cm?
Hg/cm?
He/g
ug/kg
ug/L
ug/m?
2,4,6-TBP
ABS
AP/APE
ATSDR
BADGE
BBP
BDE
BPA
BPAF
BPAP
BPB
BPC
BPF
BPP
BPS
BPZ
BTBPE
CAP
cDC
CPSC
DBDPE
DBP
DecaBDE
DEHP
DEHT
DEP
DIBP

Definition Chemical Abstracts
Service (CAS) number
Micrograms per centimeter cubed
Micrograms per centimeter squared
Micrograms per gram
Micrograms per kilogram
Micrograms per liter

Micrograms per meter squared

2,4,6-Tribromophenol 118-79-6
Acrylonitrile butadiene styrene polymers
Alkylphenol/alkylphenol ethoxylate

Agency for Toxic Substances and Disease Registry

Bisphenol A diglycidyl ether Multiple
Benzyl butyl phthalate 85-68-7
Brominated diphenyl ether

Bisphenol A 80-05-7
Bisphenol AF 1478-61-1
Bisphenol AP 1571-75-1
Bisphenol B 77-40-7
Bisphenol C 79-97-0
Bisphenol F 620-92-8
Bisphenol P 2167-51-3
Bisphenol S 80-09-1
Bisphenol Z 843-55-0
1,2-Bis(2,4,6-tribromophenoxy)ethane 37853-59-1
Chemical Action Plan

Centers for Disease Control

Consumer Product Safety Commission

Decabromodiphenyl ethane 84852-53-9
Di-n-butyl phthalate 84-74-2
Decabromodiphenyl ether 1163-19-5
Di(2-ethylhexyl) phthalate 117-81-7
Bis (2-ethylhexyl) terephthalate 6422-86-2
Diethyl phthalate 84-66-2
Diisobutyl phthalate 84-69-5
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Acronym Definition
DIDP Diisodecyl phthalate
DINCH Diisononyl cyclohexandicarboxylate
DINP Diisononyl phthalate
DMP Dimethyl phthalate
DnOP Di-n-octyl phthalate
DPHP Diphenyl-phosphate
DTSC California Department of Toxic Substances Control
EC European Commission
ECHA European Chemicals Agency
EDI Estimated daily intake
EFSA European Food Safety Authority
EHDPP Ethylhexyl diphenyl phosphate
EPA U.S. Environmental Protection Agency
EU European Union
FOX Firefighter occupational exposure
FTOH/FTS  Fluorinated telomer alcohol/sulfonates
GM Geometric mean
HIPS High impact polystyrene
iPCB Inadvertent Polychlorinated Biphenyl
IPTPP Isopropylated triphenyl phosphate
ITRC Interstate Technology & Regulatory Council
kg Kilogram
Kow Octanol—water partition coefficient
LOQ Limit of quantitation
MBzP Mono-benzyl phthalate
MECPP Mono-(2-ethyl-5-carboxypentyl) phthalate
MEHHP Mono (2-ethyl-5-hydroxyhexyl) phthalate
MEHOP Mono-(2-ethyl-5-oxohexyl) phthalate
MEHP Mono(2-ethylhexyl) phthalate
MEP Mono-ethyl phthalate
Me-PFOSA- 2-(N-methyl-perfluorooctane sulfonamido) acetate
AcOH
mg Milligram
mg/kg Milligrams per killigram
MHINP Mono(hydroxyisononyl) phthalate
MINP Monoisononyl phthalate
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68515-49-1 and
26761-40-0
474919-59-0 and
166412-78-8
68515-48-0 and
28553-12-0
131-11-3
117-84-0 and
8031-29-6

1241-94-7

Mutiple
68937-41-7

2528-16-7
40809-41-4
40321-99-1
40321-98-0
4376-20-9
2306-33-4
Multiple

Multiple
Multiple
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Chemical Abstracts
Service (CAS) number

Acronym Definition
MMP Mono-methyl phthalate 4376-18-5
MnBP Mono-n-butyl phthalate
MOINP Mono(oxoisononyl) phthalate Multiple
MPCA Minnesota Pollution Control Agency
ng Nanogram
ng/cm? Nanograms per centimeter squared
ng/g Nanograms per gram
ng/kg Nanograms per kilogram
ng/L Nanograms per liter
ng/m? Nanograms per meter squared
ng/mL Nanograms per milliliter
NGO Non-governmental organization
NHANES National Health and Nutrition Examination Survey
NIEHS National Institute of Environmental Health Sciences
NIOSH National Institute for Occupational Safety and Health
NP/NPE Nonylphenol/nonylphenol ethoxylate (type of APE) Multiple
NTP National Toxicology Program (part of U.S. DHHS)
OctaBDE Octabromodiphenyl ether 32536-52-0
OECD Organisation for Economic Co-operation and
Development
OP/OPE Octylphenol/octylphenol ethoxylate (type of APE) Multiple
PAP Polyfluoroalkyl phosphates
PASF Perfluoroalkane sulfonyl fluorides
PBDEs Polybrominated diphenyl ethers Multiple
PC-ABS Polycarbonate/ABS blends
PCB Polychlorinated biphenyl Multiple
PDFA Perfluorodecanoic acid 335-76-2
PentaBDE  Pentabromodiphenyl ether 32534-81-9
PET Polyethylene terephthalate 25038-59-9
PFAA Perfluoroalkyl acid
PFAS Per- and polyfluoroalkyl substances
PFBA Perfluorobutanoic acid 375-22-4
PFBS Perfluorobutane sulfonic acid 375-73-5
PFCA Perfluoroalkyl carboxylic acid
PFHpA Perfluoroheptanoic acid 375-85-9
PFHxA Perfluorohexanoic acid 307-24-4
PFHxS Perfluorohexane sulfonic acid 355-46-4
PFNA Perfluorononanoic acid 375-95-1
PFOA Perfluorooctanoic acid 335-67-1
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Perfluorooctane sulfonic acid 1763-23-1
Perfluoropentanoic acid 2706-90-3
Perfluoroalkyl sulfonic acid

Parts per billion

Parts per million

Polyvinyl chloride Multiple
Resorcinol bis (diphenyl-phosphate) 57583-54-7
EPA reference dose

Tetrabromobisphenol A 79-94-7
Tricresyl phosphate or tris(methylphenyl)phosphate ~ Multiple
(TMPP)

Tri-n-butyl phosphate 126-73-8
Tris (2-ethylhexyl) trimellitate 3319-31-1
Triphenyl phosphate 115-86-6
2,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-triazine 25713-60-4
Television

Standard for Tests for Flammability of Plastic

Materials for Parts in Devices and Appliances

Wastewater treatment plant

X-ray fluorescence

Publication 20-04-019 149 July 2020



Appendix 2: Exemptions

Under the Safer Products for Washington program, Ecology will not identify the following as
priority consumer products:

o Plastic shipping pallets manufactured prior to 2012;
o Food or beverages;
o Tobacco products;

o Drug or biological products regulated by the United States food and drug
administration;

o Finished products certified or regulated by the federal aviation administration or the
department of defense, or both, when used in a manner that was certified or regulated
by such agencies, including parts, materials, and processes when used to manufacture
or maintain such regulated or certified finished products;

o Motorized vehicles, including on and off-highway vehicles, such as all-terrain vehicles,
motorcycles, side-by-side vehicles, farm equipment, and personal assistive mobility
devices; and

o Chemical products used to produce an agricultural commodity, as defined in RCW
17.21.020.%3

Ecology may identify the packaging of products listed above as priority consumer products.

For an electronic product identified by Ecology as a priority consumer product under this
section, the department may not make a regulatory determination under RCW 70.365.040% to
restrict or require the disclosure of a priority chemical in an inaccessible electronic component
of the electronic product.

63 http://app.leg.wa.gov/RCW/default.aspx?cite=17.21.020
64 http://app.leg.wa.gov/RCW/default.aspx?cite=70.365.040
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Appendix 3: Citation List

Overview

The following citation list was developed to meet the requirements outlined in RCW
70.365.050%° and 34.05.272.% It identifies the peer-reviewed science, studies, reports, and
other sources of information used to support our identification of priority consumer products.

It includes only the references that are also listed above in the references section, but also
identifies each reference by information source. The following are the types of sources used to
support this report:

Peer review is overseen by an independent third party.

Review is by staff internal to Ecology.

Review by persons that are external to and selected by Ecology.

Documented open public review process that is not limited to invited organizations or
individuals.

Federal and state statutes.

Court and hearings board decisions.

Federal and state administrative rules and regulations.

Policy and regulatory documents adopted by local governments.

Data from primary research, monitoring activities, or other sources, but that has not
been incorporated as part of documents reviewed under other processes.

10. Records of best professional judgment of Ecology employees or other individuals.
11. Sources of information that do not fit into one of the other categories listed.

PwwnNpeE

L oo N U;

Citation list

Table 18. References found in this report, categorized by source type.

Citation Category

3M. (2018a). Scotchgard™ Fabric Protector (Cat. No. 4101, 4106). Safety Data
Sheet. Retrieved from

https://multimedia.3m.com/mws/mediawebserver?mwsld=SSSSSuUn zu8I00xM =
X _14x2G0Ov70k17zHvu9IxtD7SSSSSS--

3M. (2018b). Scotchgard™ Rug & Carpet Protector (Cat. No. 4406-17, 4406-14).

Safety Data Sheet. Retrieved from -

https://multimedia.3m.com/mws/mediawebserver?mwsld=SSSSSuUn zu8I00xM
YtSm8 vOv70k17zHvu9IxtD7SSSSSS--

55 https://app.leg.wa.gov/RCW/default.aspx?cite=70.365.050
% https://app.leg.wa.gov/RCW/default.aspx?cite=34.05.272
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https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMYtSm8_vOv70k17zHvu9lxtD7SSSSSS--
https://multimedia.3m.com/mws/mediawebserver?mwsId=SSSSSuUn_zu8l00xMYtSm8_vOv70k17zHvu9lxtD7SSSSSS--
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