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U.S. Consumer Product Safety Commission 
Questions for the Record 

Public Hearing on the Petition Regarding 
Additive Organohalogen Flame Retardants 

Holly Davies, Washington State Department of Ecology 

Chairman Elliot F. Kaye 

1. Supposing that the Commission takes this action and bans these chemicals in 
these four product categories under the Federal Hazardous Substances Act 
(FHSA), how do we identify and avoid the unintended consequences of 
alternatives that may be used in place of these chemicals? Can you foresee issues 
about which the Commission should know now? 

2. Some speakers claimed that they expected that no chemicals would be used as a 
substitute for these flame retardants in at least some of the products. Do you 
agree and why? 

3. Could you please comment on the validity of the structure-activity relationship 
(SAR) method. Can the structure alone be used to determine that these chemicals 
pose the same risks to human health? Are there additional data needed to validate 
these claims? If so, what are they? 

4. In order to treat these chemicals (and any future chemicals that may fall under the 
scope of the petition) as a single class for purposes ofrulemaking, what end point 
or points should be considered? , 

Commissioner Joseph Mohorovic 

1. During the hearing you stated that TBBP A is toxic and is a high risk to children. 
Please provide studies that support your views regarding TBBP A. 

2. Another witness at the hearing cited a study (attached is a copy of the study, 
"Development of toxicity values and exposure estimates for tetrabromobisphenol 
A: application in a margin of exposure assessment," accepted for publication in 
the Journal of Applied Toxicology on January 19, 1995) that shows human 
exposure to the TBBP A is 7 million times below the level associated with 
potential health effects. Do you have any research or data to refute this study? 

3. Do you have data on what non-polymeric additive organohalogen flame retardants 
are in what products? And if so, please provide. 

4. Do you have data on how non-polymeric additive organohalogen flame retardants 
are applied? And if so, please provide. 
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5. Do you have data on the toxicity of all of the non-polymeric additive 
organohalogen flame retardants included in the petition? And if so, please 
provide. 

6. Do you have data on the exposure to different populations of non-polymeric 
additive organohalogen flame retardants? And if so, please provide. 

7. Do you have any studies on the benefits of non-polymeric additive organohalogen 
flame retardants? And if so, please provide. 

8. Of the approximate 16,000 products that CPSC regulates, provide an estimate of 
percentage of those products that would be impacted by a ban on non-polymeric 
additive organohalogen flame retardants? 
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Development of toxicity values and exposure 
estimates for tetrabromobisphenol A: application 
in a margin of exposure assessment 

Daniele Wikoft1*, Chad Thompsonb, Camarie Perrya, Matthew Whitea, 
Susan Borghoff, Lauren Fitzgeralda and Laurie C. Hawsa 

ABSTRACT: Tetrabromobisphenol A (TBBPA) is used in a diverse array of products to improve fire safety. The National Toxicology 
Program (NTP) recently completed a 2-year bioassay for TBBPA. The objective of the present study was to develop a cancer-based 
and a non-cancer based toxicity value and to compare such to appropriate estimates of human exposure. Data from the NTP 2-year 
and 1 3-week studies were selected to develop candidate toxicity values. Benchmark dose modeling and subsequent evaluation of 
candidate values resulted in selection of an oral reference dose (Rm) of 0.6 mg kg-1 day-1 based on uterine hyperplasia in rats and 
an oral cancer slope factor (OSF) of 0.00315 per mg kg-1 day-1 based on an increased incidence of uterine tumors in rats. Lifetime 
average daily dose (LADD) estimates ranged from 2.2 E-7 to 3.9 E- 11 mg kg-1 day-1 based on age-adjusted exposures to TBBPA via 
breast milk consumption, dietary Intake, soil/dust Ingestion and drinking water Ingestion In Infants, young children, older children 
and adults. Average daily dose (ADD) estimates ranged from 3.2 E - 7 to 8.4 E-5 mg kg- 1 day-1

• Resulting margin of exposure (MOE) 
values were > 800 000 for non-cancer endpoints and > 32 000 000 for cancer-based endpoints. These data collectively indicate a 
low level of health concern associated with exposures to TBBPA based on current data. It is anticipated that the exposure estimates, 
along with the toxicity values described within, should be informative for understanding human health hazards associated with 
TBBPA. Copyright © 2015. The Authors. Journal of Applied Toxicology Published by John Wiley & Sons Ltd. 

Q Additional supporting information may be found in the online version of this article at the publisher's web-site. 

Keywords: TBBPA; flame retardant; toxicity value; RfD; cancer slope factor; margin of exposure 

Introduction 
Tetrabromobisphenol A (TBBPA) is the most widely produced and 
used brominated flame retardant, primarily because of its effec­
tiveness and low hazard profile (BSEF, 2012). It is used to improve 
fire safety in a wide variety of consumer products. TBBPA· 
containing polymers are used in epoxy and polycarbonate resins, 
as well as in acrylonitrile-butadiene--styrene (ABS) and phenolic 
resins, which are ultimately used in products such as printed cir­
cuit boards, communications and electronics equipment, appli· 
ances, transportation devices, sports and recreation equipment, 
automotive parts, pipes and fittings (Birnbaum and Staskal, 
2004; BSEF, 2012). TBBPA is primarily used as a reactive compo­
nent, as well as an additive flame retardant in a limited number 
of applications. Although TBBPA is generated by the bromination 
of bisphenol A (BPA), it is important to note that this bromination 
results in a compound with very different chemical and physical 
properties, as well as different toxicities than BPA. Additionally, 
there is currently no evidence of dehalogenation of TBBPA to 
BPA in vivo; recent toxicokinetic studies of TBBPA do not report 
on BPA as a measurable metabolite of TBBPA (Knudsen et a/., 
2014). TBBPA can be released to the environment via various 
mechanisms, including during manufacture and production, use 
of TBBPA·containing products and recycling of TBBPA-containing 
products. Once in the environment, TBBPA generally distributes 
to the soil and sediment; it has low to moderate water solubility, 
a low vapor pressure and a moderately high octanol/water parti· 
tion coefficient (de Wit, 2002). 

TBBPA has been detected in human serum samples in both occu· 
pational and non-occupational settings, as well as in breast milk, 
demonstrating that the compound is absorbed in humans after ex· 
posure (Jakobsson eta/., 2002; Sjodin et al., 2003; Shi eta/. 2013). A 
large number of studies have reported TBBPA in media associated 
with human exposure, including soil, foodstuffs and, to a lesser ex­
tent, water and air (EU, 2006; Health Canada, 2013; Colnot et a/., 
2014). As a result of the potential for widespread exposure, and ev· 
idence of potentially increasing trends, there has been increasing in­
terest in characterizing potential hazards. Toxicity data in humans 
are limited to dermal irritation studies (NTP, 2002) and a recent re-­
port of a weak correlation between serum concentrations and thy­
roid hormones in a cross-sectional evaluation (Kim and Oh, 2014). 

Many laboratory studies have been conducted with TBBPA and 
key findings reported in these studies include the following: (1) a 
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lack of reproductive and developmental toxicity in a guideline­
based two-generation study (including developmental neurotoxic­
ity), (2) a lack of adverse findings in a guideline-based 90-day 
study, and (3) a lack of genotoxicity and mutagenicity in standard 
assays (Schroeder, 2002a, 2002b, 2003; EU, 2006; Williams and 
DeSesso, 201 0; NTP, 2013; Health Canada, 2013). However, a 
number of repeated dose studies in the peer-reviewed literature 
have reported associations between TBBPA exposure and hepa­
totoxicity, body weight changes, endocrine disruption, nephro­
toxicity, neurotoxicity and developmental toxicity in rodents 
(Sato et a/., 1996; Szymanska et a/., 2000; Fukuda et a/., 2004; 
Germer et a/., 2006; Tada et a/., 2006, 2007; Lilienthal et a/., 
2008; Van der Ven et a/., 2008; lmai et a/., 2009; Saegusa et a/., 
2009, 2012; Dechert et al., 2010; Watanabe eta/., 2010; Zatecka 
et a/., 2013). Most recently, the National Toxicology Program 
(NTP) released findings from a 2-year animal bioassay for TBBPA, 
that included both cancer and non-cancer data in rats and mice 
(NTP, 2013). Data from this bioassay indicated that chronic ad­
ministration of TBBPA at very high doses (up to 1000 mg kg_, 
day-1

) resulted in uterine tumors in female rats (classified as 
equivocal evidence) and liver tumors in male mice (classified as 
some evidence), as well as a number of non-neoplastic effects 
(e.g. hyperplasia). 

Currently, there is only a single toxicity value available for TBBPA 
-the UK Committee on Toxicity (con developed a tolerable daily 
intake of 1 mg kg-1 day-1 in 2004 as part of an assessment in 
which the COT concluded that TBBPA did not raise specific toxico­
logical concerns (COT, 2004). Three other agencies have con­
ducted health-based assessments that utilized theee margin of 
exposure (MOE) approach for evaluating TBBPA, although these 
agencies did not develop toxicity or health-based values as part 
of these efforts (EU, 2006; EFSA, 2011; Health Canada, 2013). Health 
Canada, the European Food Safety Authority (EFSA) and the 
European Union (EU) reviewed available toxicity data, selected 
critical effect levels from laboratory studies, and then compared 
such to modeled or calculated estimates of human exposure. 
The findings of all three regulatory assessments were similar, 
acceptable MOE values were obtained, regardless of exposure 
scenario and receptor (e.g. infant and adult). Recently, Colnot 
et. a/. (2014) published findings of an independent evaluation of 
TBBPA toxicity and exposure. Similar to the approach used by 
EFSA, Health Canada and the EU, these authors conducted an 
MOE assessment, the results of which indicated that exposure 
were below the derived-no-effect-levels for endpoints of potential 
concern in REACH. Notably, these assessments all relied on data on 
non-cancer endpoints as there were no data characterizing carci­
nogenicity at the time that these assessments were conducted. 

Given that a number of relevant toxicity studies have become 
available since the development of the tolerable daily intake 
(TDI) by the COT almost a decade ago, including carcinogenicity 
data recently released by the NTP, the first objective of the current 
study was to review the available toxicity data to develop both 
cancer and non-cancer toxicity values for TBBPA. The second ob­
jective was to quantitatively characterize potential consumer ex­
posures to TBBPA. And finally, the third objective was to conduct 
a margin of exposure (MOE) assessment. Specifically, we compared 
the points of departure (PODs) selected for use in the develop­
ment of the cancer and non-cancer toxicity values to conservative 
estimates of potential exposure for infants, young children, older 
children and adults. Margin of safety (MOS) values are also pre­
sented. It is anticipated that the exposure estimates, along with 
the toxicity values described herein, should be informative for risk 
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assessors and regulators interested in characterizing human health 
hazards associated with TBBPA. 

Materials and methods 

Development of toxicity values 

Toxicity values were developed for both cancer and non-cancer 
endpoints associated with chronic, oral exposure to TBBPA as de­
scribed below. 

Toxicity data selection. As no human data are available to charac­
terize the toxicity of TBBPA, published peer-reviewed studies and 
select unpublished studies reporting findings in laboratory animals 
were used to develop toxicity values. A literature search was con­
ducted to identify relevant publications. To be considered, a study 
had to have a quality and reliability rating equivalent to a Klimisch 
score of K1 or 1<2 (Kiimisch eta/., 1997), and the study design had to 
incorporate the following minimum parameters: in vivo study, mul­
tiple dose levels, repeated dosing, mammalian species ·and rele­
vant route of exposure. Only studies which specifically evaluated 
the toxicity of TBBPA were considered in this assessment; studies 
focused on the potential toxicity of metabolites were not consid­
ered. Copies of the unpublished studies were provided directly 
by the study sponsors (note: these data are also summarized by 
EU 2006; Col not et a/., 2014). Data from the chronic NTP bioassay 
were obtained directly from the study report (NTP, 2013). Key stud­
ies considered by the EU, EFSA and Health Canada (EU, 2006; EFSA, 
2011; Health Canada, 2013) were also included in the data selec­
tion process. A database was generated to summarize key study 
information from these various sources, such as dose levels, effects 
evaluated and most sensitive findings These study data were then 
thoroughly reviewed to identify studies with the most robust, con­
sistent, as well as the most sensitive, findings related to cancer and 
non-cancer. Specific datasets were subsequently selected for use 
in the development of PODs and toxicity factors for cancer and 
non-cancer endpoints 

Dose-response modeling and POD development. Dose-response 
modeling was conducted on selected cancer and non-cancer 
datasets using US EPA's Benchmark Dose Software (BMDS) v.2.4. 
The standard software suites for continuous and dichotomous 
models were used for dose-response analysis. For dichotomous 
datasets, a benchmark response (BMR) of 10% extra risk was used 
to obtain benchmark dose (BMD10) values along with the 95% 
lower confidence limits (BMDL1ol, consistent with US EPA recom­
mendations (USEPA, 2012). For continuous datasets, the BMR 
was set to 1 standard deviation in order to obtain (BMD,sol and 
(BMDL150) values (USEPA, 2012). Model fits were judged accept­
able using the criteria of a P-value, visual inspection and scaled re­
siduals. Afterwards, acceptable models were compared using the 
Akaike information criterion (AIQ, where the lowest AIC was fa­
vored. The resulting BMDL10 and BMDL150 values were identified 
as PODs for the respective datasets. Where necessary, the expo­
sure concentrations were adjusted for duration of exposure prior 
to dose-response modeling. 

Toxicity value derivation. Oral cancer slope factor (OSF) values 
were derived for cancer-based endpoints using allometrically 
scaled BMDL10 values (USEPA, 2005). Considering the limited 
MOA data available at this time, only linear multistage cancer 
models were utilized per US EPA recommendations (US EPA, 2012). 

J. Appl. Toxicol. 2015; 35: 1292-1308 Copyright~ 2015 The Authors. Journal of Applied Toxicology 
published by John Wiley & Sons Ltd. 
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Reference dose (RfD) values were derived for non-cancer end­
points by adjusting each BMDL value to a human equivalent dose 
(HED) by allometric scaling. Each HED value was subsequently di­
vided by applicable uncertainty factors (as appropriate) consistent 
with typical US EPA recommendations (USEPA, 2002): 

Equation 1 RfD Derivation 

where, 

RfD =Reference dose (mg kg- 1 day-1); 

HED =Human Equivalent Dose (mg kg-1 day-\ 
UFA =uncertainty factor for interspecies variation (unitless); 
UFH = uncertainty factor for intraspecies variation (unitless); 
UF5 = uncertainty factor for subchronic-to-chronic extrapolation 
(unitless); 
UFL = uncertainty factor for LOAEL-to-NOAEL extrapolation 
(unitless); and; 
UF0 = uncertainty factor for database deficiencies (unitless). 

Development of estimates of potential exposure 

Exposure to TBBPA was characterized by calculating a total daily 
intake for consumers (i.e. non-occupational) based on oral expo­
sure to TBBPA via the diet, infant breast milk consumption, drink­
ing water and soil/dust ingestion. Dermal exposure was not 
assessed as data are limited for this endpoint, and previous assess­
ments have demonstrated that intake associated with dermal ex­
posure is negligible (EU, 2006). Estimates of intake were 
calculated using concentrations of TBBPA in these media in stan­
dard intake equations for three scenarios: (1) central tendency, 
(2) upper bound and (3) regulatory default. These scenarios were 
selected to demonstrate a range of possible exposure estimates 
that reflect exposures from the most plausible scenario for the 
general consumer population (central tendency), a plausible 
upper-end for the general consumer population (upper bound) 
and a reasonable worst-case exposure (regulatory default). The 
central tendency and upper bound scenarios are generally based 
on reasonable media concentrations and the most up-to-date ex­
posure parameters, where as the regulatory default scenario is 
based on regulatory default exposure parameters (e.g. USEPA de­
fault consumption rates), and maximum media concentrations 
(where reported). For each of the exposure scenarios, adult, older 
children, young child and infant age groups were evaluated, and 
intake estimates were presented both as an average daily dose 
and a lifetime average daily dose (for use in non-cancer and cancer 
comparisons, respectively). 

Media concentration data selection. Concentrations of TBBPA in 
the diet, breast milk, water, and soil/dust were characterized 
using data from the published literature and government docu­
ments. Summary data presented by the EU (2006) and Health 
Canada (2013) were used as a preliminary guide to characteriz­
ing media concentrations, followed by a comprehensive litera­
ture search to identify additional relevant publications 
published through to August 2013. To be considered for inclu­
sion, a study had to be available in English, have a quality and 
reliability rating equivalent to a K1 or K2 (Kiimisch et a/., 1997), 
and had to include an adequate description of sampling 
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locations, methodologies and resulting data (including descrip­
tion of how non-detect data were handled). Additionally, studies 
had to be representative of chronic exposure (Benford et a/., 
2010). A database was generated to summarize key study infor­
mation from these various sources, such as media type, location, 
number of samples and range of concentrations. These study 
data were then reviewed to identify key studies for use in devel­
oping relevant, conservative (although still plausible) and worst­
case media concentrations for use in developing exposure esti­
mates for TBBPA. 

Daily intake calculations. Daily intake was calculated using two 
approaches. Per standard practice, an average daily dose (ADD) 
was generated for use in non-cancer evaluations and a lifetime av­
erage daily dose (LADD) was generated for use in cancer evalua­
tions (EFSA, 2011; USEPA, 1991, 1992). This allowed for 
assessment of various age groups separately in the non-cancer as­
sessment, whereas the cancer-based evaluations were based on 
an age-adjusted scenario with exposures combined across age 
groups. Table 1 provides the exposure parameters used in the cal­
culation ADD and LADD for the various scenarios. The equations 
for infant breast milk exposures were based on those used by 
the EU (2006) to calculate the average daily uptake for a 
breastfeeding infant aged 0-3 months, 4-12 months, as well as 
0- 12 month average. Drinking water, soiVdust and age-adjusted 
equations were based ingestion equations used by the USEPA 
(2013) in developing regional screening levels. Equations used in 
the calculation of the ADD, LADD and age-adjusted values are pro­
vided in the Supporting Information. 

ADD estimates for each scenario (central tendency, upper 
bound, and regulatory default) were generated for o- to 3-
month-old infants, 4- to 12-month-old infants, 0- to 12-month­
old infants, young children (1-< 6 years), older children (6- < 16 
years) and adults. The 0- to 3-month-old ADD was based solely 
on exposure to TBBPA via breast milk. The 4- to 12-month old in­
fant ADD was based on exposure to TBBPA via breast milk and 
soil/dust (assumes child is crawling). Owing to the low limits of de­
tection of TBBPA in food, combined with the low intake of meat 
and fish relative to vegetables, fruits and grain products by infants 
and the lack of data characterizing concentrations of TBBPA in 
baby food, the authors chose to exclude the potential exposure 
of infants to dietary sources on the basis given the general lack 
of sufficient data. The young child, older child and adult exposures 
are based on the cumulative exposure to TBBPA in the diet, 
soil/dust and drinking water. LADD estimates were generated for 
each scenario (central tendency, upper bound and regulatory de­
fault) based on an age-adjusted, combined exposure to TBBPA 
from breast milk, soil/dust, diet and drinking water. 

Margin of exposure and margin of safety calculations 

Margin of exposure (MOE) and margin of safety (MOS) estimates 
were generated using standard approaches. By definition, the 
MOE is a quantitative measure between the dose associated 
with a small increase in adverse effect and the level of exposure. 
MOE estimates were derived by dividing the points of departure 
for cancer and non-cancer endpoints by the LADD or ADD, re­
spectively. MOS is often associated with variable definitions; in 
t his paper, the MOS is similar to MOE, except exposure is com­
pared with doses associated with the toxicity values (Eqn 2), 
which are inherently calculated to represent safe levels of 
exposure associated with cancer and non-cancer effects. For 

wileyonlinelibrary.com/journal/jat Copyright <0 2015 The Authors. Journal of Applied Toxicology 
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!- d )> Table 1. Exposure parameters 
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~ 

[ "' Parameter Tendency Reference Bound Reference Default Reference 
:::1 
a. 

"' 
11) 
X 

~ Averaging Time u 
.!-!' 0 

Averaging time, adult, 5,110 d USEPA 2013 5,110 d USEPA 2013 5,110 d USEPA2013 "' "" c: 
~ 

non-carcinogenic til 
;;:; n 

"' Averaging time, older 3,650 d USEPA 2013 3,650 d USEPA 2013 3,650 d USEPA2013 ~ 

"' "' .!.. child non-carcinogenic iil 
w ~ 
0 Averaging time, young 1,825 d USEPA 2013 1,825 d USEPA 2013 1,825d USEPA2013 ~ 00 

child, non-carcinogenic 
N. 

"' .... 
Averaging time, carcinogenic 28,470 d USEPA 2011 28,470 d USEPA 2011 25,550d USEPA 1991 

,,. 
:::1 

('\ 
(assumes 78 yr (assumes 78 yr Q' 

0 lifetime) lifetime) --i 
~ c.o 

Averaging time, infant 91 d USEPA 2013 91 d USEPA 2013 91 d USEPA2013 c.o 
~· -o 
~ (Q-3 months) )> 

., 6 Averaging time, infant 274d USEPA 2013 274d USEPA 2013 274d USEPA2013 
c: "' g: g (4-12 months) v;· V't 

:::r;j Body Weight 
~II> Body weight, adult 70 kg USEPA 2013 70 kg USEPA 2013 70 kg USEPA 1991 o-)> 

~s Body weight, older child 44 kg USEPA 2011 44kg USEPA 2011 45 kg USEPA2000 0 :::T 
· :::T 0 (6 to < 16 years) ::> Vl 
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:;;, milk, age-adjusted kg-d Q-3 mos and kg-d Q-3 mos and kg-d mos and infant 
>~ 

i'D infant 4-12 mos infant 4-12 mos 4-12 mos --o ~ 
~ Drinking Water Consumption Rate --o ~ :!.. :;· Consumption rate of drinking 1.04 Ud 2.96Ud 

-· o 
USEPA 2011 USEPA 2011 2Ud USEPA 1989 ro ..... 

!!1.. CL 
0' water, adult a-Dl 
~ Consumption rate of drinking 0.47 Ud USEPA 2011 1.57 Ud USEPA 2011 2Ud USEPA 1997 
8 water, older child !5. s Consumption rate of drinking 0.31 Ud USEPA 2011 0.92 Ud USEPA 2011 1 Ud USEPA2000 a g 

water, young child -3 0 
"' ~ .s (Continues) ~ 
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3 water, age-adjusted kg-d adolescent. kg-d adolescent, kg-d adolescent, and a ~ 
0 and child and child child c -3 Soil and Dust Consumption Rate ~ "' .s Consumption rate of soil and 50 mg/d USEPA 2011 50 mg/d USEPA 2011 100 mg/d USEPA 1991 !!: 

dust, adult 
Consumption rate of soil and 32.8 mg/d Kirman et al. 2011 92.2 mg/d Kirman et a/., 2011 200 mg/d USEPA 1991 
dust, older child 
Consumption rate of soil and 32.8 mg/d Kii-man et al. 2011 92.2 mg/d Kirman eta/., 2011 200 mg/d USEPA 1991 

n 
dust. young child 0 

"0 
~ Consumption rate of soil and 38.2 mg/ Based on adult, 63.6 mg! Based on adult, 136 mg/ Based on adult, .c· 
;;; dust, age-adjusted yr-kg-d adolescent, child, yr-kg-d adolescent. child, yr-kg-d adolescent. child, 

"0 t'il and infant and infant and infant 
c"' g:g 4-12 mos 4-12 mos 4-12 mos v;· Vl 

~:;I Exposure Duration 
o...,. 

Exposure duration, adult, 14yr USEPA2013 14 yr USEPA 2013 14 yr USEPA2013 CT;> 
'< c non- carcinogenic '--
0 ~ 
~0 Exposure duration, older 10 yr USEPA 2013 10 yr USEPA 2013 10 yr USEPA2013 ::> V! 
=E'- child, non-carcinogenic - · 0 iDC: 

Exposure duration, young 5 yr USEPA 2013a 5 yr USEPA 2013a 5 yr USEPA2013a '< 3 
!(09_ 

child, non-carcinogenic \flo 
0 .... 

Exposure duration, infant 0.25 yr USEPA 2013 0.25 yr USEPA 2013 0.25 yr USEPA2013 ::> ):. 
"'"<:> ,., 

(0-3 months) ~[ 
Exposure duration, infant 0.75 yr USEPA 2013 0.75 yr USEPA 2013 0.75 yr USEPA2013 

C} 
~- (4-12 months) 
0 Exposure Frequency 
~ Exposure frequency 365 d/yr USEPA2003 365 d/yr USEPA 2003 365 d!yr USEPA2003 

Other 
Absorbed fraction of 1 Default 1 Default 1 EU 2006 

!-
ingested TBBPA 

):. Fraction of fat in breast 0.04 kg fat/ USEPA 2011 0.04 kg fat/ USEPA 2011 0.04kg fat/ USEPA 2011 :g 
milk kg milk Table 15-1 kg milk Table 15-1 kg milk Table 15-1 ,..... 

C} Total dietary intake, 46yr Based on adult, 46 yr Based on adult, 48yr Based on adult. 
!S. 
8 age-adjusted adolescent. adolescent, adolescent, 
:--

"' and child and child and child 
~ 
.!-!' "Young child exposure duration changed from 6 years (USEPA 2013) to 5 years herein since infant is evaluated separately. 

H 
IAI 
~ CTE, central tendency exposure; d, day; kg, kilogram; kg/d, kilogram per day; kg-yr/kg-d, kilogram-year per kilogram-day, I, liter, :1/d, liter per day; 1-yr!kg-d, liter-year per kilogram-day; mg, ;::; 
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the cancer assessment, the MOS was evaluated by comparing 
the risk specific dose (RSD) associated with 1 o-6

, 1 o-s and 
1 o-4 risk levels (i.e. acceptable risk levels in a regulatory frame ·· 
work) to the estimates of potential exposure, as represented 
by the LADD. For the non-cancer assessment, MOS was evalu­
ated by comparing the RfD to the estimates of potential expo­
sure, as represented by the ADD. 

Results 
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Approximately 20 studies [were thoroughly reviewed and consid­
ered for use as critical studies in the development of toxicity values 
for TBBPA (Szymanska, 1995; Sato et a/., 1996; Szymanska et a/., 
2000; Schroeder, 2002a, 2002b, 2003; Fukuda et a/., 2004; Germer 
et a/., 2006; Tada eta/., 2006, 2007; Verwer et a/., 2007; Lilienthal 
eta/., 2008; van der Ven eta/., 2008; lmai eta/., 2009; Kang eta/., 
2009; Saegusa eta/., 2009, 2012; Decherf eta/., 201 0; NTP, 2013)]. 
These represented studies from the peer review literature, unpub­
lished guideline studies and data from the recent NTP 2-year bio­
assay. Five of these studies were guideline studies or otherwise 
equivalent to a Klimisch quality and reliability score of K1 (Kiimisch 
et al., 1997; Schroeder 2002a, 2002b, 2003; Verwer eta/., 2007; Van 
der Veneta/., 2008; NTP, 2013). The remaining studies included in 
the database were assigned a Klimisch score of K2 (see Supple­
mental Table 1 provided as supporting information for scoring ra­
tionale). Several studies in the literature were not included for 
consideration as the study design and/or reporting did not meet 
minimum criteria. For example, Zatecka et a/. (2013) was initially 
reviewed, but was not selected for inclusion in the database owing 
to significant limitations in study design (e.g. single dose, uncer­
tainty in dose estimation, non-traditional exposure paradigm, etc.). 

The peer-review and unpublished studies reviewed represented 
various routes of administration (i.e. oral gavage, diet, water and in­
traperitoneal), a wide range in durations of exposure (e.g. short ex­
posure during a specific developmental window, 2 years etc.), and 
a diversity of endpoints. Exposure to TBBPA in these laboratory 
studies resulted in reports of neurotoxicity (primarily developmen­
tal neurotoxicity), reproductive and developmental toxicity, renal 
toxicity, hepatic toxicity, endocrine disruption and carcinogenicity 
(note: conflicting findings were observed for several of these ef­
fects across studies). 

After consideration of all of the available data, it was deter­
mined that the recent NTP Toxicological Review of TBBPA was 
of the highest quality and relevance for the characterization of 
toxicity and development of chronic toxicity values for cancer 
and non-cancer endpoints due to the robustness of the study 
design and duration of exposure. In the 2-year study (the only 
such study conducted to date), rats and mice of both sexes were 
exposed via oral gavage to 0, 250, 500 and 1000 mg kg_, day_,. 
Endpoints assessed included body weight, survival, general clin­
ical observations, neoplastic lesions and non-neoplastic lesions. 
NTP also conducted a 13-week study that evaluated many of 
the same endpoints as the 2-year bioassay and also included 
an evaluation of thyroid hormones as part of a clinical chemistry 
panel. Thus, endpoints carried forward for further evaluation as 
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candidate endpoints in the development of cancer and non­
cancer PODs and toxicity factors included all lesions associated 
with a statistically significant, positive dose response relationship 
in the NTP studies. As further discussed below, non-neoplastic 
effects included forestomach lesions in male and female mice, 
renal tubule and liver lesions in male mice, and uterine hyper­
plasia and rete ovarian cysts in female rats, as well as decreases 
in T4 in male and female rats. Neoplastic lesions further evalu­
ated included liver tumors in male mice and uterine tumors in 
female rats. 

Developmental and reproductive toxicity data reported by 
Fukuda et a/. (2004), Tada et a/. (2006) and Schroeder (2002b, 
2003) were also carefully reviewed with respect to selection of a 
critical endpoint to characterize non-cancer toxicity of TBBPA, as 
such adversities could Indicate the potential for a sensitive window 
of exposure. Fukuda eta/. (2004) reported polycystic lesions asso­
ciated with dilation of the renal tubules in newborn rats after expo­
sure to high doses ofTBBPA via gavage from postnatal day (PND) 
4-21; although in a further investigation of the renal tubule dila­
tion by the study authors, 5-week old rats exposed to 0, 2000 or 
6000 mg kg-1 day_, for 18 days exhibited no histopathological al­
terations in the kidney. Tada et a/. (2006) reported renal and he­
patic toxicity in murine offspring after pre- and postnatal 
maternal exposures to TBBPA in the diet (GOO- PND 21, estimated 
doses ranging from 16 to 4156 mg kg-1 day-1

); although no 
treatment-related effects were observed for reproductive end­
points. When these findings were considered along with those 
from a guideline two-generation study in rats (Schroeder 2002b, 
2003), the data collectively indicate that developmental exposures 
to TBBPA do not result in functional adversities. In the two­
generation study, no histopathological effects were observed in 
the kidneys of the adult F0 and F1 animals, and no treatment­
related effects were observed in F, or F2 pups (i.e. body weight, 
clinical findings, sex ratios, survival to weaning, macroscopic find­
ings or organ weight data). As such, the developmental toxicity 
data reported by Fukuda et a/. (2004) and Tada et a/. (2006) were 
not carried forward as critical datasets for consideration in the de­
velopment of a non-cancer toxicity factor. 

Cancer-based points of departure and toxicity value 

In the NTP (2013) 2-year bioassay (the only such study available), 
TBBPA was associated with an increased incidence of uterine tu­
mors in Wistar Han rats and an increase in the incidence of 
hepatoblastoma in male B6C3F1/N mice. The NTP study authors 
characterized the level of evidence for these two tumor types as 
'clear evidence' and 'some evidence', respectively. Upon detailed 
review of the hepatoblastoma data reported in male mice, it was 
observed that the overall dose-response was weak, as evidenced 
by the marginal significance of the trend test (P = 0.07). In addition, 
the NTP report indicated that the hepatoblastomas 'were often 
found adjacent to, or arising from, hepatocellular adenomas and 
carcinomas' (NTP, 2013). This is notable considering that the num­
bers of male mice with hepatocellular adenomas or carcinomas 
did not differ between treated and control animals (Table 2). Im­
portantly, the NTP study authors also noted that hepatocellular 
adenoma, hepatocellular carcinoma and hepatoblastoma are 'con­
sidered to represent a biological and morphological continuum' 
(NTP, 2013). In fact, a review article co-authored by several NTP 
authors (Turusov et a/., 2002) stated: 'Because hepatoblastomas 
frequently appear to arise within hepatocellular adenomas and 
hepatocellular carcinomas, it is reasonable to combine the 
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Table 2. Summary of liver tumors observed in male mice 
(NTP, 2013) 

0 2SO soo 
Liver Tumor Type mglkg mg/kg mg/kg 

Hepatocellular 39/SO 39/SO 43/SO (P=0.2)a 
adenoma 
or carcinoma 
Hepatoblastoma 2/SO 11 /SO (P=0.007) 8/50 (P=O.OS) 
Hepatocellular 39/SO 42/SO (P=0.22) 43/SO (0.1S) 
adenoma, 
hepatocellular 
carcinoma, 
or hepatoblastoma 

•P-values for one-sided Fisher's Exact Test. 

incidence of mice with hepatoblastomas with the incidence of 
mice with hepatocellular adenomas and hepatocellular carcino­
mas in an overall evaluation for hazard identification studies'. 

Other sources also support combining hepatoblastomas, hepa­
tocellular adenomas and hepatocellular carcinomas (e.g. Brix 
eta/., 2010). We, therefore, examined the individual animal data 
in the NTP (2013) report to score the incidence ofthe three afore­
mentioned tumor types- treating each tumor type as if it were a 
single type (thus not double counting). The resulting incidences 
of the combined tumors were 39/50, 42/SO and 43/SO, respec· 
tively, in the 0, 2SO and SOO mg kg-1 groups (note: the NTP did 
not consider findings from the highest dose group owing to a sig­
nificant decrease in survival) [fable 2). These findings indicate a 
lack of treatment-related effect, as further supported by the lack 
of statistical significant when evaluated relative to controls 
[fable 2). As such, liver tumors were not further considered as a 
critical endpoint in the derivation of a cancer-based toxicity value. 

Uterine tumors were assessed by the NTP using two pathology 
review processes; data from both review processes combined 
were used for dose-response modeling as they provide the most 
comprehensive and thorough evaluation of the neoplastic lesions 
in the uterus. The combined incidence of uterine adenomas, ade­
nocarcinomas and malignant mixed Mullerian tumors is provided 
in Table 3, and the results of the dose-response modeling are 
shown in Fig. 1A. The multistage model provided the best overall 
frt to these data (i.e. lowest AIC; P-value = 0.75). The BMD, 0 and 
BMDL10 values were 19S.3 and 126.6 mg kg_, day- \ respectively. 
A HED of31.7 mg kg_, day_, was obtained by allometric scaling of 
the BMDL1o- The resulting human oral cancer slope factor (OSF) 
was determined to be 0.00315 per mg kg_, day_, (i.e. 0.1/31.7). This 

Table 3. Incidence of combined uterine adenomas, adenocar­
cinomas, and malignant mixed MUllerian tumors observed in 
female rats (NTP, 2013) 

Study Dose Duration Combined P-
(mg/kg/day) Adjusted Dose N Uterine Tumors value• 

0 0 50 6 
2SO 178.6 so 11 0.168 
500 357.1 so. 16 0.007 
1000 714.3 50 19 0.002 

•poly-3 test. 
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Figure 'I, Benchmark dose modeling results of uterine effects In female 
rats. (A) Incidence of combined uterine tumors from the National Toxicol­
ogy Program (NTP, 2013). (B) Incidence of uterine hyperplasia (NTP, 2013). 
Note: the highest dose group was dropped for modeling uterine hyperpla­
sia in order to improve model fit. 

OSF is associated with a risk-specific dose (RSD) of 0.00032 mg 
kg-1 day-1 at the 10-6 risk level (traditionally acceptable risk 
range is 10-4 to 10-6

). Accordingly, the RSDs at the 10-5 and 
10-4 risk levels are 0.0032 and 0.032 mg kg_, day-1

, respectively. 

Non-cancer-based points of departure and toxicity values 

In the NTP 2-year bioassay on TBBPA, body weight was decreased 
in Wlstar Han male rats (SOO and 1000 mg kg- 1 day-1 dose 
groups) and in female mice (1000 mg kg- 1 day-1 dose group). 
No significant non-neoplastic effects were observed in male rats. 
In female rats, uterine endometrial atypical hyperplasia and ovar­
ian rete cysts were found to be associated with exposure to TBBPA. 
In mice, non-neoplastic effects were observed in the forestomach 
of both males and females, and included ulcers, mononuclear cell 
cellular infiltration, inflammation, and epithelial hyperplasia. Addi­
tionally, in male mice, there was evidence of an increased inci­
dence of renal tubule cytoplasmic alterations, hepatic clear cell 
foci and hepatic eosinophilic foci. Findings in the 13-week study 
were generally unremarkable; however, decreased total thyroxine 
[r4) was observed in the SOO and 1000 mg kg-1 treatment groups 
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(and to lesser extent in the 1 00 mg kg-1 group) of male and female 
F344 rats. Levels ofT4 were not assessed in the chronic NTP bioas­
say.lt should be noted that NTP used F344 rats in the 13-week sub­
chronic study and Wistar Han rats in the 2-year chronic bioassay. 

Thus, non-neoplastic effects considered from the NTP studies in­
cluded forestomach lesions, uterine hyperplasia, rete ovarian cysts, 
renal tubule cytoplasmic alterations, hepatic foci and decreased 
T4. Prior to characterizing dose-response relationships and estab­
lishing a non-cancer POD and corresponding toxicity value, it was 
important to first determine that each of these candidate end­
points was in fact adverse, relevant to humans, and biologically as­
sociated with a non-cancer effect. 

Endpoints determined to be unsuitable for characterization of human 
non-cancer effects. Liver lesions were only observed in male mice, 
and included clear cell foci and eosinophilic foci. Notably, clear cell 
foci in the liver have been considered by EPA to be a pre­
neoplastic lesion when it is observed in animals that also develop 
liver tumors (USEPA, 2013; 1-4-dioxane). As described above, male 
mice developed liver tumors in the TBBPA bioassay and thus it was 
determined that clear cell foci should be considered a pre­
neoplastic lesion. With respect to eosinophilic foci, the incidence 
rate was high in the male control group (40%), similar to that ob­
served for the incidence of liver tumors discussed previously. Eo­
sinophilic foci are among a group of cellular alterations 
(including clear cell foci) in the liver that are often considered to 
be clonal expansions of initiated cells (Greaves, 2012). Considering 
that clear cell foci and eosinophilic foci only occurred in male mice, 
and that male mice were the only animals to develop liver tumors 
in the NTP (2013) bioassay, these endpoints were both considered 
preneoplastic and thus not appropriate for non-cancer assessment 
(USEPA 2013). 

The incidence of renal tubule cytoplasmic alterations in male 
mice increased with dose of TBBPA; NTP characterized this effect 
as a 'reduction or loss of normal vacuoles in the cortical proximal 
tubules in male mice' (NTP, 2013). NTP further characterized this 
lesion and the associated lysosomal-vacuolar system in mice as 
being sexually dimorphic. It has been shown that orchiectomized 
male mice exhibit a reduced vacuolization pattern In the proxi­
mal tube that is more consistent with female mice, and that ad­
ministration of testosterone to female mice results in an 
expanded vacuolization pattern more consistent with male mice 
(Koenig eta/., 1980).1t was also shown that male mice, as well as 
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female mice, treated with testosterone, have increased expres­
sion ' of lysosomal proteins and increased protein levels in urine 
(Koenig eta/., 1980).1n the NTP study, male mice exposed to TBBPA 
exhibited a significant decrease in renal tube vacuolization as well 
as a significant decrease in kidney nephropathy (i.e. kidney 
damage). Thus, the changes in renal tubular vacuolization appear 
to be a trait specific to male mice, and the reduced vacuolization 
was associated with reduced nephropathy (i.e. reduced adverse 
effects). As a result, the cytoplasmic alteration was both not rele­
vant to humans and not adverse, and thus was not considered 
as a suitable endpoint for non-cancer assessment. 

In the 13-week study conducted by the NTP, a dose-dependent 
decrease in total serum T4 was observed In male and female F344 
rats, with no significant changes in serum T3, TSH, thyroid weight 
or thyroid histopathology. Also, no changes were observed in the 
thyroid gland after administration of TBBPA to either Wistar-Han 
rats or B6C3F1 mice for 2 years (NTP, 2013). Based on the lack of 
consistent and concordant changes in T4, T3 and TSH serum levels, 
as well as lack of adverse effects associated with this decreased T4 
reported both in the NTP study as well as in the literature (EU, 
2006; Schroeder 2002a, 2002b) the toxicological significance of 
this endpoint is uncertain. As such, this endpoint was not consid­
ered to be adverse, and thus was not further considered as a crit­
ical effect for non-cancer assessment. Notably, both Health 
Canada and the European Union also concluded that reductions 
in T4 were not considered adverse in the absence of any other rel­
evant thyroid-related effects (EU, 2006; Health Canada, 2013). 

Dose-response assessment of relevant non-cancer endpoints. In rats, 
exposure to TBBPA was associated with uterine hyperplasia and 
ovarian cysts (NTP, 2013). Notably, NTP characterized the uterine 
hyperplasia as a potential preneoplastic lesion. If indeed this 
lesion is pre-neoplastic, it would not be suitable as a non-cancer 
endpoint for the same reasons described above for clear cell and 
eosinophilic foci in the male mouse liver (USEPA. 2013). However, 
given the uncertainty as to whether this uterine hyperplasia is 
indeed a pre-neoplastic lesion, we considered this endpoint for 
non-cancer assessment. Modeling the incidence of uterine hyper­
plasia initially resulted in poor model fits. As such, the highest 
dose was omitted (consistent with US EPA guidance), resulting 
in more reasonable model fits. The P-value for the model frt 
was 0.08, which is only slightly below EPA's recommendation that 
P-values be ;::: 0.1 (USEPA, 2012). Notably, however, EPA does 

Table 4. Non-cancer points of departure (POD) and Reference dose (RfD) Array 

Species/Sex 

Mice 
Female 

MiceMa/e 

Rat, Female 
Rat, Female 

Forestomach 
Hyperplasia 
Ulcer 
Infiltration 
Inflammation 
Hyperplasia 
Ulcer 
Infiltration 
Inflammation 

Endpoint 

Uterine endometrial atypical hyperplasia 
Rete ovarian cysts 

BMD10 

mg!kg-day 

88.7 
102.2 
106.3 
105.5 
103 
190.5 
175.6 
218.1 
118.7 
S96.7 

POD (BMDL10) 

mglkg-day 

70.5 

72.8 
355.4 
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HED mg/ UF" 
kg-day Unitless 

11.6 30 
Not Calculated 
Not Calculated 
Not Calculated 
Not Calculated 
Not Calculated 
Not Calculated 
Not Calculated 

18.2 30 
88.9 30 

RfD mg/ 
kg-day 

0.4 

0.6 
3.0 
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accept P-values of~ 0.05 when modeling cancer data, and thus it 
was determined that the P-value of 0.08 was sufficient for model­
ing uterine hyperplasia. Visual inspection of the model indicates a 
reasonable fit of the data (Fig. 1 B); in addition, the scaled residual 
nearest the BMD meets EPA's recommendation of being <f:/2/ 
(USEPA, 2012). It is also worth noting the BMDL10 value of 72.8 
mg kg-1 day-1 (Table 4) is lower, and thus more health­
protective, than the corresponding LOAEL value of 178.6 8 mg 
kg- 1 day-1

• Moreover, the BMD1ofBMDL10 ratio was 1.6, which 
is below the ratio of 5 that is considered high and indicative of 
increased uncertainty in the BMD10 and BMDL10 estimates 
(Wignall eta/., 2014). 

The incidence of ovarian rete cysts were 1/50, 0/49, 6/50 and 
6/49. When modeled, this endpoint led to the highest BMDL10 

value, viz. 355 8 mg kg-1 day-1 (Table 4). 
Both male and female mice administered TBBPA by oral ga­

vage developed ulceration, infiltration, inflammation and hyper­
plasia of the forestomach (NTP, 2013). BMDL10 values for these 
eight endpoints (four lesions in each sex) ranged from 88.7 to 
218.1 8 mg kg- 1 day-1 (Table 4). From these, the lowest BMDL10 

value (88.7 8 mg kg- 1 day-1
; forestomach hyperplasia in female 

mice) was selected for derivation of a candidate RfD. Although 
forestomach hyperplasia is likely a downstream event to ulcera­
tion and inflammation, the PODs were essentially the same for 
all forestomach lesions (varying only -2-fold; Table 4). It is also 
likely the case that the dose spacing and histopathological evalu­
ations do not allow for resolution about which event(s) came first. 
As such; we selected the most conservative endpoint for the 
forestomach, and did not attempt to parse out which lesion pre­
ceded the others. 

Consistent with typical US EPA risk assessment practices 
(USEPA, 2002), candidate POD and RfD values were derived for 
the critical effects associated with TBBPA exposure (Table 4). As 
these endpoints were observed in the 2-year bioassay, the HED 
values were divided by three-fold to account for potential inter­
species differences in pharmacodynamics (UFAl and 10-fold to ac­
count for potential intraspecies variability (UFH). A database 
uncertainty factor (UF0 ) of 1 was selected owing to availabil ity 
of chronic oral exposure studies in both rats and mice, as well 
as the availability of a 2-generation reproductive and develop­
mental toxicity study (including developmental neurotoxicity) 
for TBBPA that found no evidence of adverse effect in the Fo. F1 

or F2 generations (Schroeder 2002b, 2003). An uncertainty factors 
for extrapolation from a lowest observed adverse effect level 
(UFJ were not needed as the BMD approach was utilized; simi­
larly, an uncertainty factor for extrapolation from subchronic to 
chronic (UF5) was not needed as the data were obtained from a 
chronic bioassay. 

The lowest candidate RfD was one of the three candidate RfD 
values derived from the forestomach lesions; however, selection 
of this value is associated with uncertainty given its questionable 
relevance to humans. Unlike humans, rodents have both a stom­
ach and a forestomach; the forestomach serves as a storage com­
partment that releases minimally digested food into the glandular 
stomach in response to energy demands (Greaves, 2012).1n the 2-
year study, there was increased mortality in the 1000 mg kg-1 

dose group owing to 'gastrointestinal toxicity', yet no indication 
of gastrointestinal (including forestomach) cancer was observed 
(NTP, 2013), indicating that these lesions posed no carcinogenic 
risk. It seems reasonable, therefore, that the lesions could have 
been induced by the high concentrations of corn oil-solubilized 
TBBPA stored in the forestomach. It is also notable that both 
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humans and rodents have a glandular stomach, and no TBBPA­
induced lesions were reported in the glandular stomachs of mice 
or rats in the 2-year bioassay (NTP, 2013). 

In contrast to the biological uncertainty associated with the 
use of forestomach lesions for a human critical effect, the non­
cancer toxicity of TBBPA to the rat uterus indicates that this 
may be the most sensitive target organ. There was a weak 
dose-response pattern for uterine endometrial atypical hyperpla­
sia (2/50, 13/50, 11/50 and 13/50) although the incidence of uter­
ine hyperplasia was consistently elevated. Because of such, this 
endpoint posed some challenges for dose-response modeling 
(see above); however, a reasonable fit to the data was achieved 
(Fig. 1 B). The resulting POD and RfD were in the middle of the 
arrayed values (Table 4). Although there remains some uncer­
tainty as to whether uterine hyperplasia represents a non­
neoplastic or pre-neoplastic lesion, as well as uncertainty regard­
ing the relevance of such effects in humans given the large dis­
parity in the doses administered in the study compared to 
human exposures, the lesion is associated with a higher level of 
confidence with respect to characterization of non-cancer effects 
in humans as compared with the forestomach lesions (though 
both endpoints result in similar toxicity values). Thus, it is pro­
posed that uterine hyperplasia serve as the basis for an oral RfD 
for TBBPA, and accordingly, the proposed RfD for oral exposure 
to TBBPA is 0.6 mg kg-1 day-1

• 

Exposure 

Media concentrations 

There is a wealth of data on concentrations of TBBPA in 
food/diet, breast milk, water and soil/dust. These data were col­
lected and analyzed by research groups from across the globe 
and represent different methods of collection, analyzes, and in­
terpretation, and often, were not directly relevant to consumer 
exposures. As such, careful consideration was given to the stud­
ies and datasets used in the estimation of intake. The selection 
process also considered study quality and relevance, representa­
tiveness of chronic consumer exposure, as well as consistency of 
the data relative to other studies. No preference was given to the 
country of location where samples were obtained; however, the 
location and type of samples collected were considered relative 
to the media type and representativeness of consumer exposure. 
Additionally, because TBBPA was often below the analytical limits 
of detection, the use of non-detect data in the analysis and inter­
pretation of such were also carefully considered when selecting 
representative datasets. 

Drinking water 

No studies were identified that reported direct measurements of 
TBBPA in actual drinking water. lnformation was limited to a single 
abstract that suggested TBBPA formation via bromination of BPA 
in drinking water if the water was stored in polycarbonate con­
tainers and sanitized with bromine and ozone, although such a 
scenario was considered negligible as water supplies are not rou­
tinely brominated (Peterman et at., 2000). As such, environmental 
water samples were used as a surrogate, which is an extremely 
conservative approach, particularly considering that even in envi­
ronmental sampling, TBBPA is not measured at concentrations 
above detection limits. Four key studies were selected for potential 
consideration, representing water samples collected in France, 
China and the UK (Harrad eta/., 2009; Labadie et at., 2010; Yang 
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et at., 2012; He et at., 2013). While Yang eta!. (2012) collected sam­
ples from a main watershed lake over a course of three sampling 
periods, only maximum water concentrations were provided in 
the manuscript (other data provided graphically in figures, but 
levels could not be accurately distinguished). Data from Labadie 
et at. (201 0) and He et at. (2013) were not utilized as both studies 
measured river water samples in locations associated with 
suspected or known sources of BFRs, and thus were not consid­
ered to be representative of typical consumer exposures in drink­
ing water. Data collected by Harrad et a/. (2009) as part of an 
environmental monitoring program in the UK were determined 
to be the most representative of the available data. These data 
were collected from nine freshwater lakes, each with three sam­
pling events, and an average concentration by lake provided in 
the manuscript. The average concentrations of TBBPA by lake 
were utilized in the intake equations; the maximum average con­
centration reported was used for the regulatory default scenario, 
whereas mean and 95th percentile values were derived assuming 
a normal distribution across the average of the nine lakes and 
use in the central tendency and upper-bound scenarios, respec­
tively (Table 5). 

Breast milk 

There were several studies available in the published literature that 
reported concentrations ofTBBPA in breast milk. It Is notable that 
across these studies, a large percentage of samples evaluated re­
ported that TBBPA was not present at a concentration above the 
detection limit. Studies for potential inclusion were narrowed 
based on year of collection (recent data preferred), robustness of 
data, and quality of data evaluation and reporting. Three studies, 
representing samples collected from Chinese, German and French 
women, were selected as key studies (Kemmlein 2000 as cited by 
EU 2006; Cariou eta!., 2008; Shi et at., 2013). The most recent data 
published by Shi et at. (2013) were selected for use in the intake 
equations (note: these data were not available at the time Health 
Canada, EFSA. and the EU conducted their analysis). These data 
were collected from Chinese women in 2011 as part of a well­
designed exposure study. Data reporting included concentrations 
ofTBBPA in breast milk by percentile, and also Included incorpora­
tion of non-detect samples in the derivation of such (TBBPA was 
detected in only 55% of the samples analyzed). The median, 95th 
percentile and maximum concentrations were utilized in the in­
take equations (Table 5). 

The data published by Cariou et a/. (2008) characterizing 
breast milk concentrations in samples collected in French 
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women between 2004 and 2006 were carefully reviewed as 
the maximum concentration reported in this study was utilized 
by both Health Canada (2013) and EFSA (2011) in their health 
assessments for TBBPA. However, these data were part of a very 
short publication that appeared to be associated with an ex­
tended meeting abstract, and thus it is not clear if the publica­
t ion was subject to a traditional peer review. This was 
highlighted by major shortcomings in data reporting, and poten­
t ially data analysis, such as the mean, median, minimum and 
maximum concentrations presented In the paper did not ac­
count.for non-detect samples. This finding is critical as TBBPA 
was not detected in 43 of the 77 samples, and thus the concen­
trations reported by the study authors did not accurately reflect 
the concentrations measured in French women. The German 
data (Kemmlein 2000 as cited by EU 2006) were initially selected 
as key data despite the unavailability of an English translation of 
the study because these data were utilized by the EU in their as­
sessment (EU, 2006) of TBBPA; however, further review of these 
data indicate that it is limited to a single sample collected in the 
Faroe Islands over a decade ago, and thus was not selected for 
use in t he intake assessment. 

Soil/Dust 

There were many datasets characterizing TBBPA concentrations in 
soil and dust available in the published literature. A key criterion 
used to identify relevant datasets was relevance of the sample to 
typical exposure, with consideration for conservative (higher) con­
centrations for some of the exposure scenarios. For example, 
soil/sediment samples collected near a chemical manufacturing 
plant or recycling plant were not considered relevant, nor were 
dust samples collected from inside a television set considered 
relevant. 

When the literature was surveyed, the concentrations in dust 
were generally higher than soil, and thus studies reporting dust 
concentrations were further reviewed and two papers were ulti­
mately selected for potential use based on the levels reported 
(i.e. highest concentrations of TBBPA in dust). A recent paper by 
Ni and Zeng (2013) reported data for 56 samples collected from 
air conditioning filters in Chinese office buildings. However, the 
maximum TBBPA concentration was the highest concentration re­
ported in the literature (by several orders of magnitude), and was 
also very high relative to the other samples collected in the same 
study based on comparison to the mean and standard deviation 
concentrations provided (and thus is not considered to be gener­
ally representative). Given the inconsistency in this single data 

Table 5. Media concentrations used in the exposure assessment calculations 
--

Media Central Tendency Upper-Bound Regulatory Default Units Ref 

CMilkfat 0.0001 0.00128 0.01246 mg/kg Shi eta/., 2013a 

CSoiVDust 0.1 1 0.46 1.4 mg/kg Harrad et at. (201 O)b 

Cow 0.00000096 0.000001 008 0.000003200 mg/L Harrad et at. (2008)c 

Total Dietary Intake 0.000000256 0.00000028 0.00000028 mg/kg-d Shi et at. (2009)d 

aMedian, 95th percentile, and maximum concentrat ions, respectively; concentrations are lipid adjusted; % lipid accounted for in the 
intake calculations. 
bMedian, 95th percentile, and maximum concentrations, respectively. 
cMaximum concentration reported used for the regulatory default scenario; mean and 95th percentile values were derived assuming a 
normal distribution across the average of the nine lakes and use in the central tendency and upper-bound scenarios, respectively. 
dMedium bound intake used for central tendency, upper-bound intake used for upper-bound and regulatory default. 
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point relative to other data, as well as the lack of representative­
ness of the sample collection technique (e.g. represented accumu­
lated levels that were not subject to standard fate and transport 
properties), these data were not selected for use in the exposure 
estimates. Rather, data collected in schools and daycares in the 
UK as published by Harrad et a/. (2010) were selected. This 
dataset was utilized by Health Canada (2013) in their assessment 
of TBBPA, and was supported by previous investigations of 
TBBPA in dust in homes, offices and cars by the same authors 
(Abdallah et a/., 2008; Harrad et a/., 2009). Notably, the concentra­
tions in dust from schools were higher than levels reported in 
cars and offices (Harrad eta/., 2010) and were ultimately selected 
as the dust concentrations for use in the exposure assessment. 
Further, this study was judged to be of good quality and rele­
vance based on the use of a well-described sampling procedure 
and relatively robust analytical techniques. The median, 95th per­
centile and maximum concentrations were utilized in the intake 
equations (Table 5). 

Diet 

Two approaches were considered for characterizing dietary intake 
to TBBPA based on the data available. The first option was to calcu­
late intake for individual food types that had measured concen­
trations and the second option was to utilize dietary intake 
estimates from total diet studies. The latter option was deter­
mined to be more robust and appropriate for use in the current 
study given that the data were already in the form of a total 
daily intake, and that the estimates were generated based on 
consideration of data from total diet studies (or similar). And 
while these data are often specific to a particular population or 
region, they were judged to be of greater quality and relevance 
as compared with the option of calculating intake only for spe­
cific food types, which would be associated with a high level of 
variability and uncertainty owing to the range and/or lack of me­
dia concentrations, consumption rates, and inability to capture 
all food types. 

Six total diet studies or comprehensive evaluations of dietary in­
take were identified in the published literature (de Winter-Sorkina 
et a/., 2003; EU, 2006; Driffield et a/., 2008; Shi et a/., 2009; Food 
Safety Authority of Ireland, 201 0; EFSA, 2011 ). However, dietary in­
take in the majority of these studies was based on estimates of 
TBBPA because TBBPA was consistently not measured at levels 
above the detection limit, and thus the regulatory/health agencies 
instead conservatively assumed that TBBPA was present at a con­
centration equal to the detection limit when developing dietary 
exposure estimates (de Winter-Sorkina et a/., 2003; Driffield et a/., 
2008; Food Safety Authority of Ireland, 201 0; EFSA. 2011 ). The 
study by Shi et a/. (2009) was ultimately selected as the basis for 
the dietary intake estimates used in this current assessment as 
TBBPA was detected in approximately 70o/o of the whole samples 
evaluated (Table 5). Shi eta/. (2009) evaluated TBBPA in four food 
groups of animal origin (eggs and egg products, aquatic foods, 
milk and milk products, meat and meat products) and then utilized 
the data to develop lower, medium and upper-bound intakes 
using different proxy values for the non-detect samples. Notably, 
the Shi et a/. (2009) study was also utilized by Health Canada in 
their exposure assessment 

Dally Intake estimates 

Lifetime average daily dose (LADD) estimates are provided in 
Table 6. For the scenarios evaluated, LADD estimates ranged from 

D. Wikoff et a/. 

Table 6. Lifetime average dally dose (LADD) and 
cancer-based margin of exposure (MOE) and margin of safety 
(MOS) 

Intake (mg/kg-day) 

Central Upper- Regulatory 
Route of Exposure Tendency Bound Default 

Total Dietary Intake" 1.6E-Q7 2.5E-Q7 1.1E-Q6 
Drinking Water S.OE-Q9 1.6E-Q8 5.4E-Q8 
SoiVDust 5.4E-Q8 3.7E-Q7 2.7E-Q6 

Total Dose 2.2E-07 6.4E-Q7 3.9E-06 

MOEb 5.8E+08 2.0E+08 3.3E+07 
MOSC 1.SE+03 S.OE+02 8.3E+01 

•Includes breast milk and food consumption as appropriate to 
the receptor. 
bCalculated using a POD of 126.6 mg/kg-day. 
<calculated using a RSD of 0.00032 mglkg-day (1 o-6 risk level). 

2.2 E- 7 to 3.9 E-6 mg kg- 1 day- 1 for the three different scenarios 
considered in this assessment (central tendency, upper-bound and 
regulatory default). Exposure to TBBPA via soiVdust ingestion was 
the largest contributor, followed by dietary intake (includes both 
exposure via breast milk and foodstuffs), and to a lesser extent, ex­
posure via drinking water. 

Average daily dose estimates (ADD) varied by scenario and re­
ceptor (Table 7). The lowest estimates of ADD were calculated for 
adults in the Central Tendency scenario (3.2 E - 7 mg kg-1 day-\ 
and the highest estimates calculated for infants aged 0 to 3 
months in the Regulatory Default Scenario (8.4 E- 5 mg kg- 1 

day-1
) . In infants, the soil/dust pathway was the exposure route 

that contributed the most to the overall ADD for the Central Ten­
dency scenarios, whereas the percent contribution of exposure 
via breast milk was significantly greater in the Upper Bound 
and Regulatory Default scenarios, 68% and 87%, respectively. Al­
though currently available data indicates that ingestion TBBPA in 
foodstuffs in not an exposure pathway of concern (based on data 
demonstrating that TBBPA has only been detected at very low in 
fru its, vegetables, and grain products commonly consumed by in­
fants), the authors recognize that the lack of data available to 
characterize TBBPA concentrations in all potentially relevant 
foodstuffs consumed by infants aged 1 year or less is an uncer­
tainty in t his analysis,. Additional analyzes may be warranted 
when data appropriate for characterizing exposure to TBBPA in 
all potentially relevant foodstuffs become available. Further, in­
take estimates for infants d id not Include drinking water; how­
ever, exposures via th is route are not anticipated to be 
significant (based on comparisons to intake of such in adults). 
In young children, older children and adults, the exposure esti­
mates were driven by dietary intake In the Central Tendency sce­
nario, but by soil/dust exposures in the Upper Bound and 
Regulatory Default scenarios. 

Margin of exposure and margin of safety estimates 

For the cancer-based MOE, the POD used in the development of 
the OSF was the BMDL of 126.6 mg kg- 1 day-1

• This BMDL was 
compared with the LADD estimates, resulting in margins of ex­
posure greater than 32 000 000 for each scenario evaluated 
(Table 6 and Fig. 2) . Similarly, In the non-cancer-based 
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Table 7. Average daily dose (ADD) and non-cancer based margin of error (MOE) and margin of safety (MOS) 

Scenario/Route 0-3 mos 

Central Tendency Scenario 
Total Dietary Intake 6.9E-Q7 
Drinking Water 
Soil/Dust 

Total ADD 6.9E-Q7 

MOE• 1.1E+08 
MOSb 8.7E+05 
Upper Bound Scenario 
Total Dietary Intake 8.6E-Q6 
Drinking Water 
Soil/Dust 

Total ADD 8.6E-Q6 

MOE• 8.SE+06 
MOSb 7.0E+04 
Regulatory Default Scenario 
Total Dietary Intake B.4E-os 
Drinking Water 
Soil/Dust 

Total ADD 8.4E-Q5 

MOE• 8.7E+05 
MOSb 7.2 E+03 

•calculated using a POD of 72.8 mglkg-day. 
bCalculated using a RfD of 0.6 mglkg-day. 

4-12 mos 

6.5E-07 

1.6E-06 

2.3E-Q6 

3.2E+07 
2.7E+05 

S.BE-06 

3.1E-06 

8.9E-06 

8.2E+06 
6.8E+04 

5.7E-05 

9.3E-Q6 

6.6E-Q5 

1.1E+06 
9.1E+03 

comparison of exposure and toxicity (POD of 72.8 mg kg- 1 

day- 1
), the resulting MOEs were large (>BOO 000) for each sce­

nario evaluated (Table 7 and Fig. 2). 
Margin of safety (MOS) estimates were also sufficiently large. 

Using the most conservative RSD of 0.00032 mg kg- 1 day-1 

(i.e. dose at the 1 o-6 risk level) associated with the OSF, the 
resulting cancer-based MOS estimate for the regulatory default 
scenario (i.e. reasonable worst case) was ~so. Thus, the total 
lifetime average daily exposure would have to be increased ~so 
times or greater to reach a risk level of 1 o-6 for the lowest -
highly conservative - MOS identified in this study. Notably, a 
margin of safety > 1500 was derived for the most plausible expo­
sure scenario. Non-cancer-based MOS estimates ranged from 
> 7000 to > 1 000 000. 

Discussion 
Robust data of both high quality and relevance were available 
to characterize both cancer and non-cancer endpoints 
associated with chronic, oral exposures to TBBPA, as well as to 
characterize reproductive and developmental endpoints. 
Supporting data were available to characterize a diversity of 
endpoints, including: body/organ weight, organ histopathol­
ogy, reproductive/developmental toxicity, neurotoxicity, neph­
rotoxicity, hepatotoxicity, cardiotoxicity, endocrine disruption, 
carcinogenicity, and hematology and serum biochemistry. The 
GLP, guideline-based NTP 2-year and 13-week studies were 
determined the highest quality and relevance for the 

Average Daily Dose (mg/kg-day) 

0-12 mos Young Older 
(weighted average) Child Child Adult 

6.6E-07 9.7E-07 3.6E-07 2.3E-Q7 
1.8E-08 1.0E-08 1.4E-08 

1.6E-06 2.2E-07 8.1 E-08 7.9E-QB 

2.3E-06 1.2E-06 4.6E-07 3.2E-Q7 

3.2E+07 6.0E+07 1.6E+08 23E+08 
2.6E+05 S.OE+OS 13E+06 1.9E+06 

6.5E-06 1.1 E-06 4.0E-07 2.5E-Q7 
5.6E-08 3.6E-08 4.3E-QB 

3.1E-06 2.6E-06 9.6E-07 3.3E-Q7 

9.6E-06 3.7E-Q6 1.4E-06 6.2E-Q7 

7.6E+06 2.0E+07 5.2E+07 1.2E+08 
6.3E+04 1.6E+05 43E+05 9.6E+05 

6.3E-05 1.2E-06 3.9E-07 2.5E-07 
2.1 E-07 1.4E-07 9.1E-08 

9.3E-06 1.9E-Q5 6.2E-06 2.0E-06 

7.3E-05 2.0E-QS 6.8E-06 2.3E-06 

1.0E+06 3.6E+06 1.1E+07 3.1E+07 
8.2E+03 3.0E+04 8.9E+04 2.6E+05 

characterization of toxicity and development of chronic toxicity 
values for cancer and non-cancer endpoints owing to the ro­
bustness of the study design and duration of exposure. Multiple 
datasets from the NTP 2-year studies were selected for dose re­
sponse modeling. From these datasets, a human OSF of 0.00315 
per mg kg-1 day-1 was calculated, based on an increased incidence 
of uterine tumors in rats, and an oral RfD of 0.6 mg kg- 1 day-1 

based on uterine hyperplasia in rats was selected from an array 
of candidate RfD values. The PODs underlying these specific 
toxicity factors were used to generate MOE estimates for infants, 
young children, older children and adults. Even when maximum 
concentrations of TBBPA in the diet, breast milk, soil/dust and 
water were used (i.e. in the regulatory default scenario, 
representing the reasonable worst case), resulting exposures 
were many orders of magnitude below PODs, regardless of re­
ceptor (MOE values > 800 000). 

Data in the published literature indicate that TBBPA is not 
genotoxic in either well-conducted bacterial and yeast mutagenic­
ity assays or in an in vitro chromosomal aberration study in human 
lymphocytes (EU, 2006; Health Canada, 2013; NTP, 2013). Thus, it is 
highly unlikely that TBBPA is acting through a genotoxic or muta­
genic MOA to elicit the carcinogenic effects observed in the NTP 
bioassay. Rather, the data suggest that the toxicities observed at 
high doses may potentially be the result of disruption of endocrine 
parameters. Although a full evaluation of such was not conducted 
in this assessment, it Is notable that a number of studies have re­
ported associations between exposure to TBBPA and decreased 
levels of T4 in laboratory animals, including the studies judged to 
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Figure 2. Comparison of cancer (A) and non-<:ancer (B) toxicity values to the associated POD and to the lowest dose tested in the National Toxicology Pro­
gram (NTP) 2-year study. Note: exposure estimates shown are based on most conservative exposure scenario (regulatory default). 

be of high quality and relevance (Schroeder, 2002a, 2002b, 2003; 
van der Veneta/., 2008; NTP, 2013). Associations between TBBPA 
and T4 have also been investigated in humans. Recently, Kim 
and Oh (2014) reported that TBBPA serum concentrations corre­
lated weakly with thyroid hormones in humans based on the ob­
servation of a positive relationship for free T4, although a 
negative relationship was observed for T3. When considered col­
lectively, these data generally indicate that other effects com­
monly associated with thyroid hormone disruption (e.g. changes 
in T3, TSH, thyroid weight thyroid histopathology) do not consis­
tently accompany the decreased levels of T4 (Schroeder, 
2002a,2002b, 2003; van der Ven eta/., 2008; NTP, 2013). Further, 
decreases in serum T4 levels have not been associated with ad­
verse effects in reproductive and developmental toxicity studies 
that included neurobehavioral and neuropathology assessments 
(Schroeder, 2002b, 2003; Williams and Desesso, 2010). Taken to­
gether, these data indicate that decreased serum concentrations 
of T4 appear to have little adverse impact on parameters associ­
ated with a disruption in thyroid homeostasis in rat. This conclu­
sion is similar to that reached by the EU (2006) and Health 
Canada (2013), as well as Colnot eta/. (2014). 

Aside from perturbations in T4, a number of other endocrine­
related effects have been reported in the literature for TBBPA. 
For example, binding and activity related to androgenic, and par­
ticularly estrogenic, compounds have been reported (though are 
somewhat contradictory) (Hamers et a/., 2006; Kitamura et a/., 

2010; Li eta/., 2010; Gosavi eta/., 2013).1t is also notable that some 
of the non-neoplastic lesions observed in the NTP study were also 
associated with potential disruption of endocrine parameters. For 
example, the decreased vacuolization in the male mice renal tu­
bules may be related to interference of testosterone, as inhibiting 
testosterone reduces vacuolization in male mice and administra­
tion of testosterone increases vacuolization in female mice (Koenig 
et a/., 1980). Additionally, the ovarian rete cysts observed in rats 
have been observed in humans with endocrine dystrophies, al­
though the cysts were not associated with a single hormone ab­
normality (Sommers, 1953). Thus, although a clear relationship 
remains to be elucidated (particularly at human relevant exposure 
doses), there are a number of studies indicating the potential for 
an association between TBBPA and disruption of endocrine pa­
rameters (although these occur primarily at high doses). As such, 
the selection of an oral RfD that is consistent with this pathway 
seems to provide the most biological plausibility based on existing 
data, thus lending support to the selection of the uterine hyperpla­
sia as the basis for establishing a non-cancer toxicity value. The 
uterus is clearly responsive to hormonal changes; for example, 
both age-related excess of estrogens and xenobiotic-related estro­
genic effects can induce endometrial hyperplasia (Greaves, 2012). 

The collective nature of these endocrine-related effects are also 
notable when considering a potential underlying mode of action 
(MOA) associated with the development of uterine tumors, as well 
as in considering the relevance of such to human exposures. Even 
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the lowest dose used in the NTP study (250 mg kg-1 day-1
) Is 

more than fiVe orders of magnitude higher than the highest esti­
mates of exposure generated in this study (Fig. 2), and is also or­
ders of magnitude higher than the intake estimates generated 
by regulatory bodies (EU, 2006; EFSA, 2011 ; Health Canada, 
2013). Without data characterizing the same endpoints at lower, 
more environmentally relevant doses, it is often difficult to make 
such extrapolations; and in particular, it is difficult to differentiate 
which effects are relevant to human exposure versus which effects 
may be owing to the impact of high doses on physiological func­
tion and saturation of protective mechanisms. It is well accepted 
that there is a high likelihood that key steps in any mechanistic 
pathway can become overwhelmed, and as a result new modes 
of toxicity are associated with effects observed at higher doses 
(Siikker eta!., 2004). Notably, no effects were observed in animals 
administered 10 or 50 mg kg-1 day-1 in the NTP 13-week study 
(NTP, 2013), nor were effects observed in a 90-day study at doses 
ranging from 100 to 1000 mg kg- 1 day-1 TBBPA [Schroeder, 
2002a, EU, 2006], suggesting that the high doses utilized in the 
2-year study may have saturated protective mechanisms or other­
wise impacted normal physiology. 

The findings presented in this study demonstrate that the non­
cancer-based MOE was several orders of magnitude regardless of 
exposure scenario evaluated. This finding is consistent with the 
conclusions reached by the European Union (2006), the European 
Food Safety Authority (2011 ), Health Canada (2013) and Col not 
eta!. (2014). The EU evaluated multiple exposure scenarios, includ­
ing a number of occupational and non-occupational scenarios. For 
consumers, the EU concluded that their assessment indicated no 
health effects of potential concern to adults, and given that con­
sumer exposures were negligible, there were no concerns in rela­
tion to any toxicological endpoint (EU, 2006). In their evaluation 
of infants, the EU utilized measured levels of TBBPA in breast milk 
to estimate exposure (rather than using a model as was done for 
other scenarios), and compared the time-weighted average daily 
uptake in a breast-feeding infant (0.024 x 10-3 mg kg- 1 day-1

) 

to a NOAEL of 40 mg kg-1 day-1
, resulting in a margin of safety 

(MOS) of 1.7 x 106
. Similarly, the health assessment reported by 

Health Canada (2013) was based on the comparison of an upper­
bound intake in breastfed infants relative to a LOAEL of 140 mg 
kg-1 day-1, resulting in a MOE of 7.2 x 105

, thus leading to the 
conclusion that the margin of exposure was adequate to address 
uncertainties in available data. Notably, the POD established in 
the current study for non-cancer effects was 72.8 mg kg-' day- ' , 
a value which is within the range of those utilized by the EU 
(2006) and Health Canada (2013). 

The European Food Safety Authority (EFSA) developed a MOE 
by comparing a BMDL10 of 16 mg kg- 1 day-1 (van der Ven eta/., 
2008) to daily intake estimates for adult fish consumers and infants 
(EFSA, 2011 ). It is notable, however, that in developing exposure 
estimates, EFSA requested data characterizing levels of TBBPA in 
food, but only received data for a single food group (fish and other 
seafood). Further, all of the TBBPA concentrations in the data ob­
tained for fish and other seafood samples were non-detect, a find­
ing that was similarly observed in the current study when 
evaluating concentrations ofTBBPA in foodstuffs. As a result, EFSA 
developed a worst-case intake estimate for adult, high fish con­
sumers of 2.6 ng kg-1 day-1 using the analytical limit of quantifi­
cation (LOQ) as a proxy of TBBPA concentrations in fish for all 
non-detected results. When this estimate of exposure was com­
pared to the POD of 16 mg kg- 1 day-1 (which is lower than that 
established in the current study), EFSA concluded that current 
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dietary exposure to TBBPA did not raise a health concern. Similar 
conclusions were reached based on an assessment of infant expo­
sure Via breast milk. EFSA calculated daily exposures ranging from 
0.41 . to 257 ng kg-1 day-1 for high milk consuming infants, 
resulting in MOE estimates ranging from 4 x 107 to 6 x 104 (even 
larger MOEs reported for infants with average milk consumption), 
thus leading to the conclusion that exposure via human milk did 
not raise' a health concern. These MOE estimates are similar to 
the MOEs generated in the current study for infants (8.7 x 105 to 
1.1 x 1 08

). And finally, although not directly related to food, EFSA 
developed an MOE based on exposures to dust in homes, class­
rooms and cars. The resulting MOE of 1.3 x 107 indicated a lack 
of concern for children exposure to TBBPA from dust; a finding 
similar to that of the current study (i.e. MOE estimates associated 
with soil/dust exposure ranged from 3.3 x 106 to 6 x 107 in chil­
dren). And most recently, Colnot et a/. (2014) presented derived­
no-effect-levels (DNELs) ranging from 0.16 to 10 mg kg-1 day-1 

for t he general population -which the authors noted were several 
orders of magnitude higher than current exposure levels. 

When the EU, Health Canada and EFSA conducted their as­
sessments, no carcinogenicity data were available, and thus 
evaluations of carcinogenicity were limited to qualitative charac­
terizations based on available genotoxicity and mutagenicity 
data (all of which were negative). The results of the current study 
suggest that the MOE for cancer is > 32 000 000. Even the MOS as­
sociated with the most conservative exposure scenario (reason­
able worst case) and extremely conservative linear low-dose 
extrapolation is > 80 at a risk level of 1 o-6

• The OSF for TBBPA 
was derived using a default, linear approach even although data 
clearly indicate that TBBPA is not genotoxic or mutagenic and 
supporting data indicate that TBBPA is likely associated with a 
threshold-based mode of action involving perturbation of endo­
crine parameters. However, departure from default approaches 
in the US often requires sufficient evidence for a defined MOA in 
order to utilize a threshold-based approach for evaluating cancer 
(USEPA, 2005). As discussed above, available data indicate that 
TBBPA may be acting through disruption of endocrine function 
at high doses, which would be consistent with a threshold-based 
response. If the tumors were the result of a threshold-based 
MOA, an RfD protective of uterine cancer would be developed 
and compared with other non-cancer endpoints in order to pro­
pose the most protective RfD. However, more data are required 
to characterize key events in a MOA for TBBPA prior to the applica­
tion of such non-linear dose response modeling. Although it is 
likely that uterine hyperplasia is a precursor event, there remains 
some uncertainty as to whether it is non-neoplastic or 
preneoplastic. If it is indeed non-neoplastic, then the RfD pre­
sented here for uterine hyperplasia would be considered protec­
t ive of uterine tumors. However, evaluatiqn of the MOA and 
human relevance for the tumors observed in the NTP study after 
chronic exposure to very high doses ofTBBPA is beyond the scope 
of this article. 

As with any assessment, there are a number of uncertainties in­
herent in both the toxicity and exposure evaluation. With respect 
to the toxicity evaluation, scientific judgment was used to deter­
mine the endpoints associated with the most biological and hu­
man relevance, as well as determinations regarding adversity. 
Alt hough such decisions were made based on regulatory prece­
dence and supported in the peer-review literature, the selection 
of critical endpoints to serve as the basis of the toxicity values 
clearly impacts the resulting assessment (note: selection of other 
candidate RfD values would result in similar MOE findings). The 
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daily estimates of intake exposure for TBBPA are also associated 
with uncertainty, though the approaches employed were gener­
ally conservative. For example, the regulatory default scenario re­
lies primarily on the input of maximum media concentrations. 
Another example is the use of environmental monitoring data as 
a proxy for drinking water concentrations is highly conservative. 
Thus, while such selections introduce uncertainty, they were 
clearly conservative with respect to characterizing consumer expo­
sure; that is to say, actual exposures are likely to be lower than 
those presented here, thus resulting in even higher margins of ex­
posure and safety. 

Additionally, while the intake estimates were not country spe­
cific, there is uncertainty in application of such to any specific pop­
ulation. Both dietary and breast milk media concentrations came 
from Chinese studies, an area that is associated with a high level 
of TBBPA usage (Shi eta/., 2009; BSEF, 2012). Upon reviewing avail­
able data, it was observed that media concentrations in China 
tended to be more often detected, or more often tended to be as­
sociated with higher concentrations, relative to those reported in 
studies from other parts of the world, thus suggesting that the 
daily intake estimates would be additionally conservative for con­
sumers in other parts of the world. 

The hazard identification, dose- response modeling, and subse­
quent development of an oral reference dose and cancer slope 
factor presented in this study provide critical information needed 
for the quantitative assessment of cancer risk and non-cancer haz­
ard for TBBPA. These toxicity values represent state-of-the science 
values as they consider data quality, were based on most robust 
dataset available, and were developed using sophisticated bench­
mark dose modeling techniques (Benford eta/., 201 0). Similarly, ex­
posure estimates were generated for several scenarios and various 
receptors in an effort to characterize the range of potential con­
sumer exposures, thereby capturing variability in exposures to 
TBBPA. As new exposure and toxicity data become available, it 
should be incorporated for continued improvement in the charac­
terization of human health hazards associated with TBBPA. In the 
interim, it is anticipated that the exposure estimates, along with 
the toxicity values described herein, should be informative for risk 
assessors and regulators interested in characterizing human health 
hazards associated with TBBPA. Nonetheless, even considering the 
range of conservative exposures assessed in this study, the 
resulting margins of exposure, as well as margins of safety, indicate 
a low level of health concern. 

Acknowledgments 

This work was funded by the North American Flame Retardant Al­
liance (NAFRA) Panel of the American Chemistry Council (ACC). 
The funders were given the opportunity to review the draft manu­
script; the purpose of such review was to allow input on the clarity 
of the science presented but not in interpretation of the research 
findings. The researchers' scientific conclusions and professional 
judgments were not subject to the funders' control; the contents 
of this manuscript refiect solely the view of the authors. The 
authors employment affiliation is as shown on the cover page. 
ToxStrategies is a private consulting firm providing services to 
private and public organizations on toxicology and risk assessment 
issues. 

References 
Abdallah MA, Harrad S, Covaci A. 2008. Hexabromocyclododecanes and 

tetrabromoblsphenoi-A in Indoor air and dust in Blnnlngham, U.K: Im­
plications for human exposure. Environ. Sci. Techno/. 42: 6855-6861 . 

D. Wikoff eta/. 

Benford D, Bolger PM, Carthew P, Coulet M, DiNovi M, Leblanc JC, Renwick 
AG, Setzer W, Schlatter J, Smith B, Slob W, Williams G, Wildemann T. 
2010. Application of the Margin of Exposure (MOE) approach to sub­
stances in food that are genotoxic and carcinogenic. Food Chern. 
Toxicol. 48(Suppl 1 ): 52-24. 

Birnbaum LS, Staskal DF. 2004. Brominated flame retardants: cause for con­
cern? Environ. Health Perspect. 112: 9- 17. 

Brix AE, Hardisty JF, ~cConnell EE. 2010. Combining neoplasms for evalua­
tion of rodent carcinogenesis studies. in Cancer Risk Assessment, Hsu CH, 
Stedeford T (eds). John Wiley & Sons: New Jersey; 699-715. 

Bromine Science and Environmental Forum (BSEF). 2012. TBBPA Factsheet­
Tetrabromobisphenol A for printed circuit boards and ABS plastics. 

Cariou R, Antignac JP, Zalko D, Berrebi A, Craved I JP, Maume D, Marchand P, 
Monteau F, Rlu A, Andre F, Le Bizec B. 2008. Exposure assessment of 
French women and their newborns to tetrabromobisphenoi-A: occur­
rence measurements in maternal adipose tissue, serum, breast milk 
and cord serum. Chemosphere 73: 1 036-1 041 . 

Colnot T, Kacew S, Dekant W. 2014. Mammalian tox icology and hu­
man exposures to the flame retardant 2,2',6,6'-tetrabromo-4,4'­
isopropylidenedlphenol (TBBPA): implications for risk assessment. 
Arch. Toxico/. 88: 553-573. 

Committee on Toxicity of Chemicals in Food, Consumer Products and the 
Environment (Con. 2004. Tetrabromobisphenol A - Review of the tox­
icological data. 

Decherf S, Seugnet I, Fini JB, Clerget-Froidevaux MS, Demeneix BA. 
2010. Disruption of thyroid hormone-dependent hypothalamic 
set-points by environmental contaminants. Mol. Cell. Endocrinol. 
323: 172- 182. 

Drlffield M, Harmer N, Bradley E, Fernandes AR, Rose M, Mortimer D, Dicks P. 
2008. Detennination of brominated flame retarndants in food by LC­
MS/MS: diastereoisomer-specific hexabromocyclododecanda dn 
tetrabromobisphenol A. Food Addit. Contam. Part A Chern. Anal. Control 
Expo. Risk Assess. 25: 895-903. 

European Food Safety Administration (EFSA). 2011. Scientific Opinion on 
Tetrabromobisphenol A (TBBPA) and its derivatives in food. EFSA J. 
9: 2477. 

European Union (EU). 2006. Risk Assessment Report: 2,2',6,6'-TETRABROM0-
4,4'-ISOPROPYLIDENEDIPHENOL (TETRABROMOBISPHENOL-A or TBBP­
A), Part II - Human Health. Volume 63. 

Food Safety Authority of Ireland (FSAI). 2010. Investigation into levels of 
chlorinated and brominated organic pollutants in carcass fat, offal, eggs 
and milk produced In Ireland. 

Fukuda N, Ito Y, Yamaguchi M, Mltumorl K. Kolzumi M, Hasegawa R, 
Kamata E, Ema M. 2004. Unexpected nephrotoxicity Induced by 
tetrabromobisphenol A In newborn rats. Tox/col. Lett. 1 SO: 
145,155. 

Germer S, Piersma AH, van der Ven L, Kamyschnikow A, Fery Y, Schmitz HJ, 
Schrenk D. 2006. Subacute effects of the brominated flame retardants 
hexabromocyclododecane and tetrabromobisphenol A on hepatic 
cytochrome P450 levels in rats. Toxicology 218: 229-236. 

Gosavi RA, Knudsen GA, Birnbaum LS, Pedersen LC. 2013. Mimicking of 
estradiol binding by flame retardants and their metabolites: a crystallo­
graphic analysis. Environ. Health Perspect. 121: 1194--1199. 

Greaves P. 2012. Histopathology of Preclinical Toxicity Studies. Elsevier­
Academic Press: London. 

Hamers T, Kamstra JH, Sonneveld E, Murk AJ, Kester MH, Andersson PL. 
Legler J, Brouwer A. 2006. In vitro profiling of the endocrine­
disrupting potency of brominated flame retardants. Toxicol Sci. 92(2): 
157- 173. 

Harrad S, Abdallah MA, Rose NL, Turner SD, Davidson TA 2009. Current-use 
brominated flame retardants in water, sediment, and fish from English 
lakes. Environ. Sci. Techno/. 43: 9077-9083. 

Harrad 5, Goosey E, Desborough J, Abdallah M, Roosens L, Covaci A. 2010. 
Dust from U.K. primary school classrooms and daycare centers: The sig­
nificance of dust as a pathway of exposure of young U.K. children to 
bromlnated flame retardants and polychlorinated biphenyls. Environ. 
Sci. Techno/. 44: 4198-4202. 

He MJ, Luo XJ, Yu LH, Wu JP, Chen SJ, Mai BX. 2013. Diasteroisomer and 
enantiomer-specific profiles of hexabromocyclododecane and 
tetrabrornobisphenol A in an aquatic environment in a highly industri­
alized area, South China: vertical profile, phase partition, and bioaccu­
mulation. Environ. Pollut. 179: 105-110. 

Health Canada/ Environment Canada. 2013. Screening Assessment 
Report: Phenol, 4,4' -(1-methylethylidene) bis[2,6-dibromo- (Chem­
ical Abstracts Service Reg istry Number 79-94-7), Ethanol, 2,2'-[(1 -

wileyonlinelibrary.com/journal/jat Copyright <C 2015 The Authors. Journal of Applied Toxicology 
published by John Wiley & Sons Ltd. 

J. Appl. Toxicol. 2015; 35: 1292-1308 



Toxicity and exposure characterization for TBBPA 

methylethylidene)bis[(2,6-dibromo-4, 1-phenylene)oxy)] bis (Chemi­
cal Abstracts Service Registry Number 4162-45-2), Benzene, 
1,1'-{1 methylethylidene)bis[3,5-dibromo-4-(2- propenyloxy)- (Chem­
ical Abstracts Service Registry Number 25327-89-3). 

lmai T, Takami S, Cho YM, Hirose M, Nishikawa A. 2009. Modifying 
effects of prepubertal exposure to potassium perchlorate and 
tetrabromobisphenol A on susceptibility to N-bis(2-hydroxypropyl)ni­
trosamine- and 7, 12-dimethylbenz(a)anthracene-induced carcinogene­
sis In rats. Toxlcol. Lett. 185: 160-167. 

Jakobsson K, Thuresson K, Rylander L, Sjodin A, Hagmar L, Bergman A 2002. 
Exposure to polybromlnated dlphenyl ethers and tetrabromobisphenol 
A ;~mong computer technicians. Chemosphere 46: 709-716. 

Kang MJ, Kim JH, ShinS, Choi JH, Lee SK, Kim HS, Kim ND, Kang GW, Jeong 
HG, Kang W, Chun YJ, Jeong TC. 2009. Nephrotoxic potential and 
toxicokinetics of tetrabromobisphenol A in rat for risk assessment 
J. Toxicol. Environ. Health A 72: 1439-1445. 

Kim UJ, Oh JE. 2014. Tetrabromobisphenol A and hexabromocyclo­
dodecane flame retardants in infant-mother paired serum samples, 
and their relationships with thyroid hormones and environmental fac­
tors. Environ. Pollut. 184: 193-200. 

Kirman C, Budinsky RA. Yost L, Baker BF, Zabik JM, Rowlands JC, Long TF, 
Simon T. 2011 . Derivation of Soil Clean-Up Levels for 2,3,7 ,8-
Tetrachloro-dibenzo-p-dioxin (TCDD) Toxicity Equivalence (TEQDIF) in 
Soil Through Deterministic and Probabilistic Risk Assessment of Expo­
sure and Toxicity. Hum. Ecol. Risk Assess. 17: 125-158. 

Kitamura 51, Suzuki T, Sanoh S, Kohta R, Jlnno N, Sugihara K, Yoshlhara S, 
Fujimoto N, Watanabe H, Ohta S. 2010. Comparative study of the endo­
crine-disrupting activity of bisphenol A and 19 related compounds. 
Toxicol Sci. 84(2): 249-259. 

Klimisch HJ, Andreae M, TIIImann U. 1997. A systematic approach for eval­
uating the quality of experimental toxicological and ecotoxicological 
data. Regul. Toxicol. Pharmacol. 25: 1-5. 

Knudsen GA, Sanders JM, Sadik AM, Birnbaum LS. 2014. Disposition and ki­
netics of tetrabromobisphenol A in female Wistar Han rats. Toxicol. Rep. 
1:214-223. 

Koenig H, Goldstone A. Blume G, LuCY. 1980. Testosterone-mediated sex­
ual dimorphism of mitochondria and lysosomes in mouse kidney prox­
Imal tubules. Science 209: 1023-1026. 

Labadie P, Tllli K, Alliot F, Bourges C, Desportes A, Chevreuil M. 2010. Devel­
opment of analytical procedures for trace-level determination of 
polybrominated dlphenyl ethers and tetrabromobisphenol A In river 
water and sediment Anal. Bioanal. Chern. 396: 865-875. 

Li J, Ma M, Wang Z. 2010. /n vitro profiling of endocrine disrupting effects of 
phenols. Toxicol.ln Vitro 24: 201-207. 

Lilienthal H, VerwerCM, van derVen LT, Piersma AH, VosJG. 2008. Exposure 
to tetrabromobisphenol A (TBBPA) in Wistar rats: neurobehavioral ef­
fects in offspring from a one-generation reproduction study. Toxicology 
246:45-54. 10.1016/j.tox.2008.01 .007. 

Ni HG, Zeng H. 2013. HBCD and TBBPA in particulate phase of indoor air in 
Shenzhen, China. Sci. Total Environ. 458-460: 15-19. 

National Toxicology Program (NTP). 2002. Tetrabromobisphenol A 
[79-94-7]: Review of Toxicological Literature. 

National Toxicology Program (NTP). 2013. NTP Technical Report on the tox­
Icology studies of tetrabromobisphenol A (CAS no. 79-94-7) In 
F344/NTac rats and B6C3F1/N mice and toxicology and carcinogenesis 
studies of tetrabromobisphenol A In Wlstar Han [Cri:WI(Han)] rats and 
B6C3F1/N mice. NIH Publication no. 14-5929. 

Peterman PH, Orazio CE, Gale RW. 2000. Detection of tetrabromobisphenol 
A and formation of brominated 13C-bisphenol A's in commercial drinking 
water stored in reusable polycarbonate containers. Div. Environ. Chem. 
Preprints Extended Abstr. 40:431-433. As cited in Health Canada 2013 

Saegusa Y, Fujimoto H, Woo GH, Inoue K, Takahashi M, Mitsumori K, 
Hirose M, Nishikawa A. Shibutani M. 2009. Developmental toxicity 
of brominated flame retardants, tetrabromobisphenol A and 
1,2,5,6,9, 10-hexabromocyclododecane, in rat offspring after maternal 
exposure from mid-gestation through lactation. Reprod. Toxicol. 28: 
456-467. 

Saegusa Y, Fujimoto H, Woo GH, Ohishi T, Wang L, Mitsumori K, Nishikawa 
A, Shibutanl M. 2012. Transient aberration of neuronal development In 
the hippocampal dentate gyrus after developmental exposure to bro­
minated flame retardants In rats. Arch. Toxlcol. 86: 1431- 1442. 

Sa toT, Watanabe K, Nagase H, Klto H, Nllkawa M. 1996. Toxicity of the bro­
minated flame retardant (tetrabromobisphenoi-A). Toxicol. Environ. 
Chem. 55: 159-171 . 

Journal of 

AppliedToxicology 

Schroeder R. 2002a. A 90-day oral toxicity study of tetrabromobisphenol A in 
rats with a recovery group. Study Number: 474-006. MPI Research, Inc.: 
Mattawan, MI. 

Schroeder R. 2002b. An oral two generation reproductive, fertility, and devel­
opmental neurobehavioral study of tetrabromobisphenol A in rats. Study 
Number: 474-004. MPI Research, Inc.: Mattawan, MI. 

Schroeder R. 2003. Amendment to the final report: An oral two generation re­
productive, fertility, and developmental neurobehavioral study of 
tetrabromobisphenol A in rats. Study Number: 474-004. MPI Research, 
Inc.: Mattawan, MI. 

Shl Z, Jiao Y, Hu Y, Sun Z, Zhou X, Feng J, Ll J, Wu Y. 2013. Levels of 
tetrabromoblsphenol A, hexabromocyclododecanes and 
polybromlnated dlphenyl ethers in human milk from the general popu­
lation In Beijing, China. Sci. Total Environ. 452-453: 10-18. 

Shi ZX. Wu YN, Li JG, Zhao YF, Feng JF. 2009. Dietary exposure assessment 
of Chinese adults and nursing infants to tetrabromobisphenoi-A and 
hexabromocyclododecanes: occurrence measurements in foods and 
human milk. Environ. Sci. Techno!. 43: 4314-4319. 

Sjodin A, Patterson DG, Jr, Bergman A. 2003. A review on human exposure 
to brominated flame retardants--particularly polybrominated diphenyl 
ethers. Environ. Int. 29: 829-839. 

Slikker W, Anderson ME, Bogdanffy MS, Bus JS, Cohen SD, Conolly RB, David 
RM, Doerrer HG, Dorman DC, Gaylor DW, Hattis D, Rogers JM, Setzer RW, 
Swenbery JA, Wallace K 2004. Dose-dependent transitions in mecha­
nisms of toxicity: case studies. Toxicol. Appl. Pharmacal. 201 : 226-294. 

Sommers SC. 1953. Ovarian Rete Cysts. Am. J. Pathol. 29: 853...S59. 
Szymanska, JA. 1995. Comparison of Hepatotoxicity of Monobromoben­

zene, Dlbromobenzenes, Hexabromobenzene and Tetrabromobis­
phenol A. In Advances In Organobromlne Chemistry II, Desmurs J-R, 
Gerard B, Goldstein MJ (eds). 7; 1-428. 

Szymanska JA, Piotrowski JK, Frydrych B. 2000. Hepatotoxicity of 
tetrabromobisphenoi-A: effects of repeated dosage in rats. Toxicology 
142: 87-95. 

Tada Y, Fujitani T, Ogata A, Kamimura H. 2007. Flame retardant 
tetrabromobisphenol A induced hepatic changes in ICR male mice. En­
viron. Toxicol. Pharmacol. 23: 174-178. 10.1016/j.etap.2006.08.007. 

Tada Y, Fujitani T, Yano N, Takahashi H, Yuzawa K, Ando H, Kubo Y, 
Nagasawa A, Ogata A, Kamimura H. 2006. Effects of tetrabromo­
bisphenol A. brominated flame retardant, in ICR mice after prenatal 
and postnatal exposure. Foad Chern. Toxicol. 44: 1408- 1413. 

Turusov VS, Torii M, Sills RC, Willson GA, Herbert RA. Hailey JR, Haseman JK, 
Boorman GA. 2002. Hepatoblastomas In mice In the US National Toxi­
cology Program (NTP) studies. Toxico/. Pathol. 30:580-591. 

USEPA 1989. Risk Assessment Guidance for Superfund: Volume I - Human 
Health Evaluation Manual (Part A). Office of Solid Waste and Emergency 
Response. EPN540/1-89/002a. December. 

USEPA 1991 . 05WER DIRECTIVE: 9285.6-03. Risk Assessment Guidance 
for Superfund Volume 1: Human Health Evaluation Manual, Supple­
mental Guidance, "Standard Default Exposure Factors", Interim Final, 
Office of Emergency and Remedial Response, Toxics Integration 
Branch. March. 

USEP A. 1992. Guidelines for Exposure Assessment. Risk Assessment Forum. 
Washington DC. EPN600/Z-92/001. May. 

USEPA. 1997. Exposure Factors Handbook. Office of Research and Develop­
ment, National Center for Environmental Assessment Washington DC. 
EPN600/P-95/002Fa, -002Fb, and -oo2Fc. August 

USEPA. 2000. Supplemental Guidance to RAGS: Region 4 Bulletins, Human 
Health Risk Assessment Bulletins. EPA Region 4. 

USEPA. 2002. A review of the reference dose and reference concentration 
processes. Risk Assessment Forum, Washington, DC 

USEPA 2003. Example Exposure Scenarios. National Center for Environmen­
tal Assessment: Washington, DC. EPN6001 R-{)3/036. 

USEPA 2005a. Guidelines for Carcinogen Risk Assessment. U.S. Environmental 
Protection Agency: Washington, DC, EPN630/P-{)3/001 F, 2005. 

USEPA 2005b. Human Health Risk Assessment Protocol for Hazardous 
Waste Combustion Facilities, Final. Office of Solid Waste and Emergency 
Response. EPA530-R-{)5-006. September. 

USEPA. 2011 . Exposure Factors Handbook: 2011 Edition. Office of Research 
and Development, National Center for Environmental Assessment: 
Washington DC EPN600/R-{)90/052F. September. 

USEPA 2012. Benchmark Dose Technical Guidance. Risk Assessment Forum, 
U.S. Environmental Protection Agency: Washington, DC. 

USEPA 2013. Regional Screening Table. http://www.epa.gov/reg3hwmd/ 
rlsk/human/rtK:oncentratlon_tablellndex.htm [February 2014] 

J. Appl. Toxicol. 2015; 35: 1292-1308 Copyright tO 2015 The Authors. Journal of Applied Toxicology 
published by John Wiley & Sons Ltd. 

wileyonlinelibrary.com/journal/jat 



Journal of 

AppliedToxicology 

Vander Ven LT, Van de Kuil T, Verhoef A, Verwer CM, Lilienthal H, Leonards 
PE, Schauer UM, Canton RF, Litens S, De Jong FH, Visser TJ, Dekant W, 
Stern N, Hakansson H, Slob W, Van den Berg M, Vos JG, Piersma AH. 
2008. Endocrine effects oftetrabromobisphenoi-A (TBBPA) in Wistar rats 
as tested in a one-generation reproduction study and a subacute toxic­
ity study. Toxicology 245: 76-89. 

Verwer CM, van der Ven LT, van den Bos R, Hendriksen CF. 2007. Effects of 
housing condition on experimental outcome in a reproduction toxicity 
study. Regul. Toxicol. Pharmacol. 48: 184-193. 

Watanabe W, Shimizu T, Sawamura R, Hi no A, Konno K, Hirose A, Kurokawa 
M. 2010. Effects of tetrabromoblsphenol A, a bromlnated flame retar­
dant, on the Immune response to respiratory syncytial virus Infection 
In mlce./nt. lmmunopharmacol. 10: 393-397. 

Wignall JA, Shapiro AJ, Wright FA, WoodruffTJ, Chlu WA, Guyton KZ, Rusyn 
I. 2014. Standardizing benchmark dose calculations to improve science­
based decisions in human health assessments. Environ. Health Perspect. 
122:499-505. 

Williams AL, DeSesso JM. 2010. The potential of selected brominated flame 
retardants to affect neurological development.). Toxicol. Environ. Health 
8 Crit. Rev. 13: 411-448. 

D. Wikoff eta/. 

de Wint~r-Sorkina R, Bakker Ml, van Donkersgoed G, van Klaveren JD. 2003. 
Dietary intake of brominated flame retardants by the Dutch population. 
National Institute of Public Health and the Environment (RIVM), RIVM 
RepOrt no. 310305001 . 

de Wit CA. 2002. An overview of brominated flame retardants in the envi­
ronment. Chemosphere 46: 583-624. 

Yang S, Wang S, Liu H, Yan Z. 2012. Tetrabromobisphenol A:. tissue distribu­
tion in fish, and seasonal variation in water and sediment of Lake 
Chaohu, China. Environ. Sci. Pollut. Res. Int. 19: 4090-4096. 

Zatecka E, Ded L, Elzeinova F, Kubatova A, Dorosh A, Margaryan H, 
Dostalova P, Peknlcova J. 2013. Effect of tetrabrombisphenol A on In· 
ductlon of apoptosls In the testes and changes In expression of selected 
testicular genes In CD1 mice. Reprod. Toxlco/. 35: 32-39. 

Supporting information 
Additional supporting information may be found in the online 
version of this article at the publisher's web-site. 

wileyonlinelibrary.com/journal/jat Copyright <0 2015 The Authors. Journal of Applied Toxicology 
published by John Wiley & Sons Ltd. 

J. Appl. Toxicol. 2015; 35: 1292-1308 









U.S. Consumer Product Safety Commission 
Questions for the Record 

Public Hearing on the Petition Regarding 
Additive Organohalogen Flame Retardants 

Holly Davies, Washington State Department of Ecology 

Chairman Elliot F. Kaye 

1. Supposing that the Commission takes this action and bans these chemicals in 
these four product categories under the Federal Hazardous Substances Act 
(FHSA), how do we identify and avoid the unintended consequences of 
alternatives that may be used in place of these chemicals? Can you foresee issues 
about which the Commission should know now? 

The objective of an alternatives assessment is to replace chemicals of concern in products 
or processes with safer alternatives, thereby protecting and enhancing human health and 
the environment. Alternatives assessments are designed to avoid unintended 
consequences of alternatives that may be used. An example of one framework is the 
Interstate Chemical Clearinghouse Alternative Assessment Guide (IC2 201 3). A 
complete alternatives assessment identifies and compares available chemical and non­
chemical alternatives that could potentially be used as substitutes to a chemical, product, 
or technology of concern. Alternatives assessments require assessment of hazard, 
exposure, performance, and cost and availability. so any safer alternatives that are 
identified have all of those. This type of assessment would ensure that the replacement or 
alternate teclmology is not a regrettable substitution. 

Tnterstate Chemicals Clearinghouse (IC2), 2013. Alternatives Assessment Guide. 176 pages. 
http ://theic2.org/altematives assessment guide 

2. Some speakers claimed that they expected that no chemicals would be used as a 
substitute for these flame retardants in at least some of the products. Do you 
agree and why? 

We agree that no chemicals could be safely used as a substitute for these t1ame retardants 
in at least some of the products. 

The 2007 Washington State ban on deca-BDE in residential upholstered furniture and 
electronic enclosures went into effect after the departments of Ecology and Health 
determined there are safer alternatives for those uses. Ecology and Health completed an 
alternatives assessment for upholstered furniture and found that chemical flame retardants 
are not necessary in these products (Ecology 2009). There are ban·ier fabrics or inherently 
flame-resistant materials that meet fire safety standards for furniture. 
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The 1975 Califomia Technical Bulletin 117 (TB-117) for upholstered furniture was a 
strong diver for chemical flame retardant use. Due to its open flame test for polyurethane 
foam materials, chemical flame retardants were the only practical alternative to meet the 
standard. Furniture products sold nationally often met this standard to ensure they could 
be sold in the large California market. In 2013 Califomia updated its standard for smolder 
resistance instead of open flame and chemical flame retardants are no longer needed in 
foam to meet the updated TB-117 -2013 standard. 

Ecology, 2009. Alternatives to Deca-BDE in Televisions and Computers and Residential 
Upholstered Furniture. Washington State Depattment of Ecology Publication No. 09-07-041 . 

3. Could you please comment on the validity of the structure-activity relationship 
(SAR) method. Can the structure alone be used to determine that these chemicals 
pose the same risks to human health? Are there additional data needed to validate 
these claims? If so, what are they? 

SAR is used to predict the hwnan toxicological, ecotoxicological, or physiochemical 
activity of a molecule. SARis particularly useful as an initial screen for decisions on 
additional testing. It is based upon structure and activity information gathered from a 
series of similar compounds. Compounds are often classed together because they have 
structural characteristics in common including shape, size, stereochemical arrangement, 
and distribution of functional groups. EPA relies on SARto respond to Pre­
Manufacturing Notices (PMN) for new chemicals in a timely matter. In the European 
Union REACH uses SAR for "read across" to evaluate classes of similar chemicals. 
Using SARto evaluate potential hazards is similar to how chemicals with similar 
structures are used as replacements for their desirable characteristics. Unfortunately, 
similar compounds are also likely to have similar risks to human health. 

SAR is useful and does not replace a full assessment. Standard in vitro assays, in vivo 
animal assays for carcinogenicity, reproductive toxicity, aquatic toxicity, etc., in addition 
to human epidemiological studies would also be required to assess the toxicity. 

4. In order to treat these chemicals (and any future chemicals that may fall under the 
scope of the petition) as a single class for purposes of rulemaking, what end point 
or points should be considered? 

Endpoints for children's exposure are patiicularly important. Children are at higher risk 
because of their physiology and natural behaviors, and because they are rapidly 
developing. Extended observation is needed because neurological, cognitive, 
reproductive, and behavioral outcomes may not become apparent urttil much later in life 
after exposure during childhood or in utero. Doses required for these effects are typically 
lower than doses associated with observable toxicity in adults. 
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Commissioner Joseph Mohorovic 

1. During the hearing you stated that TBBP A is toxic and is a high risk to children. 
Please provide studies that support your views regarding TBBP A. 

In my testimony I said Washington's list of Chemicals ofl-:[igh Concern to Children 
contains five organohalogen f1an1e retardants, including TBBP A. I mentioned human 
toxicity and did not mention risk. 

There are many studies that support the toxicity of TBBP A to humans, although the 
studies are mixed. For simplicity, 1 have mostly referenced reviews here. A recent review 
epidemiological studies on impacts from brominated flame retardants on humans (Kim, 
2014) found plausible outcomes associated with exposure to brominated flame retardants 
(HBCD, polybrominated biphenyl [PBB], PBDEs, and TBBPA) include neurological and 
developmental disorders, cancer, reproductive health effects, and alteration of thyroid 
function. 

The EU risk assessment notes some non-adverse effects on thyroid hormones (ECHA 
2006, Dekant 2010). However, the EPA DfE hazard assessment (USEPA 2014) assigned 
more importance to those endocrine effects. The DfE hazard assessment scored TBBP A 
as moderate for carcinogenicity based on rat studies. Some of the rat studies showed 
increased incidence of certain cancers in one or both sexes. D:fE also scored TBBP A as 
moderate for developmental toxicity due to mixed results from different studies. The 
National Institutes of Health, National Toxicology Program (NTP) determined that there 
was clear evidence of carcinogenic activity for TBBPA (an increased incidence of uterine 
tumors in female rats) (NTP 2014). 

EPA derived a preliminary daily oral cancer potency factor of 0.00329 mg/kg/day for 
humans from the National Toxicology Program data on studies using rodents as model 
organisms (US EPA 20 15). The cancer potency factor represents the extra lifetime risk of 
uterine tumors per mg ofTBBPA/kg body weight/day. Using standard risk assessment 
assumptions (10-6 risk level), an oral screening value for cancer effects in the general 
population would be 0.304 jlg/kg bw/day, EPA Appendix J. 

Dekant, Wolfgang; 2010. Risk assessment ofTBBPA: Updating the EU-RiskAssessment 
Reports. 20 pages. 

ECHA (2006) EU-Risk Assessment Report 2,2'.6.6'-Tetrabromo-4,4'-isopropylidenediphenol. 
Registered substances. European Chemicals Agency. 170 pages. 

Kim, Y. R.; Harden, F. A.; Toms, L. M.: Norman, R. E.; 2014. Health consequences of 
exposure to brominatedflame retardants: a systematic review. Chemosphere. 

NTP, 2014. Toxicology studies of tetrabromobisphenol A {CAS no. 79-94-7) in f344/ntac rats and 
b6c3f1/n mice and toxicology and carcinogenesis studies of Tetrabromobisphenol A in wistar han 
[crl:wi{han)] rats and b6c3f1/n mice. National Toxicology Program - National Institutes of Health 
Public Health Service: North Carolina. 
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U.S. Environmental Protection Agency (USEPA), 2014. Flame Retardants in Printed Circuit 
Boards. revised 2014, 726 pages. 

USEPA, 2015, TSCA Work Plan Chemical Problem Formulation and Initial Assessment­
Tetrobromobisphenol A and Related Chemicals Cluster Flame Retardants. Environmental 

Protection Agency. p. 135. 

2. Another witness at the hearing cited a study (attached is a copy of the study, 
"Development of toxicity values and exposure estimates for tetrabromobisphenol 
A: application in a margin of exposure assessment," accepted for publication in 
the Journal of Applied Toxicology on January 19, 1995) that shows human 
exposure to the TBBP A is 7 million times below the level associated with 
potential health effects. Do you have any research or data to refute this study? 

This study (Wikoff 20 15) was done by a consulting firm hired by the North American 
Flame Retardant Alliance (NAFRA) Panel of the American Chemistry Council (ACC) to 
estimate non-occupational exposures to TBBP A and to compare them with levels of 
human health concem. Their analysis derived an oral reference dose (RID) of0.6 mg/kg­
day value based on a uterine hyperplasia in rats, and used an oral cancer slope factor 
similar to EPA's. Their analysis showed large margins of exposure indicating a low level 
ofhealth concern associated with exposures to TBBPA based on current data. We agree 
that ctment TBBPA ambient environmental and dietary exposure levels appear to be low 
relative to human health concern levels. If the use ofTBBPA increased, then the 
exposure would also increase. Thus, due to the toxicity of TBBPA, it is not appropriate to 
use as a replacement for other organohalogen flame retardants. 

Wikoff, D., et a 1., Development of toxicity values and exposure estimates for 
tetrabromobisphenol A: application in a margin of exposure assessment. J Appl Toxicol, 2015. 

3. Do you have data on what non-polymeric additive organohalogen flame retardants 
are in what products? And if so, please provide. 

Ecology has performed testing of products in some of these categories in addition to 
literature reviews for studies that have tested for certain chemicals. Our product testing 
data is publically available in our product testing database 
(https:l/fmiress.wa.gov/ecy/ptdbpublicreporting/). Chapter 3 of a recent report prepared 
by Ecology lays out product testing infonnation for some of the product categories 
(Ecology 2015). It includes the product testing studies conducted by Ecology and a 
review of the scientific literature on other studies. Some ofthis information is 
summarized in Table 1 ofthe report, which is reproduced below. There is additional 
information for other flame retardants reviewed in the Ecology report (20 1 5). 

In order to get a more comprehensive understanding of what chemicals are used where, 
reporting of all of add itive organohalogen flame retardants used by manufacturers or 
producers would be needed. 
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Table 1: Commonly used flame retardants and where they have been detected in products, from 
Ecology 2015. r- Detected as an additive but less than 1% by weight. References to studies in original 
report. 

Children's Furniture Other Products Dust 
Products 

Chemical WA US/Global WA US/Global WA US/Global WA US/Global 

TBBPA • • • • 
TPP • • r • • • 
TCEP r r r r I • 
TCPP • • r • • • 
TDCPP • • • • • • • 
HBCD r • • • 
V6 • • • • • 
TBBPA • • • • • 
TBPH • • • • • 
Ecology, 2015. Flame Retardants, a report to the legislature. Washington State 
Depmiment ofEcology Pub. No. 14-04-047. 100 pages. 

• 
• 
• 
• 
• 
• 
• 
• 
• 

4. Do you have data on how non-polymeric additive organohalogen flame retardants 
are applied? And if so, please provide. 

This is not our area of expertise. A manufacturer of these products would know how non­
polymeric additive organohalogen flame retardants are applied. 

5. Do you have data on the toxicity of all of the non-polymeric additive 
organohalogen flame retardants included in the petition? And if so, please 
provide. 

Since the petition includes all non-polymeric add itive flame retardants, we do not have 
data on their toxicity. More than 75 brominated flame retardants are currently in use 
(Guerra, 2011) and very little is known about the hazards and exposures of most of them. 
In general there is a lack of transparency both for what flame :retardants are in use and 
their toxicity information. For example, we found that manufacturers have moved away 
from the use ofPBDE in general consumer and children's products. However, the 
presence of high bromine levels and low PBDE concentrations suggested alternative 
brominated flame retardants were likely used in the products. Under federal chemical 
regulation legacy chemicals from before 1976, including flame retardants, are assumed to 
be safe until proven harmful. New chemicals are reviewed by EPA but the information is 
not shared. 

Guerra, P. ; Alaee, M.; Eljarrat, E.; Barcelo, D.; 20 II. Introduction to Brominated Flame 
Retardants: Commercially Products, Applications, and Physiochemical Properties, Springer, 
Berlin, p. 1-17. 
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6. Do you have data on the exposure to different populations of non-polymeric 
additive organohalogen flame retardants? And if so, please provide. 

Biomonitoring studies have found flame retardant chemicals in people's urine, blood, 
tissues, and breastmilk. We have not done our own biomonitoring, but the Washington 
State Department of Health has compiled extensive information on human exposure to 
flame retardants in an upcoming report. Their report includes data on exposure to 
chi ldren in particular and that children often have higher levels of flame retardants. Three 
studies are referenced below regarding children's exposure to HBCD, TBBPA, TBB, and 
TDCPP. I will send the repott to the CPSC when it is available. 

Kim, UJ et al. (2014) Environ Pollut 184:193-200 
Butt, CM et al. (2014) Envir Sci Technol48 (17):10432-8 
Hoffman. K eta!., (2015) Environ Sci Technol Dec 15;49(24): 14554-9. 

7. Do you have any studies on the benefits of non-polymeric additive organohalogen 
flame retardants? And if so, please provide. 

The performance benefits of non-polymeric additive organohalogen flame retardants can 
be met through either safer non-halogenated flame retardants or non-chemical 
alternatives. 

Ecology, 2015. Flame Retardants. a report to the legislature. Washington State 
Depattment ofEcology Pub. No. 14-04-047. 100 pages. 

U.S. Environmental Protection Agency (EPA), 2014. Flame Retardants Used in Flexible 
Polyurethane Foam: An Alternatives Assessment Update, draft release June 2014, 840 pages. 

8. Ofthe approximate 16,000 products that CPSC regulates, provide an estimate of 
percentage of those products that would be impacted by a ban on non-polymeric 
additive organohalogen flame retardants? 

Due to the lack of transparency in the US regulatory system, we do not know how many 
·of these products current contain non-polymeric additive organohalongen flame 
retardants and would be affected by a ban. 
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Executive Summary 

In 2014, the Washington State Legislature directed the Department of Ecology (Ecology) to review 

information on flame retardants, test products, and develop recommendations for bans or 
restrictions on the use of flame retardants in children' s products and furniture. The Legislature 
requested specific information on tetrabromobisphenol A (TBBPA) and antimony, as well as other 

flame retardants detected in children' s products and furniture. This report was prepared in response 

to this directive. 

Ecology's Approach 

Ecology' s investigation first looked at general information on tetrabromobisphenol A (TBBPA) 
and antimony, with additional focus on their use in children' s products and furniture. Second, the 

investigation looked at test results for the presence of a broader suite of flame retardants 

(including TBBPA and antimony) in children's products, household products, and furniture. This 

broader suite included flame retardants that are on the Children's Safe Product Act's chemicals 
of high concern to children reporting list, and others that have been commonly reported in 

children's products and furniture. Staff also considered the use offlame retardants in electronics 

because that is where most TBBPA is used and is a potential source of exposure for children. 

As prescribed in the legislative directive, this report summarizes available information on flame 

retardants and contains the following chapters or sections: 

• Classes • Safer alternatives 
• Uses and product testing • Existing regulatory programs 
• Product testing • End of life/disposal 
• Hazards, health effects and exposures • Key findings and recommendations 
• Environmental concerns 

Ecology' s approach included reviewing available scientific literature on flame retardants as well 

as conducting its own tests on a variety of products. Staff also analyzed information reported to 
Ecology under the Children' s Safe Products Act (CSPA). 

When considering potential health concerns, Ecology evaluated scientific literature that assessed 

the chemicals' toxicity (for example, if they were carcinogens, mutagens, irritants, or reproductive, 
developmental, or aquatic toxicants). Biomonitoring studies were evaluated to identify flame 

retardants already in people. The potential for people and the environment to be exposed to these 

chemicals was evaluated through review of studies on the presence of flame retardants in indoor 

dust, wastewater, fish and sediment. 



Ecology staff also tested a variety of products fo r the presence of flame retardants. Types of 

products tested include: 

• Baby carriers • Children' s furniture 

• Tents • Carpet pads 

• Booster seats • Small electronics 

• Changing pads/mats • Building products 

• Furniture • Clothing 

Ecology staff also reviewed available alternatives assessments for flame retardants used in 

children's products, furniture, and electronics. An alternatives assessment is a process to improve 

decisions on replacements to toxic chemicals used in manufacturing processes and products. 
These assessments help avoid making "regrettable substitutions." A regrettable substitution 

occurs when a toxic chemical is replaced with another chemical of equal or greater toxicity. 

Where there is strong evidence for concern about specific flame retardant chemicals and safer 

alternatives are available, Ecology's recommendations focus on eliminating use of those 

chemicals in order to reduce exposure, particularly for children. Where the evidence is less well 

established, Ecology recommends further study. 

Background 
flame retardants are used in a wide variety of products including foam, plastics, and textiles. Many 

are high-production volume chemicals with more than one million pounds produced a year. Flame 

retardants are added to p~oducts to slow the spread of a fire and provide additional escape time. 

Over time, concerns have increased about the potential negative effects of many flame retardants 

on human health and the environment. Different flame retardants have different physical and 

chemical properties, which influence their effectiveness in specific applications. 

One of the major classes of flame retardants is halogenated chemicals, which incorporates chlorine 

or bromine as a building block. TBBPA is an example of a halogenated chemical. This family of 
flame retardants also includes polybrominated diphenyl ethers, or PBDEs, which Washington 

banned beginning in 2008. Since the ban, studies have shown that alternatives, including other 
halogenated flame retardants, have replaced PBDEs. While the use of these replacement flame 

retardants in children' s products and furniture is the subject of concern in this report, Ecology 

makes additional findings and recommendations on other uses of these chemicals. 

There is a limit to what can be learned from product testing. Only additive flame retardants - those 

loosely bound to other ingredients in a product - can be identified. Reactive flame retardants 

cannot be extracted and analyzed since they are chemically bound to the base material. For 

example, TBBPA is used in both forms- it is added to plastics used in electronic enclosures, but in 
printed circuit boards, it is used in the reactive form. When testing results show the presence of 

TBBPA in a product, those results are just measuring the amount of unbound TBBPA. Another 
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difficulty is the availability of known standards for laboratory analysis. If a standard is not 
available, the laboratory will be unable to confirm the presence and amount of the flame retardant 
of interest. 

It is also important to note that there is little available toxicity or use information for many flame 
retardants. While federal and state laws often target specific flame retardants in certain products, 
the safety of the alternatives is often not adequately assessed. Recent regulatory changes in 
California reduced the requirement for flame retardants in furniture and other foam products. 

Flame Retardants in Certain Children's Products and 
Furniture 

Use 

• Many different flame retardants have been identified in a variety of children' s products, 
including: car seats, changing table pads, sleep positioners, portable mattresses, nursing 
pillows, baby carriers, high chairs, and infant bath mats and slings. 

• Halogenated flame retardants (those that contain bromine or chlorine) are often used in 
furniture in both flexible polyurethane foam and textiles. 

• TBBPA and HBCD, both halogenated flame retardants, are occasionally used in fabric 
applications. 

Testing 

• Ecology tested children' s products and furniture, including products such as baby changing 
mats, crib wedges, upholstered furniture, and carpet pad. 

• Ecology' s testing found a variety of flame retardants in children's products and furniture, 
including six halogenated flame retardants (TDCPP, TCEP, TCPP, V6, TBB, TBPH) and 

two phosphate-based chemicals (IPTPP and TPP). TBB, TBPH, IPTPP and TPP are used 
together as mixtures for commercial formulations. The remaining four flame retardants are 
used alone. 

• TBBPA and HBCD were not detected in children' s products and furniture at levels consistent 
with use as a flame retardant in products tested by Ecology. 

Hazards and Health Effects 

• The health effects of flame retardant chemicals include carcinogenicity, endocrine and 

reproductive effects, and neurological and developmental disorders. 
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• TBBPA may have moderate carcinogenicity and under certain conditions, can break down 
into bisphenol A, a chemical that is banned in Washington in baby bottles, sippy cups and 

sports bottles. 

• HBCD can harm the liver and thyroid, and has reproductive and development toxicity. 

Exposure 

• Most of the flame retardants used in polyurethane foam and fabric have been found in indoor 

dust and many were found in people through biomonitoring. 

• These flame retardants are additive, meaning they are not chemically bonded to the polymers 

or chemical materials used in the product (e.g. fabrics, plastic enclosures for TV s, computers, 

and other electronics). Additive flame retardants can migrate out of consumer products and 

collect in dust particles in the indoor environment. 

Environmental Concerns 

• In Washington, PBDE flame retardants have been found in many environmental media and 

appear to be ubiquitous in aquatic systems, but less information is available on flame 

retardants used in place ofPBDEs. 

• When textiles with indoor dust on them are washed, traces of these flame retardants are 
delivered to wastewater treatment plants. This is one of the major pathways for the release of 

flame retardants into the environment. 

• Flame retardants have been found in air, water, soil, sediments, biota and wastewater 

treatment effluent. TDCPP, TCEP, TCPP, HBCD and TPP have all been found in 
Washington. TBB and TBPH were found in environmental studies conducted in other areas. 

Safer Alternatives 

• Ecology and the Washington Department ofHealth completed an alternatives assessment for 
upholstered furniture and found that chemical flame retardants are not necessary in these 

products. There are barrier fabrics or inherently flame-resistant materials that meet fire safety 
standards for furniture. 

• The U.S. Environmental Protection Agency's (EPA's) Design for the Environment (DfE) 
program identified safer alternatives for chemical flame retardants used in flexible 

polyurethane foam. These include ammonium polyphosphate, polyphosphate, and 

magnesium hydroxide. 

• There is evidence that other halogenated flame retardants now being used are examples of 

regrettable substitutes for PBDEs, which were banned or significantly restricted in the 2000s. 

One study found that TBB and TBPH concentrations in dust collected from California homes 

between 2006 and 2011 increased, consistent with their use as replacements for PBDEs. 
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Regulatory Programs 

• California fire safety regulations for furniture have been a strong driver in the use of flame 
retardants in children's products and furniture. These regulations were revised in 2014, and 
chemical flame retardants are no longer needed to meet this standard in children•s·products 
and furniture. 

• No flame retardants are required for children's products such as baby changing pads. 

Conclusions 

• Sufficient evidence exists to support enacting restrictions on the use often flame retardants in 
children's products and furniture that contain polyurethane foam and fabric. Each of these 
chemicals is toxic and there is potential for exposure. In many cases, exposures can already 
be documented in people and the environment. Many have been found in children' s products 
and in furniture as well as in house dust. Many are produced in high volumes. Chemical 
flame retardants are not needed at all for children's products and most furniture applications. 
Safer alternatives are available. 

• TBBPA is of most concern when used in the additive form rather than the reactive form. 
When used as an additive, TBBPA is much more likely to migrate out of the product and into 
people or the environment. Additive TBBPA is the form that could be used in textiles as part 
of children's products and furniture. Reactive TBBP A is of less concern because most of the 
TBBPA in these products is bound to the plastic and for the most part, is used in printed 
circuit boards, rather than in children's products or furniture. 

Recommendations 

1. Establish a limit of 1,000 parts per million (ppm) for each ofthe following flame retardants 
that are commonly used in children's products and furniture. This limit restricts use ofthese 
chemicals, but is sufficiently high enough to support continued recycling of products that 
contain them. 

a. TDCPP (CAS #13674-87-8) d. TCPP (CAS #13674-84-5) g. TBPH (CAS #26040-51-7) 

b. TPP (CAS #115-86-6) e. V6 (CAS #385051-10-4) h.IPTPP (CAS #68937-41-7) 

c. TCEP (CAS # 115-96-8) £ TBB (CAS #183658-27-7) 

2. Establish a limit of 1,000 ppm for each of the following flame retardants that could be used 
in textiles in children's products and furniture. While these two chemicals are not commonly 
used in children's products and furniture, they could be introduced as regrettable 
substitutions. Restrictions on the use ofTBBPA in children' s products and furniture should be 
limited to the additive form. 
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a. TBBPA (CAS# 79-94-7) 

b. HBCD (CAS# 25637-99-4 and CAS #3194-55-6) 

Tetrabromobisphenol A (TBBPA) 

Use 

• TBBPA is a high production volume chemical (i.e. more than one million pounds of the 
chemical is produced every year in the U.S.). 

• TBBPA is primarily used in plastics and is most often found in electronic products. The 
chemical is used in both reactive and additive forms. Each form presents different concerns. 

• Eighty to ninety percent of all TBBPA is used in the reactive form as a polymer, where it is 
chemically bound to the plastic in products such as epoxy resins used in printed circuit boards. 
The remainder (ten to twenty percent) is additive. 

• Under CSPA, TBBPA use as a flame retardant was reported in toy cars and in textiles in 
several baby products such as play pens and swings at levels indicating it is in the additive 
form. 

• TBBPA use was also reported under CSPA at high levels for functions other than flame 
retardant, such as coloration, pigment, dyes, or inks. 

Testing 

• Ecology testing did not find TBBP A in children's products or furniture, but did find it in 
several electronic products, such as paper shredders and battery chargers. 

• Studies in Europe and Australia identified TBBPA in electronics and a limited number of 
children's toys. 

• TBBPA has been found at high levels in products made from recycled plastic such as Mardi 
Gras beads. It has also been found in camping tents and car seats. 

• Test methods are not available for tlame retardants used in the reactive form. Therefore, 
anytime TBBPA is found in a product it is either used as an additive, is present as a 
contaminant from the manufacturing process, or is from recycled content. 

Hazards and Health Effects 

• Studies documenting human health effects for TBBPA are not consistent. Some studies show 
potential endocrine effects and moderate carcinogenicity and others indicate no human health 
concern. 

• Under certain conditions, TBBPA can break down into bisphenol A. 
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• When burned, TBBPA (both reactive and additive) can create toxic smoke containing 
chemicals such as dioxins. 

• TBBPA is included on Washington's persistent, bioaccumulative, and toxic (PBn list and on 
the list of chemicals of high concern for children under the CSP A. 

Exposure 

• In general, people are exposed to flame retardants through ingestion of contaminated food and 
dust. 

• Additive flame retardants are more easily released into house dust compared to reactive flame 
retardants. 

• TBBPA is found in people at lower levels than other halogenated flame retardants. One study 
measured TBBP A at low levels in human breast milk. 

Environmental Concerns 

• TBBPA has both acute and chronic aquatic toxicity for a variety offish species. 
• Ecology tested for TBBPA but did not find it in fish tissue in Washington. 
• TBBPA may have a lower bioaccumulation potential than some other halogenated flame 

retardants. 

Safer Alternatives 

• EPA has found safer alternatives for the use of the reactive fonn ofTBBPA in circuit boards. 
• EPA and the Department of Ecology both identified safer alternatives for the use ofthe 

additive form ofTBBPA in furniture and in plastic enclosures for TVs, computers and other 
electronics. 

Regulatory Programs 

• TBBPA appears on several states' "chemicals of concern" lists such as California's Safer 
Consumer Products list, and Oregon's Toxics Focus List. There are currently no bans or 
restrictions on the use ofTBBPA in consumer products. 

• In the European Union, there are no ongoing processes under REACH (Registration, 
Evaluation, Authorisation and Restriction of Chemicals) for TBBPA. 

• TBBPA is a chemical of high concern for children under the CSPA and manufacturers of 
children's products containing TBBPA must report their use to Ecology. 

Conclusions 
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• Sufficient evidence does not exist at this time to support enacting restrictions in Washington 
on the use of the reactive form ofTBBPA in children' s products, furniture, or electronics. 
This form ofTBBPA does not easily migrate out ofthe product and into people and the 
environment. The health impacts are less than for other halogenated flame retardants and it is 

not widespread in the environment. There are safer alternatives for some uses, but more 
information is needed to determine if restrictions would reduce exposures. 

• Additional information is needed on the use ofTBBPA used as an additive. 

Recommendations 

1. Require that manufacturers report to Ecology on their use of additive TBBPA in consumer 
products sold in Washington at levels exceeding 1,000 ppm. This requirement would not 

apply to manufacturers of children' s products who already report their use of TBBP A under 
the CSPA. 

2. Manufacturers should be encouraged to use identified safer alternatives to TBBPA. 

3. Ecology should work with stakeholders to gather more information about the use of both 
reactive and additive TBBPA in electronics as well as other products where TBBPA is used. 

Antimony as Antimony Trioxide (ATO) 

Use 

• The largest use of ATO is as a synergist with halogenated flame retardants to increase their 
overall effectiveness. A synergist is a chemical that combines with another chemical to act 
more efficiently than either chemical would individually. ATO does not have flame retardant 
properties. 

• Other minor uses are as a plastic catalyst and as a pigment. 

• A TO is mainly used in plastics, but can also be found in rubber, textiles, and adhesives. It is 

typically used in electrical equipment, wires, automotive parts, building materials and 
household products including furniture, carpets, mattress covers, and textiles. 

• Use of antimony and antimony compounds has been reported to Ecology (through CSPA) in 
a few products at levels that indicate its use as a flame retardant synergist. Examples include 
battery-powered toy cars, play structures, bath toys, and baby changing mats. 

• Most of the CSPA reports on antimony occur at low levels for functions other than as a flame 
retardant. These functions include catalyst, coloration agent, and plasticizer. 

Testing 
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• Ecology's product testing work found antimony in electronics, small appliances, and a flame­
resistant tarp. Antimony was detected in these products at sufficient concentrations to suggest 

that some products contain antimony trioxide. 

• Antimony was not found in foam or textiles, only plastic. 

• Antimony results were most commonly found in products where bromine was also present, 

consistent with its use as a synergist with halogenated flame retardants. 

Hazards and Health Effects 

• Breathing high levels of antimony trioxide irritates the eyes and lungs, and leads to heart, 
lung, and digestive system effects. 

• The International Agency for Research on Cancer has classified antimony trioxide as a 
possible human carcinogen and California has identified it as known to cause cancer. 

Exposure 

• According to the Centers for Disease Control and Prevention (CDC), people are exposed to 
antimony primarily through food and to a lesser extent from air and drinking water. 

• Ecology did not fmd studies on the presence of antimony in indoor dust. 

• High levels of antimony have also been found in dust from electronic waste recycling facilities. 

Environmental Concerns 

• EPA identifies antimony trioxide as having high acute aquatic toxicity. 

Safer Alternatives 

• Ecology did not find any alternatives assessments for A TO when used as a synergist. 

Regulatory Programs 

• Antimony trioxide is included on California's Proposition 65 list as a carcinogen. 

• The U.S. Consumer Product Safety Commission (CPSC) limits antimony in surface coatings 
for toys. 

• The Occupational Safety and Health Administration established limits for antimony for 
occupational inhalation exposure. 

• EPA has set limits for antimony in drinking water. 

• Antimony and antimony compounds are chemicals of high concern for children under the 

Children's Safe Products Act. Manufacturers of children's products containing these 

compounds must report that use to Ecology. 
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Conclusions 

• Sufficient evidence does not exist at this time to support enacting restrictions in Washington 

on using ATO in children's products or furniture. While ATO is quite toxic, there are 

significant data gaps regarding exposure and safer alternatives have not been identified. 

Additional information is needed on the use of ATO and the potential for people and the 

environment to be exposed. 

Recommendations 

1. Require manufacturers to disclose their use of ATO in products (other than children's 

products where such reporting is already required). 

Other Key Findings for Halogenated Flame Retardants 

Other major uses of halogenated flame retardants include electronic products, building 

insulation, airplanes, autos and other vehicles, and gymnastic equipment. Large amounts of 
flame retardants (i .e. more than 1% by weight) are needed in many products to be effective. 

Flame retardants present in products at less than 0.1% (or 1,000 ppm) are likely due to 

contamination and not due to intentional use. 

Ecology was able to identify some flame retardants in several small electronics such as battery 

chargers and power strips, but not all flame retardants could be identified. Bromine, an indicator 

for the presence ofbrominated flame retardants, was detected, but test results did not indicate the 

presence ofknown brominated flame retardants. 

All halogenated flame retardants evaluated to date exhibit toxicity. Types of toxicity associated 
with known halogenated flame retardants include endocrine and reproductive effects, 

carcinogenicity, and neurological and developmental disorders. Toxicity evaluations are not 

available for all of the flame retardants currently in use. Many halogenated flame retardants are 
found in human urine, blood, and breast milk. Tests in children find higher levels of flame 
retardants compared to adults. Because children are still developing, they are more sensitive to 

adverse health effects from flame retardant exposure. 

Indoor dust is a primary pathway for flame retardants to affect humans and the environment. 
Flame retardant chemicals have been found throughout the world. Some are ubiquitous in indoor 

and outdoor environments, having been found in homes, childcare centers, sediments, and 

wildlife. 

Insufficient information is available on alternative flame retardants in the environment, primarily 

because few studies include analysis of a wide range of flame retardants. Based on limited 

sampling, a variety oftoxic flame retardants including organophosphates, Dechlorane Plus, 

10 



HBCD, and chlorinated paraffins have been consistently detected in environmental samples 

collected in Washington. 

Flame retardants can be released into the environment at the end ofthe product' s life through 

chemical breakdown and/or burning of products. When incinerated, products containing 

halogenated flame retardants can release other highly toxic chemicals such as dioxins and furans . 

Flame retardants can also be passed on to new products through recycling. 

Conclusion 

Further study is needed to evaluate the potential impact ofhalogenated flame retardants on 

human health and the environment and to assess the availability of safer alternatives. 

Recommendations 

1. Ecology recommends that the Legislature direct Ecology to conduct a comprehensive chemical 

action plan on flame retardants used in electronics and other products known to contain 

halogenated flame retardants other than children's products and furniture. As a needed first 

step, the Legislature should require that manufacturers report to Ecology on their use of flame 

retardant chemicals in products sold in Washington (other than children's products and 

fuf!liture) at levels that exceed 1,000 ppm. 

2. Enact policies that provide incentives to use alternative assessments and safer alternatives in 
consumer products and manufacturing processes. 

3. Ecology should work with the Washington Department ofHealth to identify key data gaps in 

understanding human exposure to flame retardant chemicals, including how biomonitoring 

could address these gaps and what studies should be performed. 

4. Align state purchasing policies to support manufacturers that are using the safest identified 

alternatives. 
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Chapter 1: Background and Approach 

In 2014, the Washington State Legislature directed the Department ofEcology (Ecology) to 

review information on flame retardants, test products, and develop recommendations for bans or 

restrictions on the use of flame retardants in children' s products and furniture. The Legislature 

requested specific attention in the review and recommendations of tetrabromobisphenol A 

(TBBPA), antimony, and flame retardants detected in children's products and furniture. Below is 

the exact language of the budget proviso. 

(13) Within the environmental legacy stewardship account--state appropriation in this section, the 
department must use a portion of the funds to: 

(a) Review tetrabromobisphenol A, chemical abstracts service number 26 79-94-7 and antimony, 
chemical abstracts service number 7440-36-0 and their use in children's products and furniture as flame 
retardants. The department must consider available information on the hazards, uses, exposures, 
potential health and environmental concerns, safer alternatives, existing regulatory programs, and 
information from other governments or authoritative bodies. By December 31, 2014, the department must 
provide to the appropriate committees of the Legislature a summary of the data reviewed and 
recommendations on whether to ban or restrict antimony and tetrabromobisphenol A flame retardants in 
children's products and furniture; and 

(b) Test for the presence of flame retardants in children's products and furniture. By December 31, 2014, 
the department must report to the appropriate legislative committees on test results, available information 
on hazards, uses, exposures, safer alternatives, existing regulatory programs, potential health and 
environmental concerns, information from other governmental or authoritative bodies, and 
recommendations on whether to restrict or ban the flame retardants in children's products and furniture. 

This report summarizes available flame retardant information on the classes, uses, exposures, 

potential health and environmental concerns, end of life, safer alternatives, and existing 

regulatory programs. This report is comprehensive but not exhaustive as there was not sufficient 

time to identify all uses and hazards for all flame retardants. Recommendations provided in this 

report are presented only where available information was sufficient to do so. 

We used the GreenScreen® for Safer Chemicals (GreenScreen) to assess the hazard characteristics 
of various flame retardants. GreenScreen is a method for comparative chemical hazard assessment 
that can be used for identifying chemicals of high concern and safer alternatives (see Chapter 7 for 

more detail). This method provides a framework to research and gather data on eighteen human 
health and environmental hazard endpoints. The information is assessed and classified and 

chemicals are separated into four different groups or "BenchmarkS." A chemical of high concern 

that should be avoided is a Benchmark 1, while a chemical that is preferred and considered a safe 

chemical is a Benchmark 4. An example of a chemical to be avoided are those that are persistent, 

bioaccumulative, and toxic (PBT), or carcinogenic. 

12 



The purpose of this comparative assessment is to help users identify alternatives that are safer 

thereby avoiding "regrettable substitutions." A regrettable substitution occurs when a toxic 
chemical is replaced with another chemical of equal or greater toxicity concern. A description of 

the benchmarks is presented below. Additional detail on the use ofGreenScreen is provided in 

Chapter 7. 

GreenScreen® Benchmarks 

Benchmark 1: Avoid-Chemical of High Concern 

Benchmark 2: Use-but search for Safer Alternatives 

Benchmark 3: Use-but still Opportunity for Improvement 

Benchmark 4: Prefer-Safer Chemical 

We relied on biomonitoring (a method to assess a person' s exposure to chemicals), house dust 

studies, and product testing to evaluate the potential for people to be exposed to toxic flame 

retardants. We know that ifbiomonitoring studies find toxic flame retardants in people they are 

already exposed, though these types of studies are rarely conducted. Measuring toxic chemicals in 

house dust is a less expensive way to demonstrate the potential for exposure, especially for 

children. Finding a toxic chemical in a household product indicates that exposure is possible. 

We used available information from the scientific literature as well as data specific to 
Washington to assess environmental concerns. 

Chapter 2: Flame Retardants - Overview and Classes 

Flame retardants are added to products to slow the spread of a fire and provide additional escape 

time. Flame retardants typically function by separating into free radicals that absorb energy, 
thereby slowing combustion and propagation of fire. They are primarily used in percent levels 

(greater than ten grams per kilogram) in products. 

Concerns about the potential negative effects of flame retardants on human health and the 
environment increased after the polybrominated biphenyl (PBB) accident in Michigan in 1973 

(Fries 1985). In the late seventies, hazards oftwo flame retardants in children's pajamas, tris­
(1,3-dichloro-2-propyl)phosphate (TDCPP, also known as Fyrol FR2) and tris-(2,3-

dibromopropyl)phosphate (Tris-BP) were characterized (Blum 1977, Gold 1978). 
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Research conducted in Sweden analyzed the increase of flame retardants in breast milk over time 
and led to increased concerns ofthe potential negative effects of flame retardants on human 
health and the environment (Meironyte 1999). Subsequent studies raised questions about both 
the safety ofthese flame retardants and their effectiveness in certain applications (Shaw 2010). 

Regulatory Drivers for the Use of Flame Retardants 
Performance-based standards for flame resistance or flame retardancy exist for a wide variety of 
products in multiple jurisdictions. These regulatory drivers provided the impetus for the 
development and use of chemical flame retardants. Federal, state, and industry standards for 
products like furniture, electronics, car and airplane interiors, insulation, and carpet cushions all 
drove flame retardant usage. 1 

Flame retardants are often an important component in product design and their use is sometimes 

driven by performance-based regulations. One important regulatory requirement that has greatly 
influenced the use of flame retardants in furniture and children's products sold in the United 
States is the California Technical Bulletin 117 (TB-117) introduced in 1975.2 This standard and 
additional regulatory flame resistance or retardancy standards are discussed below. 

Furniture 

California's TB-117 for upholstered furniture has been widely regarded as a strong driver for 
flame retardant use. The standard was unusually rigorous due to its open flame test for 

polyurethane foam materials, which made chemical flame retardants the only practical 
alternative to meet the standard. Because of the large market share represented by California's 
economy, furniture products that were sold nationally often met this standard to ensure they 
could be sold in California.3 

More recently, concern about the unintended health consequences of flame retardants drove 
California to update its standard. Effective January 2014, the open flame test for filling materials 
was eliminated from the standard; therefore, chemical flame retardants are no longer needed in 
foam to meet the updated TB-1 17-2013 standard.4 Tn addition, the standard (which previously 

1 Cordner A, Mulcahy M, Brown P. (2013) Chemical Regulation on Fire: Rapid Policy Advances on Flame 

Retardants. Environ. Sci. Technol. 2013, 47, 7067-7076. Available at: dx.doi.org/10.1021/es3036237 
2 TB-117 was created by the California Department of Consumer Affairs, Bureau of Home furnishings and Thermal 
Insulation 
3 National Fire Protection Association. (2013) Hot Seat: A New Look at the Problem ofFurniture Flammability and 

Home Fire Losses. NFPA Journal. Available at: www.nfua.org/newsandpublications/nfua-journall2013/september­
october-20 13/features/old-problem-fresh-look 
4 Chemical Watch (Subscription Required). (2013), California Approves New Upholstered Furniture Flammability 

Standards. A vail able at: http://chemicalwatch.com/17361 /california-approves-new-upholstered-furniture­
flammability-standards 
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was presumed to apply to furniture products intended for infants and very young children such as 

mats and pillows), was clarified to specifically exempt these items from future regulation.5 

Electronics 

Plastics used in electronic products are rated for their flame retardation capability using a 

voluntary standard identified by the National Fire Protection Association (NFPA) in conjunction 
with the Underwriters Laboratory Inc. that defines the specific method. Although the NFPA 

standards are voluntary, they are often cited by federal and state regulations as a definitive source 
for fire and combustion related technical information. In addition, products are typically 

manufactured to meet NFPA standards to minimize product liability concems.6 

Tents and Sleeping Bags 

Outdoor items, such as camping tents and sleeping bags are often certified to flammability 

standards developed by the Industrial Fabrics Association International (IF AI), formerly the 
Canvas Products Association International (CPAI). CPAI-84 is the standard that applies to tents 
(also applies to play tents), and CPAl-75 applies to sleeping bags. The standards do not require 

the addition of flame retardants. Tents sold in California, Louisiana, Massachusetts, Michigan, 

Minnesota, New York, and New Jersey are required to meet CPAl-84. New Jersey also requires 
adherence to CPAI-75. There is no federal flammability standard for tents or sleeping bags.7 

Regulations Driving the Use of Flame Retardants 
Regulation 

California Technical Bulletin 117 

National Fire Protection 
Association 

Industrial Fabrics Association 

International 

Industrial Fabrics Association 

International 

Criteria 

Open flame test for polyurethane 

materials 

Electronic product plastics flame 

retardant standard 

CPAI-84 flammability standard 

for tents 

CPAI-75 flammability standard 

for sleeping bags 

Notes 

Updated standard removed 

the flame test 

Voluntary standard 

Required by some states 

Required by some states 

5 "5.Proposed to amend and clarifY that the following products shall be exempt from the Bureau flammability 
requirements: Bassinets, booster seats, car seats, changing pads, floor play mats, highchairs, highchair pads, infant 
bouncers, infant carriers, infant mattresses, infant mattress pads, infant seats, infant swings, infant walkers, nursing 

pads, nursing pillows, playpen side pads, play yards, portable hook-on chairs, and strollers." Intertek (2013). U.S.­

California Proposes to Amend Upholstered Furniture Flammability Regulation. 

www .intertek.com/sparkles/20 13/us-california-amend-furniture-flammability-regulation/ 
6 Washington Department of Ecology. (2009) Alternatives to Deca-BDE in Televisions and Computers and 

Residential Upholstered Furniture. https:/ /fortress. wa.gov/ecy/publications/summarypages/090704l.html 
7 Bureau Veritas. (2008) New Jersey Passes Law Requiring Tents and Sleeping Bags to Meet Flame Resistance 

Standards. https:/ /outdoorindustry.org/pdfl ASTMBureau VeritasBulletin OSB-165 .pdf 
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Additive and Reactive Flame Retardants 
Flame retardants can be broadly classified into two types based on how they are incorporated 

into the material: additive and reactive. 

Additive flame retardants are not chemically bonded to the polymers or chemical materials used 

in the product but are mixed in the product materials. These flame retardants maintain their 

chemical structure and are evenly dispersed throughout the product. They can also escape from 

their matrix through release to the air and accumulate in dust (Stapleton, 2008). 

Reactive flame retardants chemically bond to the polymers or chemical materials used in the 

product and become an integral part of the product structure. Because these flame retardants are 
chemically bonded, they are much less likely to be released and potentially pose less of a threat 
to human health and the environment during consumer use. However, reactive flame retardants 
may still be released from products, either because they are liberated from the polymer (e.g., 

during a fire), or ifthe original polymerization was incomplete (U.S. EPA 2014e). Exposure over 

the life cycle of the product needs to be considered-from manufacturing, during use and 

recycling, and on to disposal. 

Most flame retardants are only used in either the additive or reactive form. An exception is 
tetrabromobisphenol-A (TBBPA), which can be used in either form in specific applications. 

Reactive and additive forms of the same chemical have different physical and chemical 
properties so are not interchangeable. 

Flame Retardant Classes 

Currently, there is a wide variety of flame retardant chemicals used throughout the world in various 

types of materials. Many flame retardants are high production volume chemicals (HPV), which are 

classified as those produced or imported in the United States in quantities of one million pounds or 

more per year. Materials that commonly contain flame retardants include resins and polymers 
found in commercial products, such as furniture and electronics. Flame retardant chemicals are 
classified by their chemical makeup and most can be grouped into three common classes: 

halogenated, non-halogenated, and inorganic based. The makeup of the flame retardant affects its 
physical and chemical properties, which in turn affects its ability to be effective for a specific 
application. The classes of all of the flame retardants mentioned in this report are listed in 

Appendix 2. It is important to note that there are many other flame retardants being used but little 

information is available about them. As a result, they are not included in this report. 
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1. Halogenated Flame Retardants 

Halogenated flame retardants are the largest class currently in use. The term 'halogenated' refers 

to one of the Group VITA of related elements found in the periodic table (i.e., fluorine, chlorine, 

bromine, iodine, and astatine). Halogens are particularly effective at absorbing energy thereby 

slowing fire development and dispersal. Halogens also resist hydrolysis and biological and 

photolytic degradation resulting in a chemical that is persistent. Although any halogen can 
function as a flame retardant, the chemical characteristics of chlorine and bromine make them 

more effective as flame retardants. 

Brominated and chlorinated flame retardants are the two most common classes of halogenated 
flame retardants used today and they can be used in either the additive and reactive forms. As 

their name indicates, chlorinated and brominated flame retardants use chlorine and bromine, 

respectively, as part of their chemical structure. These flame retardants all have a carbon-based 
backbone with attached halogens. Potential hazards for these two classes are discussed in detail 

in Chapter 4. Many halogenated flame retardants also include phosphorous in their structure as a 

secondary energy absorber. 

Brominated Flame Retardants 
Brominated flame retardants use the element bromine to absorb energy and slow fire propagation. 

There are many bromine-based flame retardants. The exact number of bromine-based flame 

retardants is unknown although the number is estimated to be over a hundred. Figure 1 shows the 

basic structure ofpolybrominated diphenyl ethers (PBDEs), which, prior to 2004, were one of the 
most commonly used flame retardant mixtures found in furniture and electronic products. 
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PBDE general structure 
(m & n = 0 - 5 Br atoms on each benzene ring, total 

of 1 - 10 Br atoms in each PBDE congener) 

Br 

Br 

Br Br 
Br 

HBCD 
(hexabromocyclododecane) 

Br 

Br Br 

OH 

Br Br 
TBBPA 

(Tetrabromobisphenol A) 

CH3 

Br 0 CH3 

Br 
TBB 

(2-ethylhexyl-2,3,4,5-tetrabromobenzoate) 
Component of the mixture Firemaster® 550 

Figure 1: Structure of several bromlnated flame retardants 

Polybrominated diphenyl ethers (PBDEs) are persi stent, bioaccumulative, and toxic (PBT). In 

2001 , the total PBDE volume produced worldwide was estimated at over 67,000 metric tons. 

PBDEs are only used as additive flame retardants, (not chemically bonded to the matrices of the 
products in which they are used). 

Three PBDE mixtures, referred to as penta-, octa-, and deca-BDE, were used commercially in 

products. Each was used primarily in different applications. Penta-BDE was used in low-density 
polyurethane foam in products such as furni ture. Octa-BDE was used in certain electronic 

applications such as housings for fax and answering machines, automobile trim, telephone 
handsets, and kitchen appliance casings. Deca-BDE's largest use was in electronic enclosures, 
particularly in computers and televisions (Ecology, 2006). Concerns about the effects ofPBDEs 
on human health and the environment led many states, including Washington, to ban or restrict 
their use. These regulations are discussed further in Chapter 8. Manufacturers ofpenta-BDE and 

octa-BDE agreed to voluntarily stop producing these by the end of2004 and in 2009, EPA 

announced a voluntary agreement with the three largest PBDE manufacturers to discontinue the 

manufacture of decaBDE (EPA, 2009). 
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Numerous other brominated flame retardants are still commonly used. Two brominated flame 
retardants that have garnered extensive scrutiny and concern are hexabromocyclododecane 
(HBCD) and tetrabromobisphenol A (TBBPA), Figure 1. Both HBCD and TBBPA are identified 
as PBTs by Washington State (Chapter 173-333 WAC) and chemicals of high concern to 

children (CHCC) (Chapter 173-334 WAC). Manufacturers selling products containing CHCCs 

must report their use to Ecology. 

In addition to deca-BDE, HBCD, and TBBPA, another common brominated flame retardant 
mixture is Firemaster® 550, which is frequently used as an alternative to penta-BDEs in flexible 
polyurethane foam (Stapleton 2008). Firemaster® 550 contains two brominated compounds, 2-
ethylhexyl-2,3,4,5-tetrabromobenzoate (TBB) and bis(2-ethylhexyl)-2,3,4,5-tetrabromophthalate 
(TBPH), and triphenyl phosphate (TPP) in addition to several isopropylated triaryl phosphate 
isomers (IPTPPs). 

Chlorinated Flame Retardants 
Chlorinated flame retardants use the element chlorine to absorb energy and slow fire 

propagation. There are many chlorine-based flame retardants; the exact number is unknown. 

Tris(l,3-dichloro-2-propyl) phosphate (TDCPP) is a chlorinated organophosphate commonly 
used as a flame retardant in polyurethane foam, both in children' s products and upholstered 
furniture in the United States (Stapleton 2011, 2012a). Another commonly used chlorinated 
flame retardant is tris(2-chloroethyl) phosphate (TCEP). 
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Figure 2 shows the structure of a few chlorinated flame retardants. TCEP is also associated with 
a newer flame retardant mixture called Antiblaze® V6 (V6), which contains TCEP as a 

byproduct in the range from 4.5 to 7.5% (EU, 2007). 

TCEP 
(tris(2-chloroethyl) phosphate) 

TCPP 
(tris( l-chloro-2-propyl) phosphate) 

V6 
AntibJaze® V6 

Cl Cl 

CI~/~,£CI 
c1~

0 

Cl 
TDCPP 

(tris(l ,3-dichloro-2-propy I) phosphate) 

Figure 2: Structure of the chlorinated flame retardants TCEP, TDCPP, V6, and TCPP 

A fourth chlorinated flame retardant compound, tris(l-chloro-2-propyl) phosphate (TCPP) has 
also generated concern. The Organization of Economic and Cooperative Development (OECD) 

indicates that TCPP is harmful to aquatic organisms (OECD, 2012). The similarity ofthis 
compound to TCEP and TDCPP, as seen in Figure 2, raises concerns about its widespread use. 
TCPP is also associated with a recently characterized flame retardant "U-OPFR" (unidentified 

chlorinated organophosphate flame retardant) that had not been identified in previous sampling 
efforts (Stapleton, 2011 ). 

Another example of a group of chlorinated flame retardants are chlorinated paraffins. These 

chemicals are used as plasticizers and flame retardants in plastics, primarily polyvinyl chloride 

(EPA, 2009c). Chlorinated paraffins are complex mixtures of polychlorinated alkanes with 

varying carbon chain lengths and chlorine contents. The short-chain chlorinated paraffms (with a 

carbon chain length ranging from 10 to 13) are classified as PBT chemicals by Washington State 

(Chapter 173-333 WAC). 
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2. Non-halogenated Flame Retardants 

A second major class of flame retardants is the non-halogenated. As the name implies, these 

flame retardants do not use any halogens in their structure but depend on other elements to 

absorb energy and slow fire propagation. Non-halogenated flame retardants can also function in 

either the additive or the reactive forms. Phosphorous and nitrogen are used as energy absorbers 

in the most common non-halogenated flame retardants. Figure 3 shows the stmcture of several 

non-halogenated flame retardants. 

TPP 
(Triphenyl phosphate) 

TCP 
(Tri-para-cresyl phosphate) 

BDP (Bisphenol A bis(diphenyl phosphate)) 

EHDPP 
(2-Ethylhexyl diphenyl phosphate) 

Figure 3: Several phosphate based non-halogenated flame retardant 

With increased health concerns about halogenated flame retardants, discussed in Chapter 4, non­
halogenated compounds are the fastest growing class as many manufacturers move away from 

halogenated flame retardants. While these chemicals are usually less persistent than the 
halogenated flame retardants, other factors such as toxicity to people and wildlife and whether 

they bioaccumulate need to be considered before they are identified as safer alternatives. 

Like the halogenated flame retardants, these non-halogenated flame retardants can also be used 

in various mixtures. For example, triphenyl phosphate (TPP) is used as a flame retardant in 

halogenated and non-halogenated flame retardant mixtures (Stapleton 2009, 20l2a). The two 

non-halogenated mixtures found by Stapleton contained TPP with either tris( 4-(tert­

butyl)phenyl) phosphate and several butylphenyl isomers, or with several methyl- or dimethyl­

phenyl phosphate isomers. A halogenated mixture containing both TPP, a number of 
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isopropylphenyl phosphates (TPTPPs) and the halogenated compounds 2-ethylhexyl 2,3,4,5-

tetrabromobenzoate (TBB) and bis-(2-ethylhexyl) 2,3,4,5-tetrabromophthalate (TBPH), 
mentioned earlier is Firemaster® 550. 

3. Inorganic Flame Retardants and Synergistic Additives 

The final class of flame retardants is inorganic chemicals that can either be used as a flame 
retardant in their own right or appear as a "synergist" with other flame retardants. A synergist is 

a chemical that combines with another chemical to act more efficiently than either chemical 

would individually. Aluminum and magnesium hydroxides are the most common inorganic 

flame retardants. They release water, which absorbs energy, and cools and dilutes the flame 

zone. Aluminum trihydroxide is one ofthe most commonly used inorganic flame retardants. 8 It is 

frequently used in a number of plastic applications. 

Many flame retardant synergists do not have significant flame retardant properties by themselves but 

their addition increases the overall effectiveness of the flame retardant effect. Antimony trioxide 
(ATO) is one ofthe most commonly used synergists. It is primarily used as a synergist with 

halogenated flame retardants. Approximately 25 million pounds of A TO were used as a synergist 
for flame retardants in 2011 (EPA 20 14g). As a synergist, A TO reacts with chlorine or bromine 

radicals formed during combustion to create antimony halides that scavenge free radicals. The 

exact mechanism of this synergistic action is not known (EU, 2008). 

Chapter 3: General Uses and Product Testing Results 

Flame retardant chemicals have been used for decades in various types of materials including resins 

and polymers found in commercial products ranging from construction materials, such as blown home 
insulation to consumer products including children's pajamas, computers, and televisions. Flame 

retardants can be identified in specific applications through manufacturing or producer reporting, 

product sampling, and testing. Use of flame retardants can also be identified through testing of 
specific media, such as indoor dust, though the specific application would not be identified. This 

chapter covers some common uses ofTBBPA and ATO. It also reviews a number of product and 
house dust testing studies and results reported under the Children' s Safe Products Act (CSPA). 

Manufacturers or producers are not generally required to report the types and concentrations of 
flame retardants used in their products. Data from sampling and testing of products provide some 
ofthis information. Product testing not only provides information on specific chemical uses but 

can also be used to monitor compliance with regulatory reporting requirements and bans. Product 

testing results are limited as they do not account for all flame retardants used. Some of the 

reasons for these limitations include: 

8 www.pinfa.org/non-halogenated-pin-frs/inorganic-flame-retardants.html, accessed October 2014 
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• Only additive flame retardants can be identified. Reactive flame retardants cannot be 
extracted and analyzed since they are chemically bound to the insoluble base material. 

• Almost all testing methods are targeted. While samples might contain multiple flame 
retardants, the sampling protocol defines a specific list of flame retardants to be identified. If 
products contain flame retardants not on this target list, they will not be reported. 

• The structures of many flame retardants are not known except to the manufacturer and 
possibly the user. While laboratories can identify flame retardants that have not previously 
been reported (Stapleton 2011, Ballesteros-Gomez 20 14), this is an arduous process and not 
routinely done. 

• Analytical standards are not available. In order for a flame retardant to be identified and 
quantified, the laboratory must compare the sam piing results with the analysis of a known 
standard. If the standard isn' t available, the laboratory will be unable to confirm the presence 
of the flame retardant of interest. 

An instrument that has been helpful for screening for bromine.is the portable X-ray fluorescence 

(XRF) analyzer (Allen 2008, Stapleton 2011 ). This tool provides an estimate of the bromine 

content without destroying the product. If the XRF screens positive for bromine in the percent 

levels, it is likely that a brominated flame retardant is in the material. To date, XRF technology 
has not been found to be as effective for detecting chlorinated flame retardants (Stapleton 2011 ). 

TBBPA and Antimony - General Uses 

TBBPA is used primarily in the reactive form in the manufacture of flame-retarded epoxy and 
polycarbonate resins, for example, in printed circuit boards. TBBPA can also be used as an 

additive flame retardant in resins, (acrylonitrile-butadienestyrene [ABS] and high-impact 
polystyrene [HIPS] resins, for example), found in electronic enclosures of televisions and other 

products (Morose 2006). Additive usage accounts for approximately 10% to 18% of the total 
applications (ECHA 2006, Covaci 2009). 

The largest use for antimony is as antimony trioxide (A TO) in flame-retarded products as a 
synergist with halogenated compounds. It is mainly used in plastics but can also be found in 
rubber, textiles, and adhesives. Typically, these products are used in electrical equipment, wires, 
automotive parts, building materials, and packaging and are used in both commercial and 
household products including furniture, carpets, mattress covers, textiles, and plastics (EC/HC, 

2012). The relative abundance of ATO in the final (flame-retarded) product can range from 1.5 

to 12%. It is also used as a plastic catalyst in manufacturing polyethylene terephthalate (PET) 

plastic in stabilizers and as a pigment (USGS, 2004). 
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Product Testing Results - Globally and Nationally 

The study results below highlight some of the known and tested flame retardants used in 
products (these flame retardants are all alternatives to PBDEs). Table 1 below, summarizes the 

alternatives that have been measured in products purchased in Washington State, if they have 
been identified elsewhere, and the types of product classes where they have been identified. 
More details are discussed in this section. 

Table 1: Commonly used flame retardants and where they have been detected in products 

Chemical 

TBBPA 

TPP 

TCEP 

Antimony trioxide 
(measured as Antimony) 

TCPP 

TDCPP 

HBCD 

V6 

TBB 

TBPH 

Children's 

Products 

• e d,e 

. f •a 
rt ~ 

.f •a ., •a 
rt ., •a 
• •a 
• . •a 

Furniture Other Products 
I 

• ., e b,d,e x1 

r* . g . f e b,o 

rs rt xi 

•• 
rt . c • x1 ., e c,g ., e b,o xl 

. f • xl 

. g . , • 
• c,g .0 XI 

e c,g .0 xl 

Note: Children's products include children's furniture, toys, and infant products. 
• - Detected as an additive above the percent level by weight 
r- Detected as an additive but less than 1% by weight 
x-Detected in dust 

Dust 

• xl,q,r 

Xc, i,o,p 

xl,k,n,p,q 

xc,l,o,p,q 

xc,i,k,o,p,q 

xc,l,q,r,s 

x" 

xc,l,k,o,q,s 

xc,i,k,o,q,s 

Stapleton 201/a, Kelter 20J4h, Stapleton 200CJC, Gallen2014d, Ballesteros-Gomez 2014•, Ecology 2014a, Stapleton 
20 J2K, Dodson 20 J2h, Fromme 20 14;, Bradman 20 J4k, Schreder 20141, Fang 20 13n, Caringan 20/3°, Brandsma 
20141', Stapleton 2014q, Abdallah 2008',. Stapleton 2008s 
*Washington sample in Stapleton 2012 study 
1\ data .from this report 

Flame Retardants in Foam 

Recent studies have shown that with the phase-out ofPBDEs, a more varied group of new and 

existing flame retardants are being used in consumer products. Stapleton et al. studied 
polyurethane foam in baby products purchased in the United States. 
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Flame retardants were identified (Stapleton, 2011) in a wide range of products including: 

• Car seats • Nursing pillows 

• Changing table pads • Baby carriers 

• Sleep positioners • High chairs 

• Portable mattresses • Infant bath mats/slings 

The most common flame retardant identified was TDCPP, followed by the mixture Firemaster® 

550, which contains multiple chemicals including TBB, TBPH, TPTPP, and TPP. Two 

chlorinated organophosphate flame retardants were also found that had not previously been 
identified in the environment, V6 and "U-OPFR." 

The most common class of flame retardant found in this study was chlorinated organophosphate 

flame retardants, which in addition to TDCPP, included TCEP, TCPP, V6, and "U-OPFR." 

Penta-BDE was found in a few ofthe products with TPP but the authors cautioned these were 
likely older products manufactured before specific bans were implemented (Stapleton, 2011). 

TPP was also found in one non-halogenated mixture sold commercially as AC073. 

Stapleton's group did another study to address the question of the identity and frequency of 

chemical flame retardants being used in furniture since the phase-out of the penta-BDE mixture in 

2005 (Stapleton, 2012a).ln this study, Stapleton et al. collected and analyzed foam from couches 

purchased in the United States from 1985 to 2010. Prior to 2005, they found that PBDEs associated 
with the penta-BDE mixture were the most common flame retardants detected followed by 

TDCPP. In samples purchased during or after 2005, penta-BDE was successfully phased-out and 

the most common flame retardants identified were the same as the baby product study mentioned 
above. TDCPP was the most common followed by the mixture Firemaster® 550. 

Some of the samples from 2005 or later contained one of two non-halogenated mixtures 

indicating that the use of non-halogenated flame retardants is increasing. The first mixture 
contained TPP, tris(4-(tert-buty1)phenyl phosphate (TBPP) and several butylphenyl phosphate 
isomers while the second contained TPP and several methyl- or dimethyl-phenyl phosphate 

isomers. While the products from these two Stapleton studies were sampled from various states, 
at least half of the products tested were from major brands that could also be found in the state of 
Washington (Heather Stapleton, email, 5/21120 14). 

In addition to children's products and furniture, another study screened and tested foam used in 

gymnastic equipment (Carignan 2013b). Equipment was screened with XRF. Products where 

percent levels of bromine were found included pit cubes (3% to 6%), landing mats (0.005% to 

3.6%), sting mats (0.8% to 2%) and the vault runway (0.5% to 0.9%). The pit cube samples were 

then analyzed in the laboratory and the presence of flame retardants in the foam was confirmed 

for all of the samples. PentaBDE was found in the majority of the samples and mixtures ofTBB, 
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TBPH and TPP or TDCPP were fou·nd in the remainder. With the phase-out of pentaBDE, use of 

these alternative flame retardants may have become more common. 

Flame Retardants in Plastics 

In a 2013 report from New Zealand (Latimer 2013), electronic waste ore-waste samples were 

screened for bromine using XRF and a subset of samples were sent for laboratory analysis for 

TBBPA, select PBDEs, and screened for 1 ,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) and 

decabromodiphenylethane (DBDPE). The e-waste samples were manufactured in the late 1980s 

unti12012 and included products such as TVs, computers and peripherals, printers, photocopiers, 

refrigerators and toner cartridges. Of the 125 components from 63 products, 43 components 

contained greater than 10% bromine. 

Many of the post-2005 samples (12 of 18) were much greater than 0.1% bromine suggesting that 

some type of brominated flame retardants are still b~ing used in relatively new products for 

flame retardant purposes. Of the 15 samples that were sent to the lab: 

• DecaBDE was detected in two cathode ray tube (CRT) computers (2.05%, 6.02%) 

respectively. 

• TBBPA was detected in two TVs (one CRT at 8.3% and one LCD at 15.9%). 

• BTBPE was found in a home office photocopier. 

• DPDPE was found in a fridge, three TVs, (two LCD, one CRT), and a toner cartridge. 

• Five samples, (three printer/copiers and two CRT TVs), which had high XRF-measured 

bromine levels but no positive laboratory results suggested alternative brominated flame 

retardants were likely used in the products. 

In the Netherlands, a number of electronic products made from plastic were tested in 2012 and a 

novel flame retardant chemical2,4,6-tris(2,4,6-tribromophenoxy)-1 ,3,5-triazine (TTBP-T AZ) was 

identified for the first time (Ballesteros-G6mez 2014). None of the samples manufactured before 

2006 contained TTBP-TAZ suggesting that it is one of the alternatives being used to replace 
banned octa- and deca-PBDE in certain plastics, such as ABS and high impact polystyrene (HIPS). 

Tn addition to testing for TTBP-TAZ, a subset of the samples (those purchased in 2012 and 

manufactured after 2006) was screened for a number of additional halogenated and phosphorous­

based flame retardants.9 Analytes identified in the percent levels in one or more of the products 

were DBDPE, deca-BDE, TBBPA, and BTBPE. Of the thirteen electronics tested, TBBPA was 

found in the percent levels in six of the samples, an electrical power board, adaptors, heat sealer 

and two children' s toys, indicating that it was being used in those samples as a flame retardant in 

additive form. 

9 TBBPA, DBDPE, BTBPE, (1,2-bis(2,4,6-tribromophenoxy)ethane), decaBDE, TPP, RDP, BOP, TBOEP, and 

TMPP 
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Consumer products containing plastic that were available for sale in 2012 were screened and tested 
for bromine, PBDEs, TBBPA, and HBCD in Australia (Gallen 2014). These products represented 
a broad range of product types including baby accessories, computers, televisions, small and large 
electronic appliances, furniture, and children' s toys. Bromine was detected using XRF in the 
percent level in 10% ofthe products tested. These products were mainly small household 
appliances and electronics but included a few samples from computers, large household 
appliances, furniture, and toy plastic. 

While bromine was detected in about half of the samples using XRF, most were at concentrations 
lower than what is required for use as a flame retardant. These findings suggest the use of recycled 
brominated flame retardant-containing plastic. Of these screened products, a subset was sent to a 
laboratory to be tested for selected PBDE congeners, TBBPA, and HBCD. The additive form of 
TBBPA was found in percent levels in power adaptors, small electronics, a plastic toy, and a 
television. HBCD was not detected. Deca-BDE was found in percent levels in televisions and 
power adaptors. 

In a study from 2013, plastic Mardi Gras beads and Holiday Garlands purchased and collected 
after parades were screened using XRF (Gearhart 2013). The overall elemental composition of 
bead plastic was similar to the elemental composition of electronic waste and other plastic waste 
streams suggesting that recycled plastics including some with flame retarded plastics are likely 
being used in bead production. In this study, 51 of 87 samples had bromine XRF results above 400 
ppm and the majority of those had levels between I% and 2%. Chlorine was also found in many 
products, which is probably a combination ofthe use of polyvinyl chloride and chlorinated flame 
retardants. 

A subset of samples (53) were further tested for TBBPA, BTBPE, DBDPE, decaBDE, TPP and 
2,4,6- tributyl phosphate. Over 90% ofthe beads tested had greater than 1 00 ppm total flame 
retardants (one or more detected). The detected total analyte concentrations in the beads ranged 
from 100 ppm to 1% of the total bead by weight. The analytes found at the highest levels were 
TBBPA and deca-BDE (up to 0.6% ofthe total bead by weight). All ofthe flame retardants 

detected in this study were believed to be from recycled content (personal communication, Jeff 
Gearhart 12/16/14). 

Flame Retardants in Textiles 

Textiles, is another class of materials that has been tested for the presence of flame retardants in the 
United States. A study published earlier this year evaluated additive flame retardants being applied 
to camping tents (Keller 20 14). Ten of eleven tents tested detected flame retardants in the percent 
level (0.9% to 3.9%). The flame retardants detected were deca-BDE, TDCPP, TBBPA, and TPP. 
While these products are not considered household furniture, many toy tents and tunnels designed 
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for children to use indoors meet the same flammability requirement (CPAT-84), which will be 
further discussed in Chapter 8. 

It is unclear if the products would be treated with the same flame retardants but Stapleton's group 
tested ten children's play tents and tunnels purchased in 2011-2012 and found TDCPP and TCPP 
(0.1% to 1% by weight) in four of the products (Heather Stapleton, email, 8/2112014). Their group 
also detected TBBPA in car seat fabrics (Heather Stapleton, email, 5/23/2014). Another study 
tested 11 upholstery textiles commercially available in Japan for HBCD, PBDEs, and DBDPE. 
With the exception of one sample, HBCD was found in all of the samples in percent levels (2.2% 
to 4.3%). These textiles were used mainly for manufacturing curtains in Japan (Kajiwara, 2009). 

Specific Product Testing - Washington State 

Ecology conducted several studies in Washington on flame retardants in consumer products, which 
are summarized below. 

2011 Study 

In 2011, Ecology tested 68 consumer product samples for PBDEs (Ecology 2012a). Samples were 
chosen for laboratory analysis based on XRF-measured bromine concentrations. Fourteen of the 
samples consisted of older electronics obtained from an e-waste recycling facility and one foam 
sample from a couch manufactured in the early 1990s. The remaining 54 samples were collected 
from new children's products purchased in 2011. The majority of samples containing XRF­
measured bromine did not contain PBDEs above detection limits. 

Results ofXRF measurements showed high concentrations of bromine in all ofthe e-waste 
electronics and several pieces of children's furniture foam (about 2%), but none ofthese products 
contained lab-measured PBDEs at levels consistent with flame retardant application. The presence 
ofhigh XRF-measured bromine levels and low PBDE concentrations suggested alternative 
brominated flame retardants were likely used in the products. Only the couch foam manufactured 
in the early 1990s contained PBDEs in levels. 

2012/2013 Study 

In 2012 and 2013, Ecology collected general consumer and children's products including seat 
cushions, mattresses, upholstered furniture for children, electronics, clothing, and baby carriers 
from local stores in the south Puget Sound area and online retailers (Ecology 2014a). These 
products were screened for bromine using XRF and components from 125 products were sent for 
laboratory analysis to evaluate the presence ofPBDEs and selected alternative flame retardant 
chemicals. 10 The majority of these components were plastic, foam, or fabric. 

10 DBDPE, TDCPP, tris(2-chloroethyl) phosphate (TCEP), tris( l -chloro-2-propyl) phosphate (TCPP) and the non­
halogenated phosphate triphenyl phosphate (TPP). 
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Results indicate that manufacturers have 
moved away from using PBDEs in 
products available to Washington State 
consumers but are using alternative 
flame retardants including some of the 
chemicals identified in Stapleton's 
studies (2011, 2012a). Some ofthese 
alternative chemicals are identified as 
chemicals ofhigh concern to children 
(CHCC) and found at levels above the 
reporting limit established in the 

Children's Safe Product Act (CSPA). In 
Sample of a children 's product. 

agreement with previous studies (Stapleton 2011, 2012a), TDCPP was the most common 

chlorinated phosphate detected in foam, indicating that alternative flame retardants are being 
used. TCEP, TCPP, and TPP were also detected. The majority of these samples were foam and 

many were children's products. A few of the components were plastic or fabric. Analyte results 
that were above 0.2% are listed in Table 9. 

A subset of samples was tested for TBBPA, HBCD, and V6. All three flame retardants were 

found in a few of the samples analyzed. TBBPA was detected in four plastic electrical enclosure 

components in the percent levels indicating that it was used as an additive flame retardant. 
TBBPA was also found at low levels in two additional plastic samples, which would most likely 
be due to contamination from recycling plastics that contained TBBPA or residual of an un­
reacted monomer in a product containing reactive flame retardant. HBCD was detected in a 

plastic and a Styrofoam component. One sample, a safety glove, contained HBCD at percent 
levels and the other, a child' s bean bag chair, was above the CSPA criteria for reporting HBCD 
in children's products but not found in percent levels. V6 was detected in a few children's 
products in percent levels. These products were also above the CSPA criteria for TCEP in 

children's products, which suggest that V6 was the source ofTCEP. V6 was found in a tent 
sample at 0.2%. It was also found in trace levels in two bonded foam carpeting padding samples. 
This is most likely from recycled content as the products were made from pieces of shredded 
flexible polyurethane foam held together with a binder. All five carpet padding samples tested 
had trace amounts of multiple flame retardants. 

Of seven samples with TPP above 0.2% (2,000 ppm), four had bromine levels above 1% by weight 

suggesting these products used halogenated mixtures. Three were children's furniture containing 

foam. The fourth was a plastic liquid crystal display (LCD) monitor. It was suspected that the three 

children's furniture samples contained a flame retardant mixture, likely Firemaster® 550 but this 

was not confirmed at the time due to the scope of the study (Ecology 20 12b, Ecology 20 14b ). 

These three foam samples were added to the supplementa12014 study discussed below. 
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Similar to the 2011 results, most samples (23 samples from 22 products) that screened positive 
for bromine in percent levels using XRF did not contain any of the brominated flame retardants 
tested for in the 2012-13 study. This result suggests that the bromine sources are likely either 
additive flame retardants that were not assessed in this study or reactive brominated flame 
retardants, which formed polymers and cannot be readily analyzed. 

Supplemental 2014 Testing 

ln June 2014, Ecology initiated additional testing in support ofthe legislative proviso (Ecology 
2014c). Due to time restrictions, only limited analytical methodologies could be performed. The 

additional testing included: 

• Analyzing the three children's product samples from the 2012/2013 study suspected to 
contain Firemaster® 550 for TBB and TBPH. 

• Reviewing the XRF results from the 2012/2013 samples for antimony and sending samples 
to the lab to be tested for antimony. 

• Purchasing and testing ten new infant products to supplement the 2012/2013 study. 

The three foam samples that were suspected to contain Firemaster® 550 were sent to a separate 
laboratory for analysis of flame retardants that contain TBB and TBPH. Two of the foam 
samples contained Firemaster® 550 and one sample contained Firemaster® 600, above 1% of the 
weight of the foam. Both of these commercial mixtures contain TBB, TBPH, TPP, and a number 
ofisopropylphenyl phosphates (TPTPPs) but the ratios are different. The three samples consisted 
of inner polyurethane foam from children's upholstered chairs (Table 9). 

Twenty-eight product components that were screened by XRF for the 2012/2013 study had 

antimony measurements greater than 0.2% (2000 ppm). All of these samples were plastic. In 
order to assess ifXRF could be used as an effective screening tool for antimony, Ecology sent 16 
samples that screened greater than 0.2% in addition to nine samples with low-level or non­
detected XRF measurements for laboratory testing of antimony. Fourteen ofthe 16 samples sent 
to the laboratory that were screened greater than 0.2% antimony using XRF were confirmed to 
contain antimony at levels that would indicate its use as a flame retardant synergist (> 2,000 
ppm) (Table 9). 

Overall, the lab results agreed closely with the XRF measurements of antimony, indicating that the 
XRF analyzer can be used to qualitatively assess whether antimony is present in the product. Based 

on XRF results, no children's products or furniture screened in the 2012/2013 study contained 

antimony at levels where it would be used as a flame retardant synergist. 
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The 14 products confirmed to contain antimony in percent levels were all plastic components 

(plastic casings and cables for electronics and small appliances, such as space heaters, and a flame 
resistant plastic tarp ). Bromine was measured by XRF alongside antimony at percent levels in all 

but three of the fourteen samples, supporting a conclusion that antimony is being used as a 
synergist with halogenated flame retardants. One of the samples that contained high levels of 

antimony also contained percent levels ofTBBPA. Flame retardants from the 2012/2013 study 

were not detected in all products that contained high levels of antimony but screened positive for 

bromine in percent levels indicating that bromine sources are likely either additive flame retardants 

that were not assessed in this study or reactive flame retardants, which formed polymers and 
cannot be readily analyzed. 

Ecology purchased ten new infant products (changing mats, changing pads, and sleep wedges) 

from four Washington stores and analyzed the inner polyurethane foam layer for the 

organophosphorous flame retardants-TCPP, TDCPP, TCEP, and TPP. Ofthe ten products 

tested, three (one changing pad and two changing mats) contained TCPP ranging from 0.7 to 

3.6% by weight. These results are listed in Table 9. No other organophosphorous flame 

retardants were detected. Bromine was not detected by XRF in any ofthe products. 

Two of the products that were tested during the 2012/2013 study were still on the market in 2014. 

The first product, a changing pad, still contained TCPP, whereas the second product, an infant 

sleep wedge that contained 2.5% TDCPP and 0.7% TCPP in 2012 did not contain any of the 

organophosphorous flame retardants tested for in 2014. The 2012/2013 study detected 

organophosphorous flame retardants in four out of five changing mats, changing pads, and sleep 

wedges. In contrast, only three of the ten similar products purchased in 2014 contained the 

organophosphorous flame retardants tested for. While neither study can be considered a 

statistically representative sample, the results suggest that either fewer manufacturers added flame 

retardants to infant foam products in 2014 or flame retardant usage has shifted to other chemicals. 

Indoor Environment 

ln addition to testing products, another way to assess flame retardants in use is through the 

analysis of indoor dust. Researchers found a high correlation between the amount and type of 
consumer products present in the home and the amount of PBDEs found in house dust indicating 
that it can be used as a surrogate for identifying flame retardants used in products (Allen, 2008). 

Since that study, multiple alternative flame retardants have been detected in house dust. This 

indicates that increasing numbers and different types of flame retardants are now being used. 
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Flame retardants measured in house dust include: 

• HBCD • BDP • BTBPE 

• TBPH • Dechlorane plus • RDP (Resorcinol bis ( diphenyl-phosphate) 

• TCPP • TBB • DBDPE 

• TPP • TDCPP • TBBPA 

• TTBP-TAZ • V6 

(Zhu 2007, Abdallah 2008, Stapleton 2008, 2009, Fang 2013, Brandsma 2013, Ballesteros-Gomez 2014) 

Dodson et al. (2012) found an increase in TBB and TBPH concentrations in dust collected from 

California homes between 2006 and 2011, consistent with their use as replacements for PBDEs. 
These are components of Firemaster® 550, which was introduced as a replacement to PBDEs in 

polyurethane foam. 

Flame retardants have also been detected in other indoor environments, such as child care facilities, 

gymnastic training facilities, offices, automobiles, and aircrafts (Bradman 2014, Carignan 2013a, 

Carignan 2013b, Fang 2013, Allen 2013, Brandsma 2014). For example, in a study of39 early 

childhood education centers, 100% of dust samples contained TCEP, TDCPP, TBB, TBPH, and 

PBDEs (Bradman, 2014). Median concentrations ofTCEP and TDCPP were higher than PBDE 
congeners, and levels were particularly elevated in centers with foam nap mats. 

Reports Under the Children's Safe Products Act 

Washington's Children' s Safe Product Act (CSPA) requires manufacturers to report if chemicals 

ofhigh concern to children (CHCCs) are present in children' s products they manufacture. 

Manufacturers began reporting on a phased-in schedule based on product type and company size 

in August 2012, and report annually. 

Table 2: Examples of information reported under CSPA 

Present in a product 

category 

Such as: 

• Puppets 

• Bracelets 

• Skirts 

Present in a product 

component 

Such as: 

• Synthetic polymers 

The function of the chemical 

in the product component 

Such as: 

• Coloration/pigments/dyes/inks 

- plastic, foam, other • Plasticizer/softener 

• Metals • Flame retardant 

• Cosmetics - nails • Surface coatings • No function - contaminant 

• Baby changing mats 

As of August 2014, manufacturers filed over 25,000 reports of a chemical in a product component 

and category. A minority (only 153) of those reports were for the function "flame retardant." 

Thirty one ofthese reports were for halogenated flame retardants. Ofthese 31 reports, only 10 
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indicated the chemical was used in the percent level, and all were reported to contain TBBPA. Of 
these ten reports, six were reported as synthetic polymers used in powered non-ride toy vehicles 
and four were reported as synthetic textiles used in the following products: a baby carrier, a baby 
play pen, a baby car/booster seat, and a baby swing. HBCD, deca-BDE, TCEP, and TDCPP with 
the function "flame retardant" were not reported in the percent levels. TDCPP was added to the list 
recently and the first reports for this chemical are not required until February 2015 so it might be 
underreported in comparison to the other chemicals. The majority (1 07 of 153) of these reports 
with a "flame retardant" function were less than 500 ppm indicating that they were likely a 
contaminant from recycled content, an impurity from another additive flame retardant, or residual 
un-reacted monomer from a reactive flame retardant. 

The most frequently reported chemical group with the function "flame retardant" is antimony 
and antimony compounds (122 of 153 reports). Twenty-five of these reports were greater than 
1,000 ppm (Figure 4) including four reports in the percent level. 

Reports for Antimony & Antimony compounds, August 2012-August 2014 
Concentration: >1000 ppm 
Function: Flame retardant 
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Figure 4: Reports for Antimony and Antimony Compounds 

Antimony and antimony compounds have been reported 2,377 times, mostly at low levels for 
other functions, including a catalyst, a coloration agent, or plasticizer. 

Some reports (103) noted that halogenated chemicals (TBBPA, HBCD, deca-BDE, TCEP, and 
TDCPP) were present for other functions, including contaminants, coloration agents, or 
plasticizers. Of these reports, only a small number submitted results in the percent levels with a 
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function other than "flame retardant." There were nine reports ofTBBPA in the percent levels with 
the function of"Coloration!Pigments/Dyes!Inks" in Toy Vehicles-Non Ride (Powered) products. 

In conclusion, the data reported under the CSPA does not indicate widespread use of halogenated 
flame retardants that require reporting in children's products. 

Chapter 4: Known Potential Hazards/Health Effects 
and Exposures 

Toxicity 

Halogenated Flame Retardants 

Brominated Flame Retardants 
More than 75 brominated flame retardants are currently in use (Guerra, 2011) and very little is 
known about the hazards and exposures of most of them. Many brominated flame retardants in use 
are of concern due to their adverse effects, including those on the thyroid, liver, and reproductive 
system. 

Endocrine disruption via thyroid hormones is the primary endpoint of concern for brominated 
flame retardants. PBDEs are structurally similar to triiodothyronine (T3) and thyroxin (T4) (Figure 
5) and interfere with normal regulation by those honnones. Disruption of normal thyroid hormone 
function results in adverse effects on neurodevelopment and behavior. 

OH 
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Figure 5: Structure of the thyroid hormone, thyroxin (T4) and PBDE general structure 
(m & n = 0 - 5 Br atoms on each benzene ring, total of I - 10 Br atoms in each PBDE congener) 

Most of what is known about the toxicity of flame retardants arises from animal studies and in 
vitro assays, especially as ethical concerns prevent controlled studies on human subjects. Some 
epidemiological studies exist on impacts from brominated flame retardants on humans. A recent 
review of those studies (Kim, 2014) found plausible outcomes associated with exposure to 
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brominated flame retardants (HBCD, polybrominated biphenyl [PBB], PBDEs, and TBBPA) 
include neurological and developmental disorders, cancer, reproductive health effects, and 
alteration of thyroid function. 

PBDEs are believed to affect neurodevelopment and behavior adversely through effects on thyroid 

hormones (CDC, 2009; ATSDR, 2004). Exposure to PBDEs in utero and through lactation causes 

thyroid effects and neurobehavioral effects in animals. EPA has classified one PBDE congener, 

decaBDE also known as BDE-209, a possible human carcinogen based on the development ofliver 
tumors in rodent feeding studies (EPA IRIS, 2008). EPA has also derived reference doses for 
several PBDE congeners for non-cancer effects. 

Less is known about the toxicity of other halogenated flame retardants. However, some other flame 

retardants are thought to have similar toxic effects based on initial studies in animals and cell lines 

(Wikoff and Birnbaum, 2011; Roosens, 2009; Patisaul, 2013). For example, repeated dose HBCD 

studies in rodents show negative effects on the liver and thyroid. These results are supported by in 

vitro assays and neonatal HBCD exposure of rats, which led to adverse effects on 

neurodevelopment (Wikoff and Birnbaum, 2011 ). A Firemaster® 550 rat study showed endocrine 

disruption, including effects on thyroxine levels (Patisaul, 2013). 

TBBPA has both acute and chronic aquatic toxicity for a variety of fish species and daphnia 

(EPA 2014f). Chronic toxicity in fish include effects on heart, trunk, and tail morphology 

(McCormick et al. 201 0). Human health effects from TBBPA are less clear. The EU risk 

assessment found no consistent results on any endpoint and no human health concern was 

identified (Dekant 2010, ECHA 2006). The EU assessment notes some non-adverse effects on 

thyroid hormones. However, the EPA DfE hazard assessment (EPA 2014f) assigned more 

importance to those endocrine effects. Other endpoints were also unclear. For example, the DfE 

hazard assessment scored TBBPA as moderate for carcinogenicity based on rat studies. Some of 
the rat studies showed increased incidence of certain cancers in one or both sexes. DfE also 

scored TBBPA as moderate for developmental toxicity due to mixed results from different 
studies. The EU risk assessment determined that data was not sufficient to identify a concern. 

Both the DtE alternatives assessment and the EU risk assessment determined that TBBPA is 

persistent and not bioaccumulative. 

The Washington State Departments of Ecology and Health published a Chemical Action Plan 

(CAP) for PBDEs in 2006 (Ecology 2006). The plan noted the reservoir ofPBDEs in people and in 

the environment, negative effects on neurological development and thyroid hormone regulation, 

and people' s exposure through indoor dust and foods. The PBDE CAP recommended, and the state 

later passed, a ban on the use ofPBDEs in certain products, after safer alternatives were identified. 
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EPA published a chemical action plan for HBCD in 2010 (EPA 201 0). The plan cites effects on 
thyroid hormones, learning and memory, and reproductive effects. Studies have detected HBCD 
in human tissue, and the general population is likely exposed through food, dust, and inhalation. 
EPA's concern is mostly based on its persistence, bioaccumulation, and aquatic toxicity, with 
some concern for the general population. Based on these concerns, the EPA recommends several 
rulemakings to gather more information on releases ofHBCD, restrict some uses, and 
recommends an alternatives assessment. This EPA DfE alternatives assessment was completed in 
2014 (EPA 2014d). 

Chlorinated Flame Retardants 
As mentioned previously, TCEP (Figure 2), TDCPP, TCPP, and V6 are part of a family of related 
chlorinated flame retardants (chlorinated alkyl phosphate esters). TCEP has also been identified as 
a byproduct in the flame retardant Antiblaze® V6. Cancer and reproductive effects are the primary 
concerns for chlorinated flame retardants (ATSDR, 2012). 

Washington State identified TCEP as a CHCC due to its carcinogenicity and non-cancer effects on 
reproduction. TCEP is classified as a carcinogen by California and a reproductive hazard by the 
European Union. TDCPP was identified by the California Environmental Protection Agency as a 
chemical known to cause cancer and placed on the Proposition 65 list of toxic chemicals (Cal EPA 
2014). Based on this concern, TDCPP was added to Ecology's CHCC list in 2013 (Chapter 173-
334 WAC). The EU did not characterize a third compound, TCPP, as a hazard, but that is due to 
the assumption that the exposure is negligible due to its presence in foams that are enclosed (EU 
2008). As mentioned in Chapter 3, TCPP has been detected in house dust. In repeated dose toxicity 
feeding studies in rats, there were effects on the liver and thyroid (EU 2008) and the similar 
structure suggests that TCPP will have similar effects as TCEP and TDCPP. 

Non-halogenated Flame Retardants (TPP and RDP) 

EPA's deca-BDE alternatives assessment (EPA, 2014) incorporated hazard assessments of 
possible alternatives including RDP and TPP. RDP has low to moderate human health effects. A 
two generation dietary reproduction study in rats detected delayed vaginal opening and preputial 
separation. TPP was found to have high human health effects for repeated dose toxicity based on 
effects of body weight in a rat study. TI1e other human health endpoints for which there was data 
were considered a low level of concern. 

Ecology and the Department of Health conducted an alternatives assessment for deca-BDE (2008) 
that included TPP and RDP. Neither flame retardant met Washington's PBT criteria. RDP was 
identified as a safer alternative as RDP was not found to cause the types of environmental or 
human health-related toxic effects observed for deca-BDE. These effects included developmental, 
reproductive, and neurological toxicity, based on limited studies in animals and its chemical 
structure. TPP was not identified as a safer alternative primarily based on its high aquatic toxicity. 

36 



Inorganic Antimony 
Breathing high levels of antimony trioxide irritates the eyes and lungs, and leads to heart, lung, 
and digestive system effects (ATSDR, 1992; EPA, 20 14g). Long-term, low-dose studies in 

animals showed similar effects, with additional effects on fertility. Antimony trioxide is also a 
highly acute aquatic toxic chemical (EPA, 20 14). The International Agency for Research on 

Cancer (IARC) classified antimony as a possible human carcinogen and California identified it 

as known to cause cancer (Cal EPA, 2014). Antimony and antimony compounds are identified as 

CHCCs due to cancer from inhalation. There is no evidence of carcinogenicity from ingestion 

(EPA, 2014g). 

Exposure 
While some information is available on antimony and PBDE exposure, less is known about other 

flame retardants. For example, the National Health and Nutrition Examination Survey (NHANES), 
which provides an ongoing assessment ofthe exposure ofthe U.S. population to environmental 

chemicals via biomonitoring, reported levels of antimony and ten PBDE congeners, but does not 

measure other flame retardants (CDC, 2009). 

In general, people are exposed to flame retardants through ingestion of contaminated food and 

dust, with dust being particularly important for children as their hands come in contact with dust 

through crawling and touching objects and they put their hands in their mouths (hand to mouth) 

(ATSDR, 2012; CDC, 2009; Toms, 2011). House dust accounts for 80% oftotal intake ofPBDEs 
for Americans (Lorber 2008). Additive flame retardants are not covalently bound to materials and 

are more easily released into house dust compared to reactive flame retardants. Some workers are 
exposed to higher levels through inhalation and ingestion (A TSDR, 20 12; CDC, 2009). 

Brominated Flame Retardants 
Levels ofPBDEs in blood reflect cumulative exposure over the recent months to years of 

exposure. In the general population, levels in children tend to be higher than levels in adults (CDC, 

2009; Butt, 2014; Stapleton, 2012). This is consistent with increased hand to mouth behavior in 
children. Levels ofPBDEs in people are higher in the U.S. than in Europe (CDC 2009) and are 

higher within California than the rest of the U.S. (Zota, 2008). California' s flame retardant 
standard TB-1 I 7, discussed in Chapter 2, resulted in increased use of chemical flame retardants, 

which may have contributed to the higher levels detected. Prior to 2004, when the flame retardant 
industry voluntarily ceased production, penta-BDE was the PBDE produced in the largest quantity. 
It is found in the NHANES study in all samples and at the highest levels compared with other 

PBDEs included in the study. 

Firemaster® 550 is a mixture oftriphenyl phosphate (TPP), isopropylated triphenyl phosphate 

isomers (TTPs), 2-ethylhexyl-2,3,4,5-tetrabromobenzoate (TBB), and bis(2-ethylhexyl)-2,3,4,5-

tetrabromophthalate (TBPH). Hoffman et al (2014) measured the main metabolite ofTBB, 

2,3,4,5-tetrabromobenzoic acid (TBBA), in human urine as a biomarker ofFiremaster® 550 
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exposure. Unlike the other·components, the use ofTBB is thought to be specific to Firemaster® 
mixtures, so the TBB metabolite is a good indicator of exposure to Firemaster® 550. TBBA was 
detected in almost three quarters of the 64 urine samples, showing widespread and variable 

exposure. They also found a positive correlation between levels ofTBB and TBPH in indoor 
dust and levels in handwipes. Additionally, levels ofTBB in handwipes were positively 

correlated with urinary TBBA. This suggests indoor dust as an exposure pathway for Firemaster® 
550, similar to PBDEs. 

Carignan et al. (2012) measured TBBPA and HBCD in human breast milk and evaluated factors 
that could be used to predict the presence ofTBBPA and HBCD. HBCDs were found in all . 
samples and TBBPA in 35% ofthe samples tested. The lower concentrations and detection 
frequency ofTBBPA compared to HBCD has been observed in other studies on breast milk and 
fat tissue. A positive correlation was found between HBCD levels and the number of electronics 

in the home, especially for stereo and video equipment. Other studies have also shown a 

correlation between HBCD levels in dust and serum (Roosens, 2009) and other halogenated 
flame retardants. Allen et al. (2008) found a correlation between bromine-containing consumer 
products and penta- and octa-BDEs in dust. 

Roosens et al. (2009) compared HBCDs in food, dust, and serum. Dust concentrations correlated 
significantly with the concentrations in serum, while there was no such correlation between food 

and serum indicating that dust was the major route of exposure. Stapleton et al. (20 12) used hand 
wipes to estimate exposure to PBDEs in house dust among toddlers. PBDEs were detected in all 
samples of house dust and serum and 98% ofhand wipes. While the serum levels significantly 
correlated with both dust and hand wipes, the correlation was stronger for hand wipes, 

strengthening the conclusion that dust is the major route of exposure. Watkins et al. (2012) found 
a similar correlation between PBDEs levels in office dust and adult workers. 

Chlorinated and Non-halogenated Flame Retardants 

While no large representative study exists on the exposure of the U.S. population to chlorinated 
and non-halogenated flame retardants, exposure appears widespread and variable (Betts 2013). 
Two studies in the Boston area looked at TDCPP's main metabolite, bis(1 ,3-dichloro-2-propyl) 
phosphate (BDCPP). In one study, BDCPP was detected in the urine of all 24 female and 5 male 
office workers tested (Carignan, 2013a). 

The second study found that 91% of 45 men had BDCPP and 96% had the TPP metabolite 
diphenyl phosphate (DPP) in their urine (Meeker, 2013). Meeker and Stapleton (201 0) 

previously showed a relationship between TDCPP and TPP in house dust and hmmone levels 

and semen quality in men. Hoffman et al. (2014) found the metabolites ofTDCPP and TPP were 
widespread and variable in the urine of pregnant women (detected in 38/39 women). 

38 



Dodson et al. (2014) investigated the correlation of three chlorinated and four non-halogenated 
phosphate flame retardants (TCEP, TCPP, TDCPP, TPP, EHDPP, TBP, and TBOEP) in house 
dust and their metabolites in urine. The study looked at 16 California residents and their homes 

and is a follow up from earlier studies in 2006 and 2011 on flame retardants in house dust in 
California (Dodson 2012). BDCPP, the metabolite ofTDCPP, was found most commonly, in 
94% of the urine samples. The metabolites for TCEP, TDCPP, and TPP were found at the 
highest concentrations, up to 6.8 ng/mL. While data for comparison are limited, the results were 

in the range of previously reported results. There were some weak correlations between levels in 
dust and metabolite levels in urine. The lack of strong correlations could be due to the small 
sample size, shorter exposure times for urine compared to dust, or other exposure routes. There 
were stronger correlations among different metabolites in urine, meaning people tended to have 

similar levels of each phosphate flame retardant metabolite. 

A correlation was found between levels of TCEP in both indoor air and dust in German daycare 
centers and the levels of its metabolite in the urine of children at the daycare centers (Fromme, 
2014). Additional organophosphate flame retardants including TCPP were also detected in the 

children' s urine. Bradman et al. (2014) estimated children's exposure to PBDEs and TDCPP 
based on their measured dust concentrations in daycares (see Chapter 3) and compared the 

estimated exposures to health risk levels. The authors concluded that the dose estimates of 

congener BDE-99, based on conservative non-dietary ingestion assumptions, exceeded the 
reference dose (RID) in one facility for children less than 3 years old and that half of the centers 
had concentrations ofTDCPP that exceeded the no significant risk levels. The RIDs used were 
the U.S. EPA reference doses for chronic oral ingestion of specific PBDE congeners and 
represent an exposure at which non-cancer effects may occur, but does not mean that health 
effects will occur. The no significant risk levels were developed by the California Office of 
Environmental Health Hazard Assessment (OEHHA) to determine a daily intake that 
corresponds to 1 in 1 o·5 lifetime excess cancer risk. 

Organophosphate flame retardants have been found in human milk in Asian countries (Kim, 
2014) and Sweden (Sundkvist, 2010). Kim evaluated levels of several organophosphorus flame 
retardants, including TDCPP, TCEP, and TPP. TCEP and TPP were detected in more than 60% 
of the samples. The authors also compared the estimated exposure of infants to TCEP via breast 
milk and found some individuals were close to the reference dose. The reference dose is the 
estimate of a daily oral exposure that is likely to be without appreciable risk of deleterious effects 
during a lifetime. 

Inorganic Antimony 
The NHANES reported on the levels of antimony in people in the U.S. population (CDC, 2009). 

According to the CDC, people are exposed to antimony primarily through food and, to a lesser 

extent, from air and drinking water. Because of the rapid elimination of antimony, levels of 

urinary antimony reflect recent exposure. Inhalation of airborne dust is the primary concern for 
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occupational exposure. The general population is primarily exposed to the less toxic pentavalent 
form of antimony through food and water (EPA, 2014g) 

Occupational Exposure 
Several studies have evaluated the levels of flame retardants, mostly for PBDEs, in certain 

occupational groups. 

Sjodin et al. (1999) found elevated PBDEs in computer workers compared to cleaning personnel. 

Upon further evaluation, Jakobsson et al. (2002) found certain PBDE congeners 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, 2011 ). 

Workers recycling foam and electronics are exposed to higher levels of flame retardants. Higher 

levels ofPBDEs were found in recycling workers in the U.S. (Stapleton, 2005), China (Qu, 

2007) and Sweden (SjOdin, 1999). The U.S. study looked at both foam recyclers and carpet pad 

installers, since carpet pads are often made from recycled materials. Both of those occupational 

groups had levels ofPBDEs ten times higher than the control group. Sjodin et at. (1999) found 
levels ofPBDEs in workers in an electronics dismantling plant were about five times higher than 
other workers. 

Airplanes contain high levels of flame retardants to meet safety standards. PBDE levels were 
higher in aircraft maintenance personnel compared to pilots/cabin crew or a control group (Strid, 

2014). Two congeners, BDE-153 and BDE-154, were also higher in the pilots and cabin crew 

compared to the control group. 

Carignan et al. (20 13b) found elevated levels of penta-BDE in collegiate gymnasts exposed to a lot 

of foam equipment. Flame retardant levels increased in hand wipe samples after practice compared 
with before practice. 

Several studies evaluated occupational exposures and disease in firefighters, who are exposed to: 

• Flame retardants 

• Volatile organic compounds (VOCs) 

• Polycyclic aromatic hydrocarbons (PAHs) 

• Polychlorinated biphenyls (PCBs) 

• Metals 

• Various combustion by-products, including chlorinated and brominated dibenzo-p­

dioxins and dibenzofurans (PCDD/Fs and PBDD/Fs) formed during combustion of 

organic materials in the presence of precursors containing chlorine or bromine, including 
flame retardants. 
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California' s biomonitoring program includes the Firefighter Occupational Exposures (FOX) 

project, a study of environmental chemical exposures in Southern California firefighters. High 
levels of PBDE flame retardants were measured in firefighters (particularly those who worked on 

front-line activities) and compared to the U.S. general population (using NHANES). Four 
percent of the samples exceeded the 951

h percentile ofNHANES (2003-2004) for both BDE-47 
and BDE-153. Seventy-five percent ofthe samples exceeded the 50th percentile ofNHANES 
(2003-04) for PBDE-47 and 90% for PBDE-153. 

A smaller study sampled twelve California firefighters after a fire event. They found higher 
levels ofPBDEs compared to the general population and the congener profiles were different, 
consistent with occupational exposure (Shaw et al, 2013). The study found higher exposures to 

PBDEs, PBDD/Fs, PCDD/Fs, and other chemicals. PBDEs were higher than in the general 

population, but lower than carpet layers, foam recyclers, and e-waste recyclers. TBBP A was not 

detected in any samples. 

A meta-analysis of all the studies on cancer incidence in firefighters found twelve, about half of 

the cancers investigated, were significantly associated with firefighting (LeMasters et al, 2006). 
The National Institute for Occupational Safety and Health (NIOSH) funded a large study to look 
at 30,000 firefighters across the U.S. and found evidence of a relationship between firefighting 

and cancer that is consistent with earlier studies (Daniels et al. 2013). 

Chapter 5: Flame Retardants in the Environment 

Pathways for Environmental Release 

PBDEs and other flame retardants migrate out of consumer products and collect in dust particles 
in the indoor environment (Allen, 2008). When textiles with indoor dust on them are washed, 

traces of these flame retardants are delivered to wastewater treatment plants (WWTPs), which is 

one of the major pathways for their release in Washington's environment (Ecology, 2011, 
Schreder and La Guardia 2014). Atmospheric deposition and surface runoff have also been 
identified as important pathways for PBDE contamination in Washington aquatic systems 
(Ecology, 2011; PNNL, 2010; Ecology, 2011). Similar pathways would be expected for other 
additive flame retardants that are found in dust and have similar physicochemical properties. 

Global Contaminants 

Halogenated flame retardants have been found in air, water, soil, sediments, biota, and WWTP 

effluents throughout the world (Covaci, 2011; van der Veen and de Boer, 2012). PBDEs, 

HBCD, BTBPE and other brominated flame retardants are persistent in the environment and can 

be transported long distances, making them ubiquitous in environmental media throughout the 

globe and as far away as the Arctic (de Whit, 201 0). Organophosphorous flame retardants, 

41 



including TCPP, TDCPP, TCEP, and TPP, have also been detected in the air of remote Arctic 
regions (Salamova, 2014b). The presence of flame retardants in the Arctic is an indicator of 
persistence and bioaccumulation used by the Stockholm Convention on Persistent Organi~ 

Pollutants (de Whit, 2010). 

Bioaccumulation 

Certain PBDE congeners, such as PBDE-99, are highly bioaccumulative. Bioaccumulation refers 

to the buildup of a substance within an organism. These increasing concentrations are of concern. 
While studies have shown that deca-BDE does not bioaccumulate, lower brominated degradation 

products including lower substituted PBDEs bioaccumulate in organisms and concentrate in the 
environment (EPA, 2009c). HBCD has also been found to be highly bioaccumulative in aquatic 

organisms (Wu, 2011). Other brominated flame retardants, like TBBPA, BTBPE, TBB, and TBPH 

appear to have lower bioaccumulation potential than PBDEs and HBCD (La Guardia, 2012; 
Morris, 2004). However, modeled K ow values suggest that many of the replacement brominated 

flame retardants may be bioaccumulative (Kuramochi, 2014), and many have been detected in 

wildlife, though at lower concentrations than PBDEs or HBCD (Covaci, 2011 ). Organophosphate 

flame retardants appear to be less likely to bioaccumulate than brominated flame retardants, but 
TPP in particular has been reported in several different trophic levels of wildlife (van der Veen and 

de Boer, 2012). 

Fish sample collected during sampling event. 
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Alternative Flame Retardants Replacing PBDEs in the 
Environment 

Recent air sampling in the Great Lakes and the Arctic found atmospheric concentrations of 
organophosphorous flame retardants one to three orders of magnitude higher than total PBDEs 
(Salamova, 2014a; Salamova, 2014b). Atmospheric TBB and TBPH concentrations are rising, 
while PBDEs are decreasing, suggesting an increase in the use ofFiremaster® 550 and other 

formulations containing these chemicals as a replacement for penta-BDE (Salamova, 2014b; 
Ma, 20 12). However, a later study by Ma et al. (20 13) did not find the same pattern. Robson et 
al. (2013) analyzed PBDEs and emerging brominated flame retardants in wet deposition from the 
Great Lakes area and found concentrations of deca-BDE decreased while BDE-154 and BTBPE 
increased between 2004 and 2010. The authors suggested that the increase in BDE-154 might be 
due to debromination of deca-BDE in the environment, but that BTBPE was likely observed 
because of its use as a replacement for octaBDE. 

A study assessing replacement flame retardants in the food web of San Francisco Bay found 
HBCD and Dechlorane Plus in sediments and wildlife, along with PBDEs (Klosterhaus, 2012). 
Other alternative flame retardants were detected infrequently at low concentrations or not at all. 
The authors suggested that samples collected soon after the phase-out ofPBDEs might serve as a 
baseline for future monitoring. 

There have been a few reports of TBBPA being detected at low levels in sharks and dolphins in 
Florida (Johnson-Restrepo, 2008) and in fish in China and Europe (Svhihlikova, 2014). Studies 
consistently fmd levels of TBBPA that are lower than HBCD, when TBBPA is detected. The 

detection limits were similar in the different studies. 

Gauthier et at. (2009) reported concentrations of several brominated flame retardants in herring 
gull eggs and found that DBDPE levels were the highest and surpassed PBDEs in three of the 

sites studied. Similarly, a study of fish tissue in rivers influenced by textile manufacturing 
suggested that HBCD levels rose following the phase-out ofpenta-BDE (Chen, 2011). 

The lack of any clear shift in environmental levels of flame retardants to reflect the use of 
replacement chemicals may arise from the short time period since the phase-out ofPBDEs or the 
continued diffuse leaching ofPBDEs from the large reservoir of products still in use. 

Flame Retardants in Washington State 

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; Ecology, 2011). 
While PBDEs are well characterized, less infonnation is available on the levels and occuiTence 
of flame retardants used in place of PBDEs. 
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In the few studies conducted in Washington State, brominated and organophosphate flame 

retardants were consistently detected at low levels in WWTP effluent, river water, sediments, 
fish tissue, and osprey eggs. The following sections summarize these studies. 

WWTP Effluent, Biosolids, and Stormwater 
TCEP was detected in influent and 
effluent from WWTPs around the 

Puget Sound in 2008 at levels ranging 
from less than detection to 3,600 ng/L 
(Ecology, 201 0). Concentrations of 

TCEP, the only flame retardant tested 

in the study, were higher in the Puget 

Sound influent and effluent samples 

than values reported in the literature 

from locations outside of Washington 

State (Ecology, 201 0). TCEP was also 

detected in biosolids from one ofthe 
WWTPs at 1,480 ng/g. In effluent 

collected from Puget Sound WWTPs 

by Ecology (2010), 100% of samples contained TCEP, at lower levels (range= 70 to 430 ng/L). 

Organo-phosphate flame retardants were consistently found in WWTP effluent measured in nine 

locations along the Columbia River, from Wenatchee to Longview during 2008-2009 (Morace, 
20 12). TCEP and TDCPP were detected in all samples, and all but one location contained 

tributyl phosphate (TBP) and TPP. Dechlorane Plus and Firemaster® 680 (BTBPE) were 
detected in solids filtered from WWTP eftluent and stormwater runoff collected in the same 

municipalities. Pentabromotoluene was detected only in the storm water runoff samples. 

Puget Sound Tributaries 
TCEP was found in surface water collected from tributaries and rivers draining to agricultural, 

commercial, residential, and forested land types in two Puget Sound watersheds (Ecology, 2011). 
Concentrations ranged from 60 to 21 0 ng/L. 

Water and Sediment 
A recent USGS study, along the lower Columbia River, analyzed several organo-phosphate 

flame retardants in passive samplers (Alvarez, 2014) and sediments (Counihan, 2014) between 

2008 and 2010. TCPP and TDCPP were detected in passive samplers deployed along the lower 

Columbia River in spring 2010 (Alvarez, 2014). TPP, PBDEs and Dechlorane Plus were detected 

in sediment samples from the lower Columbia River as well, with TPP present in the highest 

concentrations (3.2- 15.1 ng/g) (Counihan, 2014). 
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Sediment Cores 
Freshwater sediment cores collected from three western Washington lakes showed increasing 
trends in concentrations of hexabromocyclododecane (HBCD) beginning in the 1960s and 1970s 
through recently deposited sediments (Ecology, 2014). HBCD concentrations in the upper 
sediments of two of the lakes- Kitsap and Sawyer Lakes- were higher than levels in ambient 

freshwater sediments collected outside of Washington State. 

Freshwater Fish 
HBCD, TBBPA, chlorinated paraffins, and PBDEs were measured in bottom-feeder fish from 

four freshwater locations in Washington State (Ecology, 2012). PBDEs and chlorinated paraffins 
were detected in all samples tested, with chlorinated paraffins in the highest amounts (320 to 
1,670 ng/g) and PBDEs at lower levels (5 to 1 05 ng/g). HBCD was detected in all four water 

bodies at generally low concentrations. 

TBBPA was not detected in any ofthe samples at reportinglimits of0.5 - 0.9 ng/g. A national 
probabilistic study of contaminants in fish tissue from U.S . lakes and reservoirs, which included 

many sites in Washington, also did not detect TBBPA in any ofthe fish samples (Stahl, 2009). 

Osprey Eggs 
Henny (2011) analyzed osprey eggs collected along the Columbia River, Spokane River, and 
reference lakes in Washington State and found several brominated flame retardants (including 
HBCD and BTBPE) at concentrations ranging from not detected to 4.3 ng/g. 

Antimony in Washington State 

Over 26,000 environmental samples have been analyzed for antimony in Washington State 

(ElM, accessed 1/22/15), primarily as part of clean-up studies or site investigations. In general 
monitoring studies, few water or tissue samples had antimony levels greater than the reporting 

limit. Antimony was detected more frequently in sediments, at levels ranging from less than 
0.002 to 120 ppm (median= 0.28 ppm). The highest levels were seen in the Lower Duwamish 
Waterway and lakes in the northeastern part of the state. However, environmental levels of 
antimony are not directly related to antimony trioxide use as a flame retardant synergist. 
Antimony is released by humans to the environment through many sources, including 
combustion of fossil fuels, mining, and smelting activities (EPA, 2014g). Antimony trioxide used 
as a flame retardant synergist may enter the environment through wastewater treatment plant 
effluent and biosolids following the use and disposal of products, but no Ecology studies have 

been conducted to assess the contribution of this source to the environment. 
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Chapter 6: End of Life 

Flame retardants used in products could 

be released to the environment at the end 

of the useful life of the product through 

the break-down and/or improper burning 

ofthe products. They could also be 
incorporated into new products made 

from recycled materials. 

In Washington today, plastics and 

polyurethane foam probably contain the 

largest share of flame retardants in the 

waste stream (Table 5). Most of these 

products are landfilled. For example, 

auto fluff, which is mainly plastic and foam 

Landfills are the final destination/or many products 
containing flame retardants through the disposal of 
furniture, toys, electronics, and other items. 

left over after metals have been separated from shredded scrap cars and other consumer products 
is used as a daily cover layer over waste in some municipal solid waste landfills. 

Table 3: Waste composition analysis for the state of Washington, 2009 

Waste Category 

Electronic waste 

Furniture/mattresses 

Carpet and carpet pad 

Total percent of waste that 

may contain flame retardants 

Percent of total 

municipal solid waste 

1.0 

2.4 

2.7 

6.1 

Tons of municipal solid waste 

50,874 

118,151 

134,290 

303,315 

Some products are diverted for recycling, such as e-waste. Through Washington's E-Cycle 

program, e-waste is collected and separated into metals, plastics and glass (includes treated 
leaded glass) then sold as commodities to be reused as raw materials. In 2013, approximately 45 

million pounds of e-waste was received. Ecology estimated that 89% of the material collected 

was recycled (including approximately 6.5 million pounds of plastic) 

Globally, a large percentage of e-waste is sent to landfills or sent to smelting operations to recover 

metals. An unknown portion ofthe waste is recycled under unregulated conditions in certain 

developing countries, and the health implications of such practices are of concern (EPA 2008a). 
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Recycling Facilities and Recycled Products 
Several studies have identified e-waste recycling 

facilities as "hot spots" of contamination. An 

unknown portion of the waste is recycled under 

unregulated conditions in certain developing 

countries, and the health implications of such 

practices are of concern (EPA 2008). For example, 

elevated concentrations ofbrominated flame 

retardants and dioxins and furans have been 

recorded in areas near the recycling operations 

(reviewed by Law and Herzke, 2011 ). 

Concentrations ofbrominated dioxins and furans 

were also studied in a large electronics recycling 

facility and in surface soil surrounding a chemical 

production facility. Polybrominated dibenzofurans 

were found at elevated levels within the recycling 

plant and the surrounding environment for both What often happens to old carpet and 

facilities. These compounds were found to padding when not managed appropriately. 

contribute significantly to toxic chemical levels 

affecting both workers and the environment (Ma, 2009). 

High levels of antimony have also been found in dust from recycling facilities (Bi et al. 2011 ). 

While metals are the main incentive for e-waste recycling, plastics are also becoming increasingly 
recycled (Babayami, 2011). There are challenges in developing practical controls to flame 

retardants in the recycling system. Several studies demonstrate that flame retardants can also be 

introduced into products through the recycling system. These studies are mentioned in Chapter 3. 

Incineration 

Incineration of wastes containing halogenated compounds 
like flame retardants is an area of increasing concern. If 
burned at high temperatures, halogenated compounds are 

degraded to elemental compounds such as metal halides 
or halogen gases. These compounds can be intercepted 

before being released into the environment and disposed 

of appropriately. However, if high temperatures are not 

maintained, toxic halogenated compounds occur as 

byproducts ofthe combustion process. This is particularly 
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of concern during house fires and similar events where unintentional combustion occurs below 

the levels needed for complete destruction. 

During these lower temperature combustion events, numerous halogenated compounds are 

formed, including halogenated dioxins and furans. Halogenated dioxins and furans have been 
shown to be some of the most toxic chemicals identified (Tuomisto, 2011). Dioxins and furans 

are highly toxic and can cause reproductive and developmental problems, damage the immune 

system, interfere with hormones, and cause cancer (WHO, 2014). Two commonly studied toxic 

dioxins and furans are shown in Figure 6. 

Cl 

Cl 

0 

0 

2,3, 7,8-Tetrachlordibenzo-p-dioxin 

CAS 1746-01-6 

Cl 

Cl Cl . 
2,3, 7,8-Tetrachlordibenzofuran 

CAS 51207-31-9 

Figure 6. Structures of two halogenated dioxins and furans 

Widespread use of halogenated flame retardants have increased the formation of dioxins and 
furans, raising additional concerns about the impact they may have on human health and the 

environment. Hedman et al. (20.06) found that burning chlorine-containing waste in residential 

stoves and boilers gave rise to high emissions of polychlorinated dioxins and furans. 

Wyrzykowska-Ceradini et al. (2011) found that the levels of polychlorinated and polybrominated 

dioxins and furans considerably increased under certain conditions at a municipal waste 

combustor. 

Chapter 7: Safer Alternative Work 

Flame retardants have been the subject of detailed scrutiny over recent years. This section 
discusses many of the relevant flame retardant projects but it is not intended to be an exhaustive 
review of all alternatives assessment (AA) work on flame retardants. 

A complete alternative assessment process identifies and compares potential chemical and non­

chemical alternatives currently in existence that can be used as substitutes to replace chemicals 

or technologies of high concern. An alternatives assessment is specific to the particular use of a 

chemical. Potential safer alternatives are not only products containing "drop in" safer chemicals 
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but also redesigned products that meet the same function. This includes redesigned products with 
safer alternatives.and products that have designed out the need of a replacement to the chemical 
of concern. These assessments ensure that the safer alternatives are identified, which prevents 
"regrettable substitutions." A regrettable substitution occurs when a toxic chemical is replaced 
with another chemical of equal or greater toxicity concern. 

DfE Alternatives Assessment Criteria and Process 

The alternatives assessment process, the criteria used, and the hazard concern levels summarized 

in this report were developed by the EPA Design for the Environment (DfE) program. The DfE 
program was created to work ' ... with industry, environmental groups, and academia to reduce 
risk to people and the environment by finding ways to prevent pollution' (EPA, 2014a). Dffi 
developed a seven step alternatives assessment process (EPA, 2014b): 

1 . Determine feasibility of an alternatives assessment. 
2. Collect information on chemical alternatives. 
3. Convene stakeholders. 
4. Identify viable alternatives. 

5. Conduct the hazard assessment. 
6. Apply economic and life cycle context. 

7. Apply the results in decision making for safer chemical substitutes. 

Step 5, conduct the hazard assessment, is an important component of the AA process. To conduct 
a detailed hazard assessment, DfE identified a list of hazard criteria and how each hazard 
criterion can be separated into different levels of concern, ranging from very high to very low. 
DfE recently updated these criteria (EPA, 2011). Hazard assessment results are used to help 

decision makers evaluate the impact alternatives may have on human health and the environment 
with a goal of identifying a safer alternative. 

One limitation of the DfE hazard screening methodology is that DfE does not compare 

alternatives or provide guidance on whether one alternative is 'safer' than another. DfE considers 
performance and cost and availability to identify alternatives for further analysis. DfE also 
assumes that the exposure potential for the alternatives is the same or less compared with the 
chemical under evaluation based upon experience and professional judgment. Companies using 
the DfE data should be sure that their proposed use does not contradict this assumption. DfE 
conducts the hazard assessment and provides the results but leaves any decision about whether 
one alternative is preferable over another to the assessor. 

GreenScreen® Hazard Assessment 

Clean Production Action (CPA), a small non-governmental organization, adapted the DfE hazard 
assessment steps into the GreenScreen® for Safer Chemicals. CPA added three endpoints 

(endocrine activity, reactivity, and flammability) to the original 15 hazard endpoints created by 
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DtE. In addition, CPA added the benchmarking process which separates chemicals into four 
different groups or benchmarks (Figure 7), from a chemical of high concern that should be avoided 
(Benchmark 1) to a chemical that is preferred and considered a safer chemical (Benchmark 4 ). 

DfE does not make judgments on the chemicals in their alternatives assessment process but 
releases the assessment of each chemical and allows companies to reach their own conclusions. 
CPA through the benchmarking process standardized the review process and enabled users to 
separate alternatives into a hierarchy of increasing concern. 
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Figure 7: GreenScreen® Benchmarks 
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Each Benchmark is determined by analyzing specific combinations of hazard classifications. For 

example, the Benchmark 1 criteria align with the definition of a substance of very high concern 
(SVHC) under REACH. REACH identifies chemicals as SVHCs if they are persistent, 
bioaccumulative and toxic (PBT), carcinogenic, mutagenic or reproductive toxic (CMRs), very 
persistent and very bioaccumulative (vPvB), very persistent and toxic (vPT) or very 
bioaccumulative and toxic (vBT). 'Benchmark 1: Avoid-Chemicals ofHigh Concern' meet one 
ofthese five criteria. 

Ecology adopted the GreenScreen® as the primary chemical hazard assessment tool used in the 
alternatives assessment of the flame retardant, decabromodiphenyl ether (Ecology, 2008). This 
tool was chosen because it is based on the alternatives assessment work conducted by EPA' s 
Design for the Environment program. It provides a detai led assessment of impacts on human 
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health and the environment and is sufficiently transparent that reviewers can understand the 

details behind the conclusions reached both for the toxic chemical and potential alternatives. 

Alternative Assessments 

Beginning in 2005, DfE conducted four alternatives assessments related to flame retardants: 
1. An AA for the flame retardant decabromodiphenyl ether (DecaBDE), 

2. Flame Retardant Alternatives for Hexabromocyclododecane CHBCD) 

3. Flame Retardants Used in Flexible Polyurethane Foam: An AA Update 

4. Flame Retardants in Printed Circuit Boards 

Ecology also conducted an alternative assessment for DecaBDE using this process. 

The results of some ofthe Dffi hazard assessments were converted into Green Screen® assessments 
by a toxicologist from Clean Production Action. The results are posted in the Interstate Chemicals 

Clearinghouse' s (IC2) Chemical Hazard Assessment Database and are free to download and use 
(IC2, 2014). As noted previously, DfE does not pass judgment on alternatives to toxic chemicals 

but supplies the assessment results and allows each user to reach their own conclusion about the 
viability of an alternative. By converting the DfE assessment into a Green Screen® Benchmark, 

assessors can identify the Benchmark for each chemical, and whether each chemical is a safer 

alternative to the toxic chemical of concern. 

In addition to the certified GreenScreen® assessments, Ecology staff provided several provisional 

Green Screen® Benchmark scores based on the DfE hazard assessments. Because of subtle 

differences between the DfE and Green Screen® methodologies 11 , a confirmed Benchmark cannot 

be assigned until the data has been reviewed by certified professionals familiar with the 
differences between the DfE and CPA methodologies and the appropriate GreenScreen® levels of 

concern assigned. Therefore, these provisional results should be used with caution. 

Alternative assessments performed by Ecology and DfE and the certified and provisional 
GreenScreen® benchmark scores are discussed further in this section. The flame retardants 

selected included all the flame retardants detected in Washington products as well as a few 
examples of safer alternatives from the alternative assessment studies. 

11 The Green Screen levels of concern (high, moderate, low, etc.) are assigned based on the Global Hannonized 
System (GHS) and the European Union's Classification and Labeling Program (CLP). DfE uses its own criteria and 
although these criteria are often similar to the GHS and CLP levels, there are subtle differences, which can impact 
the level of concern assigned in the Green Screen® and the resulting Benchmark. 
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Washington Alternatives Assessment of decabromodiphenyl 
ether 

In 2009, Ecology and the Washington Department ofHealth 
(Health) completed an alternatives assessment to identify safer 

alternatives to the brominated flame retardant deca-BDE in 
electronic enclosures and residential upholstered furniture 

(Ecology, 2009). Electronic enclosures are the housing that 
encloses the components of electronic products. The assessment 
fulfilled the requirements of Chapter 70.76 RCW, which gave 
Ecology the authority to ban the use of deca-BDE in electronics 
enclosures (particularly television and computer enclosures) and 
residential upholstered furniture if at least one safer alternative 
could be identified. 

Ecology and Health limited their assessment to non-halogenated alternatives and identified at 

least one alternative, RDP or resorcinol bis(diphenyl phosphate), as a viable alternative to deca­
BDE in electronic enclosures. RDP was identified as a certified GreenScreen® Benchmark 2. Use 
ofRDP would require a product redesign-a change from HIPS or high impact polystyrene, the 
most common plastic used for electronic enclosures at that time, to a HIPS blend. However, 
Ecology was able to demonstrate that HIPS blends using RDP were being used in similar 
products on the market and provided equal performance while maintaining fire safety. 

For residential upholstered furniture, a preferred alternative was identified that did not require 
chemical addition but instead could rely on barrier fabrics that also maintained perforn1ance and 

fire safety. Therefore, the identified safer alternative for upholstered furniture did not require the 
addition of flame retardants but a redesign ofupholstered furniture. 

DfE AA for deca-BDE 
In 2014, DfE released the document, An Alternatives Assessment for the Flame Retardant 
Decabromodiphenyl Ether (EPA, 20 14a). In the report, DfE evaluated ' .. . 29 potentially 
functional, viable alternatives to deca-BDE for use in select polyolefins, styrenics, engineering 
thermoplastics, thermosets, elastomers, or waterborne emulsions and coatings.' The scope of this 

report was outlined in terms of categories of material rather than specific applications or end uses 
because decaBDE has been used in many different applications. Some of the applications include 
television enclosures, other electronic equipment, and textiles. In the report, DfE completed 

detailed hazard assessments of deca-BDE and 29 chemicals. 

Table 4 provides provisional and certified Benchmarks for deca-BDE and four alternatives. 
Hazard assessments for these five chemicals appear in Appendix 2, Tablell . The DfE report 
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provides the full list ofhazard assessments (EPA, 2014c.). DfE's report only included chemical 
alternatives. Alternative redesign solutions were not assessed. 

Table 4: Provisional and certified GreenScreen® Benchmarks for deca-BDE and several 
alternatives (EPA, 2014c) 

Chemical ' CAS Benchmark Reason for Benchmark 

Decabromodiphenyl Ethane 84852-53-9 1* High PST, vPT, High CMR 

Decabromodiphenyl Ether 1163-19-5 1* High PST, vPT, High CMR 

Ammonium polyphosphate (APP) 68333-79-9 3" Very high Persistence 

Polyphosphonate 68664-06-2 3" Very high Persistence 

Magnesium Hydroxide 1309-42-8 3" 
Very High Persistence, 

ModerateT 

'Provisional GreenScreen® result. Use with caution. a certified GreenScreen® assessments 

The eighteen non-halogenated alternatives identified in the DfE deca-BDE report were converted 
into GreenScreen® assessments and assigned Benchmarks (Figure 7). Five ofthe selected 
alternatives were 'regrettable substitutions', i.e., equally or more toxic than the chemical of 
concern. Eight alternatives were incrementally better (Benchmark 2) and three were considerably 

better (Benchmark 3). Two of the alternatives could not be assigned a Benchmark because there 
were too many important data gaps (Benchmark U for 'unspecified'). None of these alternatives 

attained a Benchmark 4 as all flame retardants had some level of concern. For those 
manufacturers seeking safer alternatives to toxic chemicals, all Benchmark 3 chemicals are safer 
alternatives. 

3,17% 

Number of non-halogenated 
Flame Retardants in each 

Benchmark 

2,11% 
I 5, 28% 

• Benchmark 1 

Benchmark 2 

Benchmark 3 

• Benchmark 4 

Benchmark U 

8,44%----

Figure 8: Benchmarks assigned to 18 of the 29 DfE deca-BDE alternatives 
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ATO Chemical Hazard Assessment 

From the deca-BDE report, A TO was converted into a GreenScreen® assessment. The summary 
table is shown in Figure 9. See GreenScreen Assessment Acronyms in Appendix 1. 

Figure 9: Certified GreenScreen® assessment of ATO 

A TO was assigned a Benchmark 1, a chemical to avoid, based on its very high degree of 
persistence and high systemic toxicity, primarily from impacts on the lungs from inhalation of 
A TO particles. A TO also was assigned a high level of concern for acute aquatic toxicity. A TO is 
used extensively as a synergist with halogenated flame retardants, both additive and reactive. 

Although ATO is in the Dffi deca-BDE alternatives assessment in plastics, it was reviewed 
solely as a flame retardant synergist. Only one other synergist was included in the DtE 
assessment. An alternatives assessment is still needed to identify safer alternatives to A TO as a 
flame retardant synergist. 

Flame Retardants Used in Flexible Polyurethane Foam 

In 2014, DtE released an update of an alternatives assessment report on flame retardants used in 
polyurethane foam (EPA, 2014e). The assessment included all uses of flexible polyurethane 
foam such as upholstered furniture, child car seats, nursing pillows, and foam chairs in cars and 
airplanes. Nineteen alternatives were evaluated in this report: 16 individual flame retardants and 
three mixtures (one non-proprietary, and two proprietary). As with other reports, Dffi includes a 
detailed hazard assessment, nine of which are shown in Table 5 but leaves any determination of 
whether one alternative is 'safer' than another to individual assessors. Non-chemical alternatives 
including product redesign were not assessed. 

From the Dffi report, APP, TPP, TCEP, TCPP, TDCPP, V6, TPTPP (a component ofFiremaster® 
550) were converted into GreenScreen® assessments. TBB and TBPH are provisional Benchmarks 
and identified as Benchmark 2. Firemaster® 550, TCEP, TDCPP, and V6 are listed in Table 5 and 
are certified either Benchmark 1 or Benchmark 2 chemicals (chemicals to be avoided or chemicals 
that should be discontinued as soon as safer alternatives are found). More information on 
carcinogenicity is needed to fully Benchmark TCPP.lt is currently identified as a Benchmark U. 
Depending on the results ofthe carcinogenicity data, TCPP would either be a benchmark 1 or 2. It 
is a moderate concern for reproductive and developmental as well as a high concern for acute 
aquatic toxicity. All of these chemicals were found in children' s products in Washington State 
(Ecology 2014). TCEP, for example, has a high concern for carcinogenicity, and acute aquatic 
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toxicity. TDCPP has a high level of concern for carcinogenicity, reproductive, and chronic aquatic 

toxicity. These high levels of concern indicate these alternatives are not safer flame retardants for 
use in polyurethane foam applications. (EPA, 20 14e ). · 

Table 5: Example Provisional and certified Green Screen® Benchmarks for flame retardants used 
In Flexible Polyurethane foam (See Appendix 1 for acronyms.) 

Chemical Benchmark Reason for Benchmark 

Firemasterc550 Moderate PBT; High (P&B); High P, 

(Mixtures ofTBB, Mixture Moderate T; High B, Moderate T; 
TBPH, IPTPP and Moderate CMR 
TPP) 2a 

Moderate PBT; High (P&B); High P, 

183658-27-7 Moderate T; High B, Moderate T; 

TBB 2" Moderate CMR 

Moderate PBT; High (P&B); High P, 

26040-51-7 Moderate T; High B, Moderate T; 

TBPH 2" Moderate CMR 

Very High Aquatic Toxicity; High 

68937-41-7 Systemic Toxicity, and Neurotoxicity; 

IPTPP 2• Moderate CMR 

TPP 115-86-6 2 " Moderate CMR 

TCEP 115-96-8 1" High CMR (Carcinogenicity) 

TCPP 13674-84-5/6145-73-9 ub Lacking Carcinogenicity Data 

13674-87-8 
High CMR (Carcinogenicity); very High 

TDCPP 1" P, HighT 

V6 38051-10-4 2"/1TP** Moderate CMR 

APP 68333-79-9 3 a Very High Persistence 

a certified GreenScreen® assessments 
b 'unspecified' for important hazard data missing so no Benchmark could be assigned. 
''Ecology reassigned the Benchmark to a 1 TP because TCEP is an impurity in V6. This data was not included in the 
EPA Alternative Assessment. 

Flame Retardants Used in Expandable Polystyrene Foam for 
Insulation 

In 2014, DfE released an alternatives assessment report on the use ofthe flame retardant HBCD 

(EPA, 2014d). Dffi did not evaluate all uses ofT-lBCD but limited its assessment to the use of 

HBCD as a flame retardant in expandable and extruded polystyrene foam building insulation 

(EPS and XPS, respectively), which accounts for more than 95% ofl-JBCD use. 
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Due to the limited scope ofHBCD use in the report, only three HBCD alternatives were 

evaluated because ' .. . flame retardants for EPS andXPSfoam must allow the material to comply 
with fire safety codes while not compromising the performance of the foam ' (EPA, 2014d). 

The HBCD hazard assessment and one of the alternatives is shown in Table 6. HBCD has a high 
level of concern for developmental toxicity and persistence, as well as both acute and chronic 
aquatic toxicity and ability to bioaccumulate. Although a GreenScreen® conversion has not been 

completed, HBCD would likely be assigned a Benchmark 1 based on the DfE results. 

All three HBCD alternatives were brominated and two contained tetrabromobisphenol A 
(TBPPA) as a component of the polymer chain (reactive flame retardant compared with the 

additive flame retardant HBCD). Of the three flame retardants assessed, ' . .. the hazard profile of 

the butadiene styrene brominated copolymer (CASRN 1195978-93-8) shows that this chemical is 

anticipated to be safer than HBCD for multiple endpoints.' DfE further indicated however, that 
' ... this alternative is inherently persistent and its long-term behavior in the environment is not 

currently known' (EPA, 20 14d). 

Table 6 provides provisional Benchmarks assigned to HBCD and one ofthe alternatives. 

Table 6: Provisional GreenScreen® Benchmarks for hexabromocyclododecane and an alternative 
from EPA, 2014d assessment results (See Appendix 1 for acronyms.) 

Chemical 

HBCD 

Butadiene styrene 

brominated copolymer 

25637-99-4/3194-55-6 

1195978-93-8 

•Provisional GreenScreenr-& result. Use with caution. 

Benchmark 

1* 

2* 

Flame Retardants Used in Printed Circuit Boards 

Reason for Benchmark 

PBT; vBT; High CMR 

(Developmental) 

Very high P, Moderate T 

In 2014, Dffi released a draft update to their 2008 report (EPA, 2014 f) assessment of flame 
retardants in printed circuit boards. DfE assessed ten flame retardants that can be used in the 
manufacture of printed circuit boards. Table 9 in Appendix 2 lists the hazard assessments of 
TBBPA and two alternatives dihydrooxaphosphaphenanthrene (DOPO) and Fyro1 PMP, an 

aromatic phophonate oligomer (EPA, 2014f). All three ofthese chemicals are used in the 
reactive form. 
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Using TBBPA data from Dffi, results for the monomer were translated into a GreenScreen® 
assessment and assigned a Benchmark 1 TP based on concerns associated with bisphenol A, a 
Benchmark 1 chemical, as a potential degradation product which could occur under anaerobic 

conditions. Provisional GreenScreens indicate that DOPO and Fyrol PMP are likely to be 
identified as Benchmark 2 chemicals. Several other chemicals are likely to have a Benchmark 
higher than 1 indicating they are also likely to be safer alternatives to TBPPA. However, 
certified GreenScreen® assessments are required to confirm this assumption. 

Table 7 provides provisional Benchmarks assigned for TBBPA and two alternatives. 

Table 7: Provisional and certified Green Screen® Benchmarks for for monomers of 
tetrabromobisphenol A and two alternatives (See Appendix 1 for acronyms.) 

Chemical 

TBBPA 

DOPO 

Fyrol PMP 

79-94-7 

35948-25-5 

Proprietary 

Benchmark 

2* 

2* 

Reason for Benchmark 

High CMR Toxicity of degradation product BPA 

High P, Moderate T; High P, Moderate Ecotoxicity 

Very high P, High B 

*Provisional GreenScreen® result. Use with caution. a certified GreenScreen® assessments 

Additional Alternatives Assessments 

As indicated previously, other alternatives assessments are available. However, many of these 
assessments are either based on the work described above or are sufficiently dated to have 
concerns about their current validity. As an example of the former, the non-governmental 
organization BizNGO conducted an alternatives assessment of deca-BDE to evaluate the ability 

of member companies to comply with the California Environmental Protection Agency's Safer 
Product Regulations (BizNGO, 2014). While some new cost and availability data was created as 

part of this assessment, all hazard information was taken from previous alternatives assessments. 

The Danish Environmental Protection Agency conducted an alternatives assessment of deca­

BDE in 2006 (DEPA, 2006). Although this assessment was important foundational work on 
deca-BDE alternatives assessments, subsequent work has provided substantive updates to 
concerns associated with deca-BDE. 

Chapter 8: Existing Regulatory Programs 

This section describes major existing regulations relevant to halogenated flame retardants and 

antimony trioxide at the federal, state, and international levels. While this section aims to 
summarize the most important regulations in this area, it is not an exhaustive review of all ofthe 
regulations pertinent to these chemicals. 
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Domestic Regulations on Halogenated Flame Retardants 

Children's Sleepwear 

Halogenated flame retardants began receiving regulatory attention in the 1970s when research 
raised concern about chemicals that were being used to meet flame retardant requirements for 

children's sleepwear. One chemical at issue (tris(2,3-dibromopropyl) phosphate (Tris-BP), 
commonly known as "brominated Tris,") was ultimately restricted by a Significant New Use 
Rule under the Toxic Substances Control Act (TSCA). TDCPP was used briefly as a 
replac;ement. While manufacturers voluntarily withdrew TDCPP from use in children's 
sleepwear, its use in other applications continued. 12 

U.S. Restrictions on Flame Retardant Use 

Action Flame Retardants 

National voluntary agreements pentaBDE, decaBDE, octaBDE 

EPA restrictions Tris-BP 

HBCD, pentaBDE, octaBDE, decaBDE, TBBPA, 

U.S. State restrictions* TCEP,TDCPP 

ATO 

*See Table 10. For more detailed information 

PBDEs 

More recently, concern about the safety ofPBDEs led to a wave of regulatory activity. 
Washington joined a dozen other states in passing laws specifically addressing PBDEs, and was 
the first to restrict deca-BDE. 13 Washington's law prohibits the use ofpenta- and octa-BDE, and 
places restrictions on deca-BDE in mattresses, residential upholstered furniture, and electronic 
enclosures for computers and televisions. 14 The law required Ecology to issue a finding that safer 

alternatives to deca-BDE were available before the restrictions took effect. 15 

12 Cordner A, Mulcahy M, Brown P. (2013) Chemical Regulation on Fire: Rapid Policy Advances on Flame 
Retardants. Environ. Sci. Technol. 2013, 47, 7067-7076. Available at: dx.doi.org/10.1021/es3036237 
13 National Conference of State Legislatures. (2012) State Regulation of Flame Retardants in Consumer Products. 
Available at: www.ncsl.org/research/environment-and-natural-resources/flame-retardants-in-consumer-oroducts.aspx 
14 Washington Department of Ecology. Available at: www.ecy.wa.gov/programs/swfa/pbt/pbde.html 
15 Washington Department ofEcology. Alternatives to Deca-BDE in Televisions and Computers and Residential 
Upholstered Furniture. Available at: https://fortress.wa.gov/ecy/publications/summarypages/090704l.html 
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Washington lists penta-BDE, octa-BDE, and deca-BDE as PBT chemicals. 16 Deca-BDE is listed 
as a CHCC under Washington' s Children' s Safe Product Act, which requires manufacturers to 
report if it is present in children's products. 17 

PBDEs have also been addressed at the federal level through agreements with manufacturers. 
Manufacturers ofpenta-BDE and octa-BDE agreed to voluntarily stop producing these two 
forms ofPBDEs by the end of2004.1n 2009, three major producers ofdeca-BDE arrived at an 

agreement with EPA to stop producing, importing, and selling deca-BDE by the end of 2012. 18 

Chlorinated Flame Retardants 

Some of the flame retardant chemicals at issue in the 1970s controversy over children's 
sleepwear, notably TCEP and TDCPP, have recently re-emerged as a target for regulation .. In 
2013, Maryland 19 barred the use ofTCEP in certain children's products, while Vermont enacted 
restrictions on both TCEP and TDCPP in children's products, and required additional study of 
TCPP.20 New York21 enacted restrictions on TCEP in 2013, and added restrictions on TDCPP to 
the law in 2014. 

TDCPP in children's foam-padded sleeping products was named as one of three initial priority 

products for California's Safer Consumer Product regulations, which target chemical uses for 
safer alternatives assessment and substitution.22 This followed the listing ofTDCPP as a 

carcinogen under the state' s Proposition 65 law, which requires notification to citizens of 
exposures to chemicals known to the State of California to cause cancer, birth defects, or 
reproductive harm.23 TCEP is also included on the Proposition 65 list as a carcinogen (Table 7). 

TCEP and TDCPP are listed as CHCCs under Washington' s Children's Safe Product Act, which 
requires manufacturers to report if they are present in children's products.24 

16 Washington Department ofEcology. Available at: www.ecy.wa.gov/programs/swfa/pbt/list.html 
17 Washington Department ofEcology. Available at: www.ecy.wa.gov/programs/swfa/cspa/chcc.html 
18 U.S. Environmental Protection Agency. Available at: 
www.epa.gov/opptintr/existingchemicals/pubs/actionplans/deccadbe.htrnl 
19 State of Maryland. Available at: 
htto://mgaleg.maryland.gov/webmga/frmMain.aspx?pid=billpage&stab=03&id=hb0099&tab=subject3&ys=2013rs 
20 State of Vermont. Available at: www.leg.state.vt.us/database/status/summary.cfrn?Biii=S%2E0081&Session=2014 
21 State ofNew York. Available at: http://assembly.state.ny.us/leg/?term=2013&bn=S03703 
22 California Department ofToxic Substances Control. Available at: www.dtsc.ca.gov/SCP/index.cfm 
23 California Office of Environmental Health Hazard Assessment. Available at: 
http://oehha.ca.gov/Prop65/prop65 list/1 028111ist.html 
24 Washington Department ofEcology. Available at: www.ecy.wa.gov/programs/swfa/cspa/chcc.htrnl 
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TBBPA 
TBBPA is listed as a PBT chemical by the State ofWashington25 and as a CHCC. 18 EPA 
identified TBBPA and related chemicals as candidates for potential future risk assessments under 

TSCA in its 2013 TSCA Work Plan. 26 

HBCD 

HBCD is listed as PBT chemical and a CHCC by the State of Washington. EPA released a 

chemical action plan in 2010 identifying regulatory actions it intends to pursue for HBCD under 
the Toxics Substances Control Act (TSCA), including adding HBCD to its list of chemicals of 
concern, adopting a significant new use rule for use in consumer textiles, adding HBCD to the 
toxics release inventory (TRT), or regulating it more comprehensively under TSCA Section 6(a).27 

EPA's Design for the Environment (DfE) program released an alternatives assessment on HBCD 
in July 2014.28 

Regulations on Antimony 

Antimony trioxide is included on the Proposition 65 list in California as a carcinogen (Table 7). 
The ASTM F963 Standard Consumer Safety Specification for Toy Safety, which manufacturers 
of toys are required to meet under regulations established by the U.S. Consumer Product Safety 
Commission (CPSC), includes a migration limit of 60 parts per million (ppm) for antimony.29 

The American Conference of Governmental and Industrial Hygienists and the Occupational 
Safety and Health Administration (OSHA) set limits for occupational inhalation exposure.30 EPA 
has set a Maximum Contaminant Level (mel) of six parts per billion (ppb) for antimony in 

drinking waterY 

25 Washington Department ofEcology. Available at: www.ecy.wa.gov/programs/swfa/pbt/list.html 
26 U.S. Environmental Protection Agency. Available at: 
www.epa.gov/oppt/existingchemicals/pubs/2013wpractivities.html 
27 U.S. Environmental Protection Agency. Available at: 
www.epa.gov/oppt/existingchemicals/pubs/actionplans/hbcd.html 
28 U.S. Environmental Protection Agency. Available at: www.epa.gov/dfe/pubs/projects/hbcd/about.htm 
29 ASTM International. ASTM F963-11: Standard Consumer Safety Specification for Toy Safety. 
www.astm.org/Standards/F963 .htm 
30 U.S. Environmental Protection Agency. Antimony Compounds. Available at: 
www.epa.gov/ttnatwO I /hlthef/antimony .html 
31 U.S. Environmental Protection Agency. Basic Information about Antimony in Drinking Water. Available at: 
http://water.epa.gov/drink/contaminantslbasicinformation/antimony.cfm 
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International Regulations on Halogenated Flame Retardants 

European Union 

The European Union' s Registration, Evaluation, Authorisation and Restriction of Chemicals 

(REACH) legislation evaluates chemical data provided by industry, assesses chemical risks, and 
makes decisions on appropriate use of specific chemicals of concern. REACH establishes a list 
of substances of very high concern (SVHCs) consisting of: 

• Persistent, bioaccumulative, and toxic chemicals (PBTs). 

• Carcinogenic, mutagenic, and reproductive toxicants (CMRs). 

• Very persistent or very bioaccumulative toxic chemicals (vPT or vBT). 

• Endocrine active chemicals. 

Inclusion on the list of SVHCs is the first step of the authorization procedure, which ensures 

necessary controls on the use of chemical substances until they are ultimately replaced with safer 
substances.32 Substances may also become subject to a restriction (limit or ban on the 
manufacture or marketing of a substance). 33 Currently the European Chemicals Agency (ECHA), 
the agency responsible for implementing REACH, has identified 155 SVHCs (as of June 16, 

2014).At least four of these SVHCs (trixylyl phosphate, deca-BDE, TCEP and HBCD are used 
as flame retardants. (Table 5) A restriction proposal for deca-BDE was issued in August 2014. 
HBCD34 and TCEP35 have been proposed for phase-out by 2015, after which only authorized 

uses would be permitted. There are no ongoing processes under REACH for TBBPA. 36 

The EU's RoHS (Restriction on Hazardous Substances) directive controls the use of certain 
chemical substances in electrical and electronic products. PBDEs were banned for use in these 
products in 2008.37 

TCEP, TDCPP, and TCPP are restricted in toys in the EU to 5 mg/kg under the EU 
Commission' s Toy Directive. 38 

32 European Chemicals Agency. Available at: http://echa.europa.eu/web/guest/regulations/reach/authorisation 
33 European Chemicals Agency. Available at: http://echa.europa.eu/regulations/reach/restriction 
34 Bromine Science & Environmental Forum. Available at: www.bsef.com/regulation/europe 
35 Chemical Watch (Subscription Required). (2012) EU Commission Agrees on Eight Substances for Authorisation. 
Available at: http://chemicalwatch.com/9964/eu-commission-agrees-eight-substances-for-authorisation 
36 Bromine Science & Environmental Forum. Available at: www.bsef.com/regulation/europe 
37 European Commission. Directive 2011/65/EU. Available at: http://ec.europa.eu/enterprise/policies/european­

standardslharmonised-standards/restriction-of-hazardous-substances/index en.htm 
38 European Commission. Directive 20 14/79/EU. Available at: http://eur-lex.europa.eullegal­

content/EN!fXT/HTML/?uri=OJ:JOL 2014 182 R 0012&from=EN 
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International Restrictions on Flame Retardant Use 

Regulatory Action 

European directives (REACH or toys) 

Stockholm or Rotterdam 

Conventions 

International 

Flame Retardants 

decaBDE,HBCD,PBDEs 

TCEP,TCPP,TDCPP 

pentaBDE and tetraBDE, HBCD, brominated Tris 

The Stockholm Convention on Persistent Organic Pollutants is an international treaty that targets 
persistent organic pollutants (POPs), a synonym for persistent, bioaccumulative toxic chemicals 
for phase-out from production and use. Penta-BDE and tetra-BDE were added to the Stockholm 
Convention in amendments adopted in 2011.39 HBCD is currently proposed for listing under the 
Convention.40 The United States has not ratified the Stockholm Convention. 
The Rotterdam Convention is a multilateral treaty to promote prior-informed consent and 

information exchange in the importation and exportation of chemicals.41 Brominated-Tris ( tris 
(2,3,dibromopropyl) phosphate) is included in the Rotterdam Convention.42 The United States 

has not ratified the Rotterdam Convention. 

Chapter 9: Conclusions 

• Flame retardants are used in a wide variety of products including foam, plastics, and textiles. 

Many are high production volume chemicals. There are many commercial flame retardant 
chemicals available and little public information is available for many of them on their use or 

expected impacts on human health and the environment. 

• Manufacturers appear to have largely moved away from PBDEs and products are compliant 

with the Washington and other states and countries PBDE bans. Manufacturers are using 
alternative flame retardants to PBDEs, some of which are chemicals that are of equal or 

greater toxicity concern, known as regrettable substitutions. 

39 Stockholm Convention. The New POPs under the Stockholm Convention. Available at: 
http:// chm .pops.int/TheConvention!ThePOPs/TheN ewPO Ps/tabid/2511 /Default.aspx#Li veContent[ 4-5 -BDE] 
40 Stockholm Convention. Chemicals Proposed for Listing Under the Convention. Available at: 
htlJl://chm.pops.int/TheConvention/ThePOPs/ChemicalsProposedforListing/tabid/2510/Default.aspx 
41 Rotterdam Convention. Available at: 
. www.pic.int/TheConvention/Overview/Howitworks/tabid/1046/language/en-US/Default.aspx 
42 Rotterdam Convention. Annex III Chemicals. A vail able at: 
www. pic.int/TheConvention/Chemicals/ Annex III Chemicals/tabid/1132/language/en-US/Default.aspx 
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• TBBPA is mainly used in plastics and is used in both the reactive and additive forms. It was 
not found in the children's products sampled in Washington. It was found in small 
electronics. Studies in Europe and Australia have identified TBBPA in electronics and a 

limited number of children's products. 

• Antimony was found in electronics, small appliances, and a flame-resistant tarp purchased in 
Washington at sufficient concentrations to suggest that some products contain antimony 

trioxide. It was found in limited plastic samples and was mainly associated with halogenated 
flame retardants. Antirt:~ony has been reported in a few products through CSPA reporting at 

the levels that would be used as a flame retardant synergist. 

• Some flame retardants are ubiquitous in the indoor and outdoor environment: 

• Brominated and organophosphate flame retardants such as TDCPP, TBPP, and TBPH are 
detected in indoor dust such as in homes and child-care centers. 

• Washington monitoring studies found PBDEs are widely present in both biological and 
physical media. Insufficient information is available on alternative flame retardants in the 
environment, primarily because few studies include analysis of a wide range of flame 
retardants. Based on limited sampling, organophosphates, Dechlorane Plus, HBCD, and 
chlorinated paraffins are consistently detected in environmental samples collected in 

Washington. 

• Dust is an important pathway for human exposure to flame retardants. Children are 

particularly susceptible to toxic chemical exposure through indoor dust. Additional exposure 
potential exists as PBTs remain in the environment for many years beyond their predicted 
end-of-life. 

• Additive flame retardants are more likely to be released into the environment, compared to 
reactive flame retardants. 

• Many halogenated flame retardants are found in humans. Children have also been found to 
contain higher levels of flame retardants compared to adults. Children are more sensitive to 
the adverse health effects because they are still developing. 

• Large amounts of flame retardants (i.e., more than 1% by weight) are needed in many 
products to be effective. Flame retardants present in products at less than 0.1% (or 1000 ppm) 

are likely due to contamination and not due to intentional use. 

• Flame retardants are present in consumer and children's products purchased in Washington. 

Not all flame retardants used were identified. Of the nine flame retardants or mixtures 
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identified in Washington products in percent levels, six have been identified as certified or 
provisional GreenScreen® Benchmark 1 chemicals (Chemicals to avoid) and two have been 
provisionally identified as Benchmark 2 chemicals. More information on carcinogenicity is 
needed to fully assess the hazard characteristics ofTCPP. Depending on the results ofthe 
carcinogenicity data, TCPP would either be a Benchmark 1 or 2. The reasons for the 
Benchmark scores are in Table 6. 

Table 8: Summary of chemicals detected in WA products (bolded if detected in percent levels) 

Chemical Benchmark 

Firemaster·ss0/600, 

(Mixtures of TBB, TBPH, 

IPTPP and TPP) 2 " 

lrPa 

TSSPA 

HSCD 1* 

Antimony Trioxide 1" 

TCEP 1" 

TCPP ub 

TDCPP 1" 

V6 

TPP 2 " 

Reason for 

Benchmark 
Product type 

Matrix 

Moderate PST; High Foam 

(P&S); High P, 

Moderate T; High S, Children's Product 

Moderate T; 

Moderate CMR 

CMR Toxicity of 

degradation 

product SPA 

PST; vBT; High CMR 

(Developmental) 

vPT 

High CMR 

(Carcinogenicity) 

Lacking 

Carcinogenicity data 

High CMR 

(Carcinogenicity); 

very High P, HighT 

Moderate CMR 

Moderate CMR 

Electronics 

Protective Clothing, 

Children's Products 

Electronics 

Children's Products 

Children's Product 

Children's Product, 

Furniture, Carpet 

Padding, Tents 

Plastic 

Plastic, 

Styrofoam 

Plastic 

Foam 

Foam 

Foam, Fabric 

Children's Product, Foam, Fabric 

Tent, carpet padding 

Children's Product, Foam, Plastic 

Electronics 

•Provisional GreenScreen® result. Use with caution. a certified GreenScreen® assessments 
h 'unspecified'for important hazard data missing so no Benchmark could be assigned. 
.. Ecology reassigned the Benchmark to a I rP based on TCEP being an impurity in V6. This data was not included 

in the EPA Alternative Assessment. TCEP is a CMR. 

Product type and matrix are bolded if analyte was found in the percent level. 
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GreenScreen * Benchmarks 

Benchmark 1: Avoid-Chemical of High Concern 

Benchmark 2: Use-but search for Safer Alternatives 

Benchmark 3: Use-but still Opportunity for Improvement 

Benchmark 4: Prefer-Safer Chemical 

• TBBPA has been identified as a GreenScreen® Benchmark 1 TP. The TP designation indicates 
the chemical is likely to break down into chemicals that would designate as Benchmark 1. 

• Although antimony trioxide is not a PBT chemical, it is very persistent and has negative 
effects on human development and aquatic organisms. Through the GreenScreen® process, it 
has been scored a Benchmark 1 chemical, which is a chemical to avoid. 

• All ofthe flame retardants found in percent levels in Washington products (Table 8) in foam 
have safer alternatives identified. 

• Flame retardant standards and regulations have provided the impetus for the development 
and use of alternative chemical flame retardants. Federal and state laws have targeted specific 
flame retardants in certain products but the safety of the alternatives is not adequately 

assessed. Recent regulatory changes in California reduced the requirement for flame 
retardants in furniture and other foam products. 

• Flame retardants can be released into the environment at their end of life through breakdown 
and/or burning of products. Products containing halogens that are incinerated can create other 

highly toxic PBT chemicals such as dioxins and furans. Flame retardants can also be found in 
products that use recycled content. 

Chapter 10: Summary of.Recommendations 

Flame Retardants in Children's Products and Furniture 

1. Establish a limit of 1,000 parts per million (ppm) for each of the following flame retardants 

that are commonly used in children's products and furniture. This limit restricts use of these 
chemicals, but is sufficiently high enough to support continued recycling of products that 
contain them. 
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a. TDCPP (CAS #13674-87-8) d. TCPP (CAS #13674-84-5) g. TBPH (CAS #26040-51-7) 

b. TPP (CAS #115-86-6) e. V6 (CAS #385051-10-4) h. TPTPP (CAS #68937-41 -7) 

c. TCEP (CAS # 115-96-8) f. TBB (CAS #183658-27-7) 

2. Establish a limit of 1,000 ppm for each of the following flame retardants that could be used in 
textiles in children's products and furniture. While these two chemicals are not commonly used 
in children's products and furniture, they could be introduced as regrettable substitutions. 
Restrictions on the use ofTBBPA in children's products and furniture should be limited to the 
additive fonn. 

a. TBBPA (CAS# 79-94-7) 

b. HBCD (CAS# 25637-99-4 and CAS #3194-55-6) 

Tetrabromobisphenol A (TBBPA) 

1. Require that manufacturers report to Ecology on their use of additive TBBPA in consumer 
products sold in Washington levels exceeding 1,000 ppm. This requirement would not apply 

to manufacturers of children's products who already report their use of TBBP A under the 
CSPA. 

2. Manufacturers should be encouraged to use identified safer alternatives to TBBPA. 

3. Ecology should work with stakeholders to gather more information about the use ofboth 

reactive and additive TBBPA in electronics as well as other products where TBBPA is used. 

Antimony as Antimony Trioxide, or ATO 

1. Require manufacturers to disclose their use of ATO in products (other than children' s 
products where such reporting is already required). 

Other General Recommendations for Flame Retardants 

1. Ecology recommends that the Legislature direct Ecology to conduct a comprehensive 
chemical action plan on flame retardants used in electronics and other products known to 
contain halogenated flame retardants other than children's products and furniture . As a 
needed first step, Ecology further recommends that the Legislature should require that 
manufacturers report to Ecology on their use of flame retardant chemicals in products sold in 

Washington (other than children' s products and furniture) at levels that exceed 1,000 ppm. 

2. Enact policies that provide incentives to use alternative assessments and safer alternatives in 

consumer products and manufacturing processes. 
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3. Ecology should work with the Washington Department ofHealth to identify key data gaps in 
understanding human exposure to flame retardant chemicals, including how biomonitoring 
could address these gaps and what studies should be performed. 

4. Align state purchasing policies to support manufacturers that are using the safest identified 
alternatives. 
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Appendix 1: Acronyms 

Acronyms used in this document 
AA 

ABS 

ASTM 

B 

BDE209 

CAP 

CBCA 

CDC 

CHCC 

CMR 

CPA 

CPA I 

CPSC 

CSPA 

DfE 

ECHA 

DSL 

EPA 

EU 

HIPS 

HPV 

IARC 

IC2 

IF AI 

MCL 

NFPA 

NHANES 

OECD 

OSHA 

p 

PBT 

POP 

Alternatives assessment 

Acrylonitrile butadiene styrene 

American Society for Testing and Materials 

Bioaccumulative 

Decabrominated diphenyl ether 

Chemical action plan 

California Bureau of Consumer Affairs 

Centers for Disease Control 

Chemical of High Concern to Children 

Carcinogenic, mutagenic, and reproductive 

Clean Production Action 

Canvas Products Association International (now IFAI) 

Consumer Product Safety Commission 

Children's Safe Product Act 

Design for the Environment 

European Chemical Agency 

Domestic substance list 

Environmental Protection Agency 

European Union 

High impact polystyrene 

High production volume 

International Agency for Research on Cancer 

Interstate Chemical Clearinghouse 

Industrial Fabrics Association International (formerly CPAI) 

Maximum contaminant level 

National Fire Protection Association 

National Health and Nutrition Examination Survey 

Organization of Economic and Cooperative Development 

Occupational Safety and Health Administration 

Persistent 

Persistent, bioaccumulative, and toxic 

Persistent organic pollutants 
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ppb 

ppm 

RCW 

REACH 

RoHS 

SVHC 

T 

TB 

TRI 

TSCA 

UL 

"U-OPFR" 

USEPA 

vBT 

vPT 

WAC 

XRF 

Parts per billion 

Parts per million 

Revised Code of Washington 

Registration, Evaluation, Authorisation and Restriction of Chemicals 

Restriction on Hazardous Substances 

Substances of Very High Concern 

Toxic 

Technical bulletin 

Toxic Release Inventory 

Toxic Substances Control Act 

Underwriters Laboratory Inc. 

Unidentified chlorinated organophosphate flame 
retardant 2,2-bis(chloromethyl)propane- 1,3-diyl 
tetrakis(1-chloropropan-2-yl)bis(phosphate) 

United States Environmental Protection Agency 

Very bioaccumulative toxic 

Very persistent toxic 

Washington Administrative Code 

x-ray fluorescence 

Chemical acronyms used in this report (name and CAS number) 

Acronym Chemical Name 

APP 

Ammonium polyphosphate 

ATO Antimony trioxide 

BDCPP bis(1,3-dichloro-2-propyl) phosphate 

BDE 153 2,2',4,4',5,5'-hexabromodiphenyl ether 

BDE 154 2,2',4,4',5,6'-hexabromodiphenyl ether 

BDE 99 2,2',4,4',5-pentabromodiphenyl ether 

BDP Bisphenol A bis (diphenylphosphate) 

BTBPE 1,2-Bis(2,4,6-tribromophenoxy)ethane or 

FireMaster· 680 

DBDPE Decabromodiphenylethane 

Deca-BDE Decabrominated diphenyl ether (BDE 209) 

DOPO 6H-Dibenz(C,E)(l,2)oxaphosphorin-6-oxide 
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CAS Number 

68333-79-9 

1309-64-4 

72236-72-7 

68631-49-2 

207122-15-4 

60348-60-9 

5945-33-5 

37853-59-1 

84852-53-9 

1163-19-5 

35948-25-5 

Flame Retardant 

Class 

Inorganic Flame 

Retardant 

Synergist 

Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 



Acronym Chemical Name 

DP Dechlorane Plus or 

bis(hexachlorocyclopentadieno)cyclooctane 

DPP diphenylphosphate 

EHDPP 2-ethylhexyl diphenyl phosphate 

Fyrol 

HBCD Hexabromocyclododecane 

HBCD Hexabromocyclododecane 

HCDBCO Hexachlorocyclopentadienyl-

dibromocyclooctane 

IPTPP lsopropylphenyl phosphate or 

lsopropylated triaryl phosphate or 

lsopropylated triphenyl phosphate 

octa BDE Octabrominated diphenyl ether 

PBB Polybrominated biphenyl 

PBDE Polybrominated diphenyl ether 

PBEB Pentabromoethylbenzene 

penta BDE Pentabrominated diphenyl ether 

RDP Resorcinol bis (diphenyl-phosphate) 

SCCP Short chain chlorinated paraffins (Cl0-13) 

TBB (2-ethylhexyl)-2,3,4,5-tetrabromobenzoate 

TBBPA Tetrabromobisphenol A 

TBECH Tetrobromoethylcyclohexane or 

1,2 -d ibromo-4-(1,2-

dibromoethyl)cyclohexane 

TBOEP Tris(2-butoxyethyl) phosphate 

TBP Tributyl phosphate 

TBPH Bis(2-ethylhexyl)-2,3,4,5-

tetrabromophthalate 

TBPP tris(4-(tert-butyl)phenyl phosphate 

TCEP Tris(2-chloroethyl) phosphate 

TCP Tri-para-cresyl phosphate 

TCPP Tris(1-chloro-2-propyl) phosphate 

TDCPP Tris(1,3-dichloro-2-propyl) phosphate 

Tetra BDE 2,2',4,4',-tetrabromodiphenyl ether 

TPP Triphenyl phosphate 
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CAS Number 

13560-89-9 

838-85-7 

1241-94-7 

3194-55-6 

25637-99-4 

51936-55-1 

68937-41-7 

32536-52-0 

N/A 

N/A 

85-22-3 

32534-81-9 

57583-54-7 

85535-84-8 

183658-27-7 

79-94-7 

3322-93-8 

78-51-3 

126-73-8 

26040-51-7 

78-33-1 

115-96-8 

78-32-0 

13674-84-5 

13674-87-8 

5436-43-1 

115-86-6 

Flame Retardant 

Class 

Halogenated 

Non-Halogenated 

Non-Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 

Halogenated 

Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 

Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 

Non-Halogenated 

Halogenated 

Non-Halogenated 

Halogenated 

Non-Halogenated 

Halogenated 

Halogenated 

Halogenated 

Non-Halogenated 



I 

Acronym 
I 

Chemical Name 

Tris-BP Tris(2,3-dibromopropyl)phosphate 

Or "brominated Tris" 

TIBP- TAZ 2,4,6-tris(2,4,6-tribromophenoxy)-1,3,5-

triazine 

V6 Antiblaze· V6 or 2,2-

bis(chloromethyl)propane-1,3-diyltetrakis 

(2-chloroethyl) bisphosphate 

Aluminum trihydroxide 

Chlorinated alkenes (C12-13) 

FM 550 Fire master® 550 (mixture of TPP, TBPH, 

IPTPPs and TBB) 

GreenScreen Assessment Acronyms 

(AA) Acute Aquatic Toxicity (IrS) 

(AT) Acute Mammalian Toxicity (M) 

(B) Bioaccumulation (N) 

(C) Carcinogenicity (P) 

(CA) Chronic Aquatic Toxicity (R) 

(Cr) Corrosion/ Irritation (Skin/ Eye) (Rx) 

(D) Developmental Toxicity (SnS) 
(E) Endocrine Activity (SnR) 

(F) Flammability (ST) 
(IrE) Eye lrritation/Corrosivity 
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CAS Number 

126-72-7 

25713-60-4 

385051-10-4 

21645-51-2 

71011-12-6 

N/A 

Flame Retardant 

Class 

Halogenated 

Halogenated 

Halogenated 

Inorganic Flame 

Retardant 

Halogenated 

Halogenated 

Mixture 

Skin Irritation/Corrosivity 

Mutagenicity and Genotoxicity 

Neurotoxicity 

Persistence 

Reproductive Toxicity 

Reactivity 

Sensitization- Skin 

Sensitization- Respiratory 
Systemic/Organ Toxicity 



Appendix 2: Other Tables 

Table 9: Washington 2012-2013 samples- Analytes detected In products (children's products are 
denoted in blue) 

Sample Product Description 

2012-2013 Study Samples 

CA002-F01 Fabric Tent 

CA002-F02 Fabric Tent 

CAOOl-FOl Fabric Tent Floor Liner 

TR103-F01 Foam Baby Carrier 

TG027-F01 Foam Booster Seat 

TG028-F02 Foam Changing Pad 

TG024-F02 Foam Changing Mat 

TROlS-FOl Foam Changing Pad 

OS003-F03 Foam Child's Chair 

TR098-F01 Foam Child's Chair 

OSOOl-FOl Foam Child's Chair 

WM094-F01 Foam Child's Chair 

AM009-F01 Foam Child's Chair 

TG031-F01 Foam Child's Chair 

AM008-F01 Foam Child's Chair 

PBOOO-FOl Foam Child's Chair 

OS002-F01 Foam Child's Chair 

OS004-F01 Foam Child's Chair Accessory 

TR017-F01 Foam Crib Wedge 

TR016-F01 Foam Portable Crib Pad 

HDOOl-FOl Foam Carpet padding 

HDOOO-FOl Foam Carpet padding 

LWOOO-FOl Foam Carpet padding 

POOOl-FOl Foam Seat Cushion 

CT003-F01 Foam Chair Pad 

LWOOl-FOl Foam Carpet padding 

GR003-F01 Plastic Protective Glove 

WS002-F01 Plastic Car charger 
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Analyte(s) Detected (greater 

than 0.2%) 

TDCPP,V6 

TDCPP 

TDCPP 

V6, TCEP 

TDCPP, TCPP 

TDCPP,TCPP 

TDCPP, TCPP 

TCPP 

TDCPP, TCPP, TCEP 

TDCPP,V6,TCPP,TCEP 

V6,TCPP,TCEP 

TCPP 

TPP 

TPP, Bromine XRF, confirmed as 

Firemaster• 5502014 

TPP, Bromine XRF, confirmed as 

Firemaster• 55Q2°14 

TPP, Bromine XRF, confirmed as 

Firemaster• 60Q2°14 

TDCPP, TCPP 

TDCPP 

TDCPP,TCPP 

TDCPP, TCPP 

TDCPP, TPP 

TDCPP 

TDCPP 

TDCPP,TCPP 

TDCPP, TCPP 

TDCPP 

HBCD 

TBBPA 



Sample Product Description 

WM068-F03 Plastic Heated mattress foot warming 

pad controller (bottom) 

OM003-F02 Plastic Shredder 

OMOOO-F02 Plastic Battery Charger 

OMOOS-F08 Plastic LCD Monitor 

WM066-F01 Plastic Battery Charger 

BBOOO-F04 Plastic Dehydrator 

TG054-F01 Plastic Power Strip 

BL009-F02 Plastic Electric Blanket controller 

WM068-F02 Plastic Heated mattress foot warming 

pad controller (top) 

CT009-F03 Plastic LED TV 

BLOOS-FOl Plastic Flat Iron 

TG056-F01 Plastic Space Heater 

FM043-F01 Plastic Clothing Iron 

OM005-F02 Plastic LCD Monitor power cord plug 

WMlOO-FOS Plastic Popcorn Maker 

GROlS-FOl Plastic Flame Resistant Drainage Tarp 

CT010-F04 Plastic HDMI Cable 

BL004-F01 Plastic Space Heater 

2014 Study Samples 

TR-9-2-1 Foam Changing Pad 

TR-9-3-2 Foam Changing Mat 

TG-9-3-4 Foam Changing Mat 

Unbolded = analyte detected greater than 0.2% but less than I% 
balded= analyte detected > 1% 
2014 Supplemental data from 2014 study 

Analyte(s) Detected (greater 

than 0.2%) 

TBBPA 

TBBPA 

TBBPA I Antimony2014 

TPP 1 Bromine XRF 

TPP 

Antimony2014, Bromine XRF 

Antimony2014, Bromine XRF 

Antimony2014
1 Bromine XRF 

Antimony2014
1 Bromine XRF 

Antlmony2014, Bromine XRF 

Anthnony2014
1 Bromine XRF' 

Antimony2014, Bromine XRF 

Antimony2014, Bromine XRF' 

Antimony2014 

Antimony2014 

Antimony2014
1 Bromine XRF 

Antimony2014 

Antimony2014
, Bromine XRF 

TCPP 

TCPP 

TCPP 

' trace TBBPA detected, likely from contamination from recycling plastics or residual of an unreacted monomer of 
reactive flame retardant 
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Table 10: Selected Flame Retardants on "Lists" 

Washington California - Chemical 

Aluminum 
• 21645-51-2 trihydroxide 

68333-79-9 APP • 
1309-64-4 ATO •* • • • 

68631-49-2 BDE 153 • • 
60348-60-9 BDE 99 • • 

126-72-7 brominated Tris • • 
37853-59-1 BTBPE • 
84852-53-9 DBDPE • 

1163-19-5 Deca-BDE • • • • • • • 
13560-89-9 DP • 

3194-55-6 HBCD • • • • 
25637-99-4 HBCD • • • • • • 
51936-55-1 HCDBCO • 
32536-52-0 octa BDE • • • 

85-22-3 PBEB • 
32534-81-9 penta BDE • • • • 
85535-84-8 SCCP • • • • 

183658-27-7 TBB • 
79-94-7 TBBPA • • • • • • 

3322-93-8 TBECH • 
126-73-8 TBP • • 
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Washington California .. -26040-51-7 TBPH • • 

115-96-8 TCEP • • • • • • • 
13674-84-5 TCPP • 
13674-87-8 TDCPP • • • • 

5436-43-1 Tetra BDE • • 
115-86-6 TPP • 

Note: The information from each list was limited to chemical.! with C'AS Numbers only, so a list that includes "Flame retardants" as a priority chemical with no C'AS is 
not shown on this summary. 

Legend 
• CHC- chemicals of high concern • PBT -persistent, bioaccumulative, and toxic 

• CSPA-children's safeproductact • Prop65 - proposition 65 

• DSL - domestic substance list • SCP - safer consumer products 

• SVHC- substance of high concern 

References for the lists In the table above are: 

Washington State 

• PBT - Department of Ecology, Persistent. Bioaccumulative. and Toxic (PBT) chemicals (Chapter 173-333 Washington Administrative Code: 

Persistent, Bioaccumulative, Toxins. Section 310- What chemicals or chemical groups are included on the PBT list?) 
http:// a pps.leg. wa.gov /wac/ de fa u It. as px?cite=173-333-310 

• CSPA - Department of Ecology, Chemicals of High Concern to Children ICHCC) (Chapter 173-334 Washington Administrative Code: Children's Safe· 

Products - Reporting Rule. Section 130- The reporting list of chemicals of high concern to children (CHCC list)) 

http://app.leg.wa.gov/WAC/default.aspx?cite=173-334-130 

Minnesota 

• Priority - Department of Health, Priority Chemicals List: Toxic Free Kids Act, November 2012 Priority Chemicals list (Minnesota Statutes, Chapter 
116 Pollution Control Agency, § 9401 to § 9407 Chemicals of High Concern) 
www.health.state.mn.us/divs/eh/hazardous/topics/toxfreekids/priority.html#chemicals 
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California 

• Prop65- Office of Environmental Health and Hazard Assessment List of Proposition 65 chemicals, June 6, 2014 (California Health and Safety Code, 

Division 20. Miscellaneous Health and Safety Provisions, Chapter 6.5. Hazardous Waste Control, Article 14) 
www.oehha.ca.gov/prop65/prop65 list/Newlist.html 

• SCP- Department of Toxic Substances Control, Safer Consumer Products Candidate Chemicals List (California Code of Regulations Title 22, Division 

4.5, Chapter 55 Safer Consumer Products) www.dtsc.ca.gov/SCP/ChemList.cfm 

Maine 

• CHC- Department of Environmental Protection, Chemicals of High Concern (Chapter 38 Maine Revised Statutes Chapter 16-D: Toxic Chemicals in 

Children's Products) www.maine.gov/dep/safechem/highconcern/index.html 

Oregon 

• Focus List- Oregon Department of Environmental Quality, Toxics Focus List 2010-2011 

www.deg.state.or.us/toxics/docs/DEQFocuslistCondensed.pdf 

European Union 

• SVHC- European Union Registration, Evaluation, Authorisation, and Restriction of Chemicals (REACH) (Regulation (EC) No 1907/2006 of the 

European Parliament and of the Council) Candidate List of Substances of Verv High Concern for Authorisation 

http://echa.europa .eu/web/guest/candidate-list-table 

Canada 

• DSL- Government of Canada Domestic Substance List, chemicals tha t meets the human health criteria or the environmental criteria (Canadian 

Environmental Protection Act, 1999) www.ec.gc.ca/lcoe-cepa/default.asp?lang=En&n=SF213FA8-1&wsdoc=D031CB30-B31B-D54C-OE46-

37E32D526A1F 
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Table 11: Hazard assessment for deca-BDE and several alternatives (EPA, 2014c) 

VI. = Vel")' Low luu.ard L = Low huard = Moderate huard H = High hazard VH = Ve..,. High huard - Eodpolnts In colored text (VL, L, , H, and VH) wereaulgned 
based on empirical data. Endpoints In black ltalia~ (VL, I ., M, H, and VH) were assigned usiDfl values rrom predictive models and/or professional jodament. 
1 Based on analogy 10 experimental data for a stnl<lturally oimilar eompound. 
a This alternative may contain impurities. These impurities have hu.ard designations lhat differ from the name retardant alternative, Brominated poly(phenylelher), as follows, based on 
experimental data: HIGH for human henllh, HIGH for aquatic toxicity, and VERY HIGH for bioaccumulation. 
T This chemical is sub'ectto testing in an EPA consent order for lhis e dpoint 

Human Health Elrects Aquatic Environmental 
Toxicity .. Fate 

~ i 
.I 

~ 
j 

~ ·o 
b ~ ! ] J f :s ·a 

R 'Ill i u I '; 

J l Chemical ~ 1 f I J ] .. ·I J (for ful l chemical name and relevant trade names see ~ l i .. ! fl 
the individual profiles in Section 4.8) CASRN ~ ~ ;;! ~ "' ~ ! ~ a 

DecaBOB.c! ,_ .......... 
DecaBDE and DIKrete Haloaenated FR AltemaUves 

Decabromod1phenyl Ethane 84852-53-9 L 1w 1 L I , f. H ' L I J, L I I VL I VL I L L I VH 

Decabromodiehen~l Elher 1163-19-5 L I I L I L I H I L L I L I L I L I L VH 

Anuuonituu Polyphosphate 1 68333-79-9 I L I L I L I L I L I L I Ld I L I l n i L ILILI VH I 
po~pliooa~ I . 68664-06-2 I. L I L I L I. L I L I L I. L' I. L I. I L I. L I L I. L I. VII I. 

jl'la..,_Sl~ Hydroxide I 1309-42-8 I L I L I L I L I L I L I L I L I I I L I L I L I ~I 

GreenScreen® Chemical Hazard assessments for Ammonium Polyphosphate, Polyphosphonate and Magnesium Hydroxide are located at 

http ://theic2.org/haza rd-assessment. 

GreenScreen® Chemical Hazard assessments for listed flame retardants listed in Table 12 are located at http://theic2.org/hazard­

assessment. 
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Table 12: Hazard assessment for chlorinated phosphate flame retardants and several alternatives (EPA, 2014e) GreenScreen• Chemical Hazard 

assessments for listed flame retardants are located at htto·//thelc2 orl!/hazard assessment -
VL "' Very Low huard L = Low hazard = Moderate hazard H = High hazard VH .. Very High hazard - Endpoints in coloftd text (VL, L, , H, and VH) were 
assigned based on empirical data. Endpoints In black ilallcs (VI., L, M, H, and VH) were assigned using value~ from predictive models and/or profeulonal Judament. 
• This mix1llre is made up of four components oontained in the ha?.ard summary table. Hazard designations in bold and color are based on test data for the mix1llre, as summarized in the 
hazard profiles for the components. Hazard designations in italics are based on the most conservative results fi'om one of the four components. 
· This component of Firemastet® 550 may be used alone or in other mixtures as an alternative. 
'Aquatic toxicity: EP AIDI'E criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardanlS that may 
partition to sediment and particulates. 

Human Health Effects 
Aquatic Environmental 
To:ddty Fate 

!' !' 

i J j 

1 
'0 

:g 

f 
1 t ! to" j 

Chemical l t .. .a f 
"C !! ! ) 
.!:1 

(for full chemical name and relevant 
8 l Jil 

.& ~ li ] j 
~ j trade names see the individual 

~ ~ ! ldl .. e 
profiles in Section 4.8) CASRN cl .;. ~dl ~ 0 
,_ ........ , Alllnatlna 

Flremute~ 550 Components 
Firemaster® 550• Mixture L M M H H H H L L VH VH H H 
Bew.oic acid, 2,3,4,5-tetrabromo-, 2-ethylhexyl 
ester (TBB)' 183658-27-7 L M L M M M M M L L L L H H 

Di(2-ethylhexyl) tetrabromophthalate (TBPH) 26040-51-7 L M M M M L L L I, L H H 
lsopropylated triphenyl phosphate (IPTPP) ' 68937-41-7 (, M (, H H H H L L L VH VH H 
Triphenyl phosphate (TPP) ll5-86-6 L M L L L L H L L VL VH VH L 

Chlorinated PbosohoMIII Ahernadve~ 
Tris (2-chloroethyl) phosphate (TCEP) 115-96-8 I H H I I M I H I I L L I L I H I H I I I. 

Tris (2-chloro-1-methylethyl) phosphate (TCPP) 13674-84-5; 
I. M L H H M L I. L H H L 6145-73-9 

Tris 1,3-dichloro-2-propyl) ohOSJ)hate (TDCPPl I 13674-87-8 I L H I I H I I L I H L L I I. I H I H I H I L 

Phosphoric acid, P,P'-[2.2· 
bis( chloromethyl)·l,3-propanediyl) 

38051-10-4 L M L H L L L L H H L P ,P ,P',P'-tctrakis(2-chloroctbyl) ester 
.(V6) 

~n..RetlrdutAIInldftl 
lnoraank/Other Alternatives 

Ammonium polyphosphate (APP) 68333-79-9 L I L I f. I f. I f. I L I L" I L I I VL I L I L I L I VH I f. 
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Table 13: Hazard assessment for hexabromocyclododecane and an alternative (EPA, 2014d) 
.------------------------------------------------------------------------------------. 
VL •Very Low hazard L •Lowbazard • Moderate hazard H • High huard VH • Very High huard - Endpolnllln colored tell(VL, L, , H, and VH)were 
aulaned based on emplrleal data. Endpoints In black llalles (VL, L, M, H, and VII) were uslaned using values from predictive models and/or professional judament. 
This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion by­
products are discussed in lhe report but not addressed directly in lhe hazard pror.les. The caveats listed below must he taken into account when interpreting the information in the table. 

d This h117.ard designation would be assigned MODERATE for a potential for lung overloading if>S% oflhe particles are in the respirable range as a result of dust forming operations. 
§ Based on analogy to experimental data for a slructurally similar compound. 
¥ Aquatic toxicity: EP AlDIE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame relardants !hal 

~ma~y~part~i~li~on~to~sed~i~m~en~l~a~nd~p~~·c~w~a~tes~· ----r---------,---------------------------------------------------~-------r----------~ 
Environ mental 

Human Health Effects Aquatic 
Toxicity Fate 

a 

j a c .i 

Chemleal ~ ll 1 ! * j .-l 
a I t> a il ! ,g .. ~ :g ts .. j 

"C i .. 
i ~ a • .!:1 I ~ .. " ~. * .II § ... ~ 1!! .!: i a a e 0 e II a 8 ] I! 

For full chemical name and relevant trade 11 ! D.-;t 
i! ~ ~ i' II l 

a 
i ~ ~ 

.. .. • 
names see the hazard pror.les in Section 4.8 CASRN ~ ~l .. l il < Qll z u 

Hexabromocyclododecane (HBCD) 

;- . -· 25637-99-4; 
L M t. H M L VL VL VH VH H VH 

.>~ ....... .. 3194-55-6 

Butadiene styrene brominated copolymer' 

tt. ,J,l:f"{/ 1195978-93-8 L L t. L L L t.• L '\1 L L L YH L 

.. II. •• .) 
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Table 14: Hazard assessment for tetrabromoblsphenol A and two alternat ives (EPA, 2014f). GreenScreen® GreenScreen• Chemical Hazard 

assessments for listed flame retardants are located at http://theicZ.org/hazard-assessment. 

YL = \'orr Low bnzard L = Lol< bozos•d = 1\lodts•alf bazas•d H = Hl&b hRZard YH = \'ts~· Hl&h bnzns•d- Endpoints In rolorod tn t (\'L, L, , H . and \'H) Wfl'f 
a n l&n•d basod on omplrlcnl data. Endpoln" In black ltnUrs (VL, L , M, H, and VH) won anlsnod udn& nlnos from ps·odlctin modols audios· ps·oCon looal jud1mont. 
Thi-. table conta in\ hazard infonnation for each chemical: evaluation of rid:: c:ou~dcn. both hazard and exposure. V~u·iatiotl\ in end.af .. lifc proccs\C'\ or deifadatiou and combu~tiou by­
products are di.cu«ed ill the repon but not addre,.ed directly iu the hazard profiles. The caveats li>ted below must be taken into account when iuterpretUli the iufonuotion in the table. 

+ TBBPA has been shom1 to deiffide 1mder anaerobic oonditions to fonn bispbenol A (BPA: CASR.'< 80..05· 7). BPA has hazard designations different than TBBPA. as follows: 
MODERATE (experimental) for reproduotive. skin sen.sitization and dermal irritation. f Based on analoiY to experimental data for a stmcturally similar <ompolutd. 'The hiihe>t hazard 
designation of any of the oliiomers \\ith MW <1.000. i Aquatic toxidty: EPA DIE criwia are based inlarie pa11 upon water oohUiut exposures whiob may not be adequate for poorly 
soluble substanoc; such as many flame retardants that Ulay partition to "'diment and particulntes. 

Aquatic 
En,is'OD· 

Human H•nltb Eff•cts tnrntal Es posn••• Cousldfl•ntlous 
Toxicity 

Fntt 

= = = Cbtmlral :- .. .: .2 .2 
(for full chemicnlname . i' :~ f~ 

.. li 
~ ~ . = = " ;; 

·= = ·~ = " f"•: .i '2 i:i :; 
and relevnnt trnde g, .~ 

.. .. 
~;; " ..: AnllabUI~· of nom• l'fiOI'dnnts 

~ ... = e ·~· 
., = ] " 

.. e 
uames see the = ~ ~ "' rJl . [~ "'! .. = tbroucbout th• ur. •rrl• fos• l'tnctln nod = g ;; e ,. .. 

indhidual profiles iu ~ ·~ 0 ~ !!. E ~ 'f .. 
addfth•t nnmf-l't!OI'dftOt <htmicols and = :::. = .. ;:; " ;; .. .. .. ;; .. :.:.c ~ " ... e 

Section 4 .9) CASR.'< ~ ~J! ... ~ ~ = ··••In• < u " a: ;z a: "' lol < u 
Reo~tt.-. FlaJM-lletordaot Clltmkols 

Terrabromobi•phenol A 79-94-7 L L L t L L L t L+ \'R H H 

Mam.lactll't 
EtwJ-af.L1eol of FR 

"""' r -. MMtUI'ICturl 
DOPO 35948-lS· S L J,f L r ' .\1 M L \'L L M H L (Rec~t:J#posa/1 of FRR .. tn 

SWM!df.Jse + "'- --.o~ 

"'--- M~oiPCB Lamnofl! 

r ' r' ,'1' .'1' ""' .~tf Ii Ii 

___ _..... 
F)'l"OI PMP 63747-58..() L L L L If VH E~ 
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U.S. Consumer Product Safety Commission 
Questions for the Record 

Public Hearing on the Petition Regarding 
Additive Organohalogen Flame Retardants 

Chris Hudgins, International Sleep Products Association 

Commissioner Joseph Mohorovic 

1. In your written testimony, you stated that "ISPA is unaware of any U.S. mattress 
manufacturers that use organohalogen flame retardants to meet the requirements 
of 16 C.F.R. Parts 1632 and 1633 (mattress flanm1ability standards that address 
smoldering cigarette and open-flame ignition risks, respectively), which the 
Commission has promulgated under the Flammable Fabrics Act.") Another 
witness at the hearing cited a report (attached is a copy of the Safe Sofas and 
More report, "Flame Retardants in Furniture, Foam, Floors- Leaders, Laggards, 
and the Drive for Change," released on December 1, 2015) that shows flame 
retardant chemical use in mattresses. Please review the attached report and 
respond to the apparent discrepancies between your statement and the report. 

2. Do you have data on what non-polymeric additive organohalogen flame retardants 
are in what products? And if so, please provide. 

3. Do you have data on how non-polymeric additive organohalogen flame retardants 
are applied? And if so, please provide. 

4. Do you have data on the toxicity of all of the non-polymeric additive 
organohalogen flame retardants included in the petition? And if so, please 
provide. 

5. Do you have data on the exposure to different populations of non-polymeric 
additive organohalogen flame retardants? And if so, please provide. 

6. Do you have any studies on the benefits of non-polymeric additive organohalogen 
flame retardants? And if so, please provide. 

7. Ofthe approximate 16,000 products that CPSC regulates, provide an estimate of 
percentage of those products that would be impacted by a ban on non-polymeric 
additive organohalogen flame retardants? 
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U.S. Consumer Product Safety Commission 
Questions for the Record 

Public Hearing on the Petition Regarding 
Additive Organohalogen Flame Retardants 

Chris Hudgins, International Sleep Products Association 

Commissioner Joseph Mohorovic 

1. In your written testimony, you stated that "!SPA is unaware of any U .S. mattress 
manufacturers that use organohalogen flame retardants to meet the requirements 
of 16 C.F.R. Parts 1632 and 1633 (mattress flammability standards that address 
smoldering cigarette and open-flame ignition risks, respectively), which the 
Commiss ion bas promulgated under the Flammable Fabrics Act.") Another 
witness at the hearing cited a report (attached is a copy of the Safe Sofas and 
More report, "Flame Retardants in Furniture, Foam, F loors- Leaders, Laggards, 
and the Drive for Change," released on December 1, 20 15) that shows flame 
retardant chemical use in mattresses. Please review the attached report and 
respond to the apparent discrepancies between your statement and the report. 

ANSWER: 
!SPA's written testimony focused on whether organohalogen fl ame retardants are used in 
new mattresses manufactured in the United States. To meet the federal mattress 
flammability standards cited in the question, the U.S. mattress industry uses fabric fire 
barriers which contain no organohalogen flame retardants, and does not use flame 
retardant foam. For this reason, ISPA stated that it is unaware of any U.S. mattress 
manufacturers that use organohalogen flame retardant chemicals to meet these standards. 

The cited report, prepared for the Safe Sofa and More campaign (SSM report), appears to 
be focused primarily on the use of flame retardant foams in consumer products, and 
makes a number of assertions regarding mattresses. However, the precise meaning of the 
report 's assertions is ambiguous. The report contains no glossary of terms, but we 
interpret its use ofthe words "flame retardants" to be equivalent to the term 
"organohalogen flame retardants." In asking ISPA to "respond to the apparent 
discrepancies between your statement and the report," the Commission evidently 
interprets the SSM report ' s use of the term "flame retardants" to mean "organohalogen 
flame retardants." 

With specific regard to mattresses, a chart on page 13 of the SSM report states that six 
mattress manufacturers use foam that contains "chemical FRs." ln describing "How 
information is made public," the chart cites as support for the report' s assertions 
information obta ined " by phone." 

Page 14 of the SSM report describes the "methodology" employed in preparing the 
report, which interestingly includes no chemical or laboratory tests of the products in 
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question to determine whether they actually contain organohalogen flame retardants. 
Certainly, the SSM report makes no reference to having conducted any such scientific 
testing of the mattresses in question. 

To clarify matters, ISPA contacted each ofthe companies identified in the report as 
having allegedly used foam containing chemical FRs in their mattresses. Each 
manufacturer has confirmed to ISP A that: 

• it does not use flame retardant foam 
• instead, it uses fabric fire barriers to make mattresses that meet the requirements 

of the mattress flammability standards cited in your question 
• these fabric barriers encase the padding materials inside a mattress and inhibit 

those materials from igniting 
• none of the fabric fire barriers that they use contain any organohalogen flame 

retardants 

Therefore, the allegations on page 13 of the SSM report are simply incorrect and 
misleading. 

2. Do you have data on what non-polymeric additive organohalogen flame retardants 
are in what products? And if so, please provide. 

ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, we have 
no data in this regard. 

3. Do you have data on how non-polymeric additive organohalogen flame retardants 
are applied? And if so, please provide. 

ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, we have 
no data in this regard. 

4. Do you have data on the toxicity of all of the non-polymeric additive 
organohalogen flame retardants included in the petition? And if so, please 
provide. 

ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, we have 
no data in this regard. 

5. Do you have data on the exposure to different populations of non-polymeric 
additive organohalogen flame retardants? And if so, please provide. 
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ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, we have 
no data in this regard. 

6. Do you have any studies on the benefits of non-polymeric additive organohalogen 
flame retardants? And if so, please provide. 

ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, we have 
no data in this regard. 

7. Ofthe approximate 16,000 products that CPSC regulates, provide an estimate of 
percentage of those products that would be impacted by a ban on non-polymeric 
additive organohalogen flame retardants? 

ANSWER: 
To the best of our knowledge, no U.S. mattress manufacturers use non-polymeric 
additive organohalogen flame retardants in the mattresses they make. Therefore, a ban 
on these chemicals would have no impact on the materials the industry currently uses to 
make new mattresses. 

However, as stated in our submitted comments on the petition, we urge the Commission 
to assess each chemical individually and evaluate the risk it poses before moving forward 
with regulating these chemicals. 

Nevertheless, if the Commission were to ban the use of this family of chemicals in certain 
products, the manner in which the ban is enforced could adversely affect all of our 
industry's products by imposing additional regulatory costs and related burdens on the 
industry. 

For example, if the Commission were to require mattress manufacturers: 

• to test their products for the presence of non-polymeric additive organohalogen 
flame retardants, 

• to certify that their products contain no non-polymeric additive organohalogen 
flame retardants, or 

• to maintain records regarding the use of non-polymeric additive organohalogen 
flame retardants in their products, 

such regulatory requirements would require the industry to incur testing, labeling, or 
record keeping costs to demonstrate that these chemicals are not being used in the 
mattresses they manufacture. If that were to occur, a ll of this industry's products would 
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be adversely affected by any requirement that manufacturers demonstrate they are not 
using such chemicals. 

Therefore, in the event that the Commission decides to ban the use of some or all of these 
chemicals in mattresses, ISPA requests that such a ban impose no additional testing, 
labeling, record keeping, or similar costs on mattress manufacturers, especially given that 
the industry does not in fact use these chemicals to meet the requirements of the 
applicable flammability standards. 
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