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Synopsis 

A Draft Screening Assessment for the Flame Retardants Group was published on 
November 6, 2021. This current document contains additional information to support the 
assessment of phosphoric acid, triphenyl ester (CAS RN1 115-86-6) and ethanol, 2-
butoxy-, phosphate (3:1) (CAS RN 78-51-3), hereinafter referred to as TPHP and 
TBOEP, respectively, which are 2 of the 10 substances in the Flame Retardants Group. 
Data identified or generated since the publication of the draft assessment are included 
herein.  

The scope of this risk characterization document is limited to assessing potential human 
health concerns with respect to TPHP and TBOEP. For TPHP, significant new critical 
health effects were identified and exposures were re-examined. For TBOEP, updated 
exposure parameters used to estimate dermal intakes to substances found in foam-
containing mattresses or upholstered furniture and infant or child restraint systems were 
incorporated. This document contains an updated characterization and an updated draft 
conclusion of the human health risks associated with exposure to TPHP and TBOEP. 
The public has the opportunity to comment on data and analysis included herein prior to 
it being considered in the finalization of the assessment of TPHP and TBOEP, and, if 
appropriate, the corresponding risk management approach document.  

In Canada, TPHP and TBOEP are primarily used as either additive flame retardants or 
plasticizers in various applications including paints and coatings (TPHP and TBOEP), 
foam (TPHP and TBOEP), plastics and rubber products (TPHP), lubricants and greases 
(TPHP), adhesives and sealants (TPHP), and floor coverings (TBOEP). These 
substances are also used in food packaging applications. TPHP is also used as a 
formulant in pest control products and in nail care products in Canada.  

Significant new information on the critical effects for TPHP were identified through the 
scientific literature since the publication of the draft assessment resulting in a change in 
the critical endpoint used to characterize risk. The critical effects associated with 
exposure to TPHP are developmental effects. People living in Canada may be exposed 
to TPHP from dust, soil, indoor air, drinking water, food, human milk, and the use of 
products available to consumers, including nail care products, lubricants and greases, 
foam-containing mattresses or furniture, and infant and child restraint systems 
(including booster seats). Children may also be exposed from mouthing foam toys or 
other products available to consumers containing TPHP. For TPHP, the margins of 
exposure associated with environmental media, food, and mouthing of foam objects are 
considered adequate to account for uncertainties in the exposure and health effects 

 

1 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
Government of Canada when the information and the reports are required by law or administrative policy, is not 
permitted without the prior written permission of the American Chemical Society. 
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data used to characterize risk. However, the margins for dermal exposure to nail care 
products, lubricants and greases, as well as for prolonged skin contact from lying on 
foam-containing mattresses or upholstered furniture or from sitting in infant or child 
restraint systems (0 to 13 years), are considered potentially inadequate to account for 
uncertainties in the exposure and health effects data used to characterize risk.  

For TBOEP, no significant changes were identified for the health effects (liver effects in 
males), the exposures to environmental media and food, or the exposures to products 
available to consumers (for example, rust paint). Updates to exposure parameters used 
to estimate dermal exposures while lying on foam-containing mattresses or upholstered 
furniture and sitting in an infant or child restraint system (including boosters) were 
incorporated. As a result, the calculated margins associated with prolonged skin contact 
to TBOEP from lying on foam-containing mattresses or upholstered furniture (all age 
groups) and sitting in infant or child restraint systems (0 to 13 years) are considered 
potentially inadequate to account for uncertainties in the exposure and health effects 
data used to characterize risk. 

The human health assessment took into consideration those groups of individuals living 
in Canada who, due to greater susceptibility or greater exposure, may be more 
vulnerable to experiencing adverse health effects. The potential for increased 
susceptibility during reproduction and development were assessed and age-specific 
exposure estimates were derived. Generally, infants and children were found to have 
higher exposure than adults. All of these populations were taken into consideration 
while assessing the potential harm to human health. 

Considering all the information presented in this document, it is proposed to conclude 
that TPHP and TBOEP meet the criteria under paragraph 64(c) of CEPA as they are 
entering or may enter the environment in a quantity or concentration or under conditions 
that constitute or may constitute a danger in Canada to human life or health.  
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 Introduction 

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA) 

(Canada 1999), the Minister of the Environment and the Minister of Health conduct 
assessments of substances to determine whether they present or may present a risk to 
the environment or to human health. 

The Draft Screening Assessment of the Flame Retardants Group was published in 
November 2021, hereinafter referred to as the draft assessment (ECCC, HC 2021). It 
proposed that TPHP was harmful to the environment but not for human health. It 
proposed that TBOEP was not harmful to human health and not harmful for the 
environment. Since the publication of that assessment, significant new critical human 
health effects were identified for TPHP resulting in the re-examination of exposures. For 
TBOEP, updated exposure parameters used to estimate dermal intakes to substances 
found in the foam-containing mattresses or upholstered furniture, and infant or child 
restraint systems (including booster seats) were incorporated. This current document 
contains an updated characterization and an updated draft conclusion of the human 
health risk associated with exposure to TPHP and TBOEP to inform the Flame 
Retardants Group assessment. 

The scope of this document is limited to assessing potential human health concerns for 
TPHP and TBOEP. The data and analysis herein provide the opportunity for public 
comment on the updated risk characterization  prior to it being considered in the 
finalization of the assessment of TPHP and TBOEP, and if appropriate, the 
corresponding risk management approach document. No significant changes to the 
ecological assessment of TPHP and TBOEP were identified from the publication of the 
updated draft assessment (ECCC, HC 2021) that warrant further public consultation. 

This document includes data identified or generated since November 2021, when the 
draft assessment was published. Targeted literature searches were conducted up to 
September 2023 for the human health component of the assessment. More recent 
studies or information provided via internal and external peer consultation for human 
health components may also be cited. Empirical data from key studies, as well as some 
results from models were used to reach the proposed conclusions. When available and 
relevant, information presented in assessments from other jurisdictions was considered.  

TPHP and TBOEP have been identified in vaping products, also known as electronic 
cigarettes (Wei et al. 2020). The assessment of risk to the general population from this 
use, including risk relative to that associated with conventional cigarettes, and possible 
options to mitigate risk associated with these products are being addressed through a 
separate legislative framework (HC [modified 2024a,b]). 

This additional document was prepared by staff in the Existing Substances Program at 
Health Canada and incorporates input from other programs within this department. This 
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document has undergone external written peer review or consultation. Comments on 
the technical portions relevant to human health were received from Tetra Tech Inc. 
Additionally, the draft assessment (published November 6, 2021) was subject to a 60-
day public comment period. On the basis of these comments as well as new information 
identified through the scientific literature and updated exposure parameters, an 
amendment of the draft human health risk characterization is presented here. While 
external comments were taken into consideration, the final content of the document 
remain the responsibility of Health Canada. 

Assessments focus on information critical to determining whether substances meet the 
criteria as set out in section 64 of CEPA by considering scientific information, including 
information, if available, on subpopulations who may have greater susceptibility or 
greater exposure, vulnerable environments and cumulative effects2, and by 
incorporating a weight of evidence approach and precaution3. This assessment 
presents the critical information and considerations on which the conclusions are based.  

 Assessment of TPHP 

 Identity of substance 

The Chemical Abstracts Service Registry Numbers (CAS RN4), Domestic Substances 
List (DSL) name, common name and abbreviations for TPHP are presented in Table 
2-1. Information on the identity of the substances and their components is presented 
below.  

 

2 The consideration of cumulative effects under CEPA may involve an analysis, characterization and possible 
quantification of the combined risks to health or the environment from exposure to multiple chemicals. 

3 The determination of whether one or more of the criteria of section 64 of CEPA are met is based upon an 

assessment of potential risks to the environment and/or to human health associated with exposures in the general 
environment. For humans, this includes, but is not limited to, exposures from ambient and indoor air, drinking water, 
foodstuffs, and products available to consumers. A conclusion under CEPA is not relevant to, nor does it preclude an 
assessment against the hazard criteria specified in the Hazardous Products Regulations, which are part of the 
regulatory framework for the Workplace Hazardous Materials Information System for products intended for workplace 
use. Similarly, a conclusion that is based on the criteria contained in section 64 of CEPA does not preclude actions 
being taken under other sections of CEPA or other acts.  

 
4 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
Government of Canada when the information and the reports are required by law or administrative policy, is not 
permitted without the prior written permission of the American Chemical Society. 
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Table 2-1. Substance identity for TPHP 

CAS RN 

(abbreviation) 

DSL name 

(common name) 

Representative chemical 

structure and molecular 

formula 

Molecular 

weight 

(g/mol) 

115-86-6 

(TPHP) 

phosphoric acid, 

triphenyl ester 

(triphenyl 

phosphate) 

  
C18H15O4P 

326.29 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; DSL, Domestic Substances List 
 

 Physical and chemical properties 

A summary of experimental and modelled physical and chemical properties of TPHP is 
provided in the draft assessment (ECCC, HC 2021). 

 Sources and uses 

Details on the many sources and uses of TPHP are provided in the draft assessment of 
the Flame Retardants Group (ECCC, HC 2021). A summary of key data is provided 
below.  

TPHP does not occur naturally in the environment.  

TPHP, as an organophosphate flame retardant, is most commonly used as a flame 
retardant in electronics, lubricants, plastics, rubbers, resins, textiles, elastomers, 
adhesives and sealants. However, it is also commonly used as a plasticizer in many of 
the same applications (US EPA 2020a, 2020b). As a plasticizer, TPHP is applied to 
improve the flexibility and durability of certain materials, such as polyvinylchloride 
(PVC), flexible and rigid polyurethane foams (PUF) and thermoplastic materials 
(Marklund 2005). TPHP has also been identified in infant clothing and textiles/fabrics in 
the U.S. (Zhu et al. 2020). 

TPHP was included in surveys issued pursuant to section 71 of CEPA (Canada 2012, 
2016). According to information submitted to these surveys, TPHP was not 
manufactured in Canada in 2011 and 2015; however, a total of 100,000 kg to 
10,000,000 kg of TPHP was imported into Canada in each of 2011 and 2015 
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(Environment Canada 2013; ECCC 2016)5. The extent to which the reported values 
represent quantities present in manufactured goods entering Canada from other parts of 
the world is unknown, as these uses would be unlikely to meet the reporting criteria for 
these surveys. Data collected from 2021 indicated that import quantities for TPHP may 
be slightly lower than the reported quantities from section 71 and voluntary follow-up 
surveys (ECCC 2022).  

In Canada, according to information submitted in response to CEPA section 71 surveys 
(ECCC 2016; Environment Canada 2013), TPHP is primarily used as either an additive 
flame retardant and/or as a plasticizer in products available to consumers and 
commercial products, such as adhesives and sealants, paints and coatings, lubricants 
and greases, and in plastic and rubber formulation. TPHP has been detected in foam-
containing products available to consumers in Canada such as mattresses, upholstered 
furniture and children’s products including infant and child restraint seats (CEC 2015; 
Health Canada 2019).    

In Canada, TPHP may be used in food packaging as a component in the manufacture 
of certain printing inks that may be applied on the outside layer of laminated plastic 
structures for food packaging applications (personal communication, e-mail from the 
Food and Nutrition Directorate, Health Canada, to the Existing Substances Risk 
Assessment Bureau, Health Canada, dated March 28, 2018; unreferenced). TPHP may 
also be used in the formulations of lubricants; these will not have contact with food and 
thus there are no potential exposures to these substances from this use (personal 
communication, e-mail from the Food and Nutrition Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated May 20, 2022; 
unreferenced).  
 
On the basis of notifications submitted under the Cosmetic Regulations to Health 
Canada, TPHP is used in cosmetics in Canada, primarily nail care products (personal 
communication, e-mail from Consumer and Hazardous Products Safety Directorate, 
Health Canada, to Existing Substances Risk Assessment Bureau, Health Canada, 
dated May 16, 2022; unreferenced).  
 
In Canada, TPHP can also be used as a formulant in pest control products and is 
currently present in 2 registered domestic class pest control products, both of which are 
anti-fouling paints with marine applications (personal communication, e-mail from Pest 
Management Regulatory Agency, Health Canada, to Existing Substances Risk 
Assessment Bureau, Health Canada, dated May 18, 2022; unreferenced). 

 

5 Values reflect quantities reported in response to the surveys issued pursuant to section 71 of CEPA 
(Environment Canada 2013, ECCC 2016). See survey for specific inclusions and exclusions (schedules 2 
and 3). 
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 Potential to cause harm to human health 

2.4.1 Exposure assessment of TPHP 

2.4.1.1 Environmental media and food 

There were no significant changes from exposure to TPHP in ambient and indoor air, 
drinking water, soil and dust as described in section 2.7.1.1 of the draft assessment 
(ECCC, HC 2021). Appendix A contains the data used from the various media to 
estimate daily intake for various age groups. Additional data on concentrations of TPHP 
measured in food and in human milk were identified and summarized below.  

In Canada, TPHP has been identified as an additive in a small number of printing inks 
that may be applied on the outside layer of laminated plastic structures for food 
packaging applications. Potential exposure to TPHP from food packaging uses, for 
which there is no direct contact with food, is expected to be negligible. Any contribution 
to total dietary exposure from these uses would be accounted for in the occurrence data 
for processed foods that were employed in the assessment (personal communication, 
e-mail from the Food and Nutrition Directorate, Health Canada, to the Existing 
Substances Risk Assessment Bureau, Health Canada, dated Feb. 2, 2023; 
unreferenced).  

As a result of various anthropogenic uses, TPHP can enter into the environment and 
has been found at generally low levels in foods. Overall, very little Canadian occurrence 
data for TPHP in foods are available. There are some data for infant foods from the 
Canadian Food Inspection Agency’s Children’s Food Project Survey (CFIA 2019-2021), 
however, these are quite limited (n=13). Therefore, data employed in the dietary 
exposure assessment were predominantly from a U.S. study (Wang and Kannan 2018), 
and, to a lesser extent, from studies conducted in Australia (He et al. 2018), Belgium 
(Poma et al. 2018), China (Zhao et al. 2019a), and Sweden (Poma et al. 2017) 
(Appendix B, Table B-1). The maximum TPHP concentrations in foods and beverages 
were conservatively used to estimate exposures in the assessment and are presented 
in Appendix B (Appendix B, Table B-1). Mean “all person” exposures to TPHP across all 
age groups ranged from 0.021 to 0.64 µg/kg bw/day (Appendix B, Table B-2). 

There are no Canadian data for TPHP in human milk, but TPHP has been detected in 
human milk in the U.S., Sweden, Spain, Japan, Vietnam, China and the Philippines 
(Beser et al. 2020; Chen et al. 2021; Kim et al. 2014; Ma et al. 2019; Sundkvist et al. 
2010; Zheng et al. 2021) (Appendix C, Table C-1). The U.S. studies are considered 
most relevant to the general population of Canada, so the maximum value of 0.760 
ng/ml from the Ma et al. (2019) study was conservatively used to estimate exposure to 
human milk-fed infants aged 0 to 5 months (0.094 µg/kg bw/day) and 6 to 11 months 
(0.053 µg/kg bw/day; Appendix A, Table A-2).  

https://publications.gc.ca/site/eng/9.905055/publication.html
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There are no Canadian data for TPHP in infant formula, but TPHP has been detected in 
formula samples purchased and analyzed in China in 2 studies (Chen et al. 2022; Zhou 
et al. 2022). The Chen et al. (2022) study analyzed 75 powdered infant formula samples 
that were purchased in March 2021 from supermarkets in Beijing. Several of the 
formulas purchased were imported from Europe and New Zealand (53 of 75). Of the 75 
formulas tested, 25 were considered “stage 1 formulas” that were meant for 0 to 6 
month olds while 25 each were also tested for stage 2 (7 to 12 month olds) and stage 3 
formulas (13 to 36 month olds). TPHP was detected in 100% of the samples for all 
stages (n=75). Means of 19.53 ng/g, 24.07 ng/g, and 23.71 ng/g TPHP in infant stage 1, 
stage 2, and stage 3 formulas, respectively, were reported (Chen et al. 2022).TPHP 
levels in the Zhou et al. (2022) study (reported under the acronym TPPA) for the 54 
infant formula samples tested fell within the range of TPHP concentrations reported in 
the Chen et al. (2022) study, with lower means and a detection frequency of 85.2%.  
The means for infant stage 1 and stage 2 formulas reported in Chen et al. (2022) were 
therefore used to estimate daily intakes of TPHP by formula-fed 0 to 5 and 6 to 11 
month olds.  

Estimates of total exposure for TPHP from environmental media and food for the 
general population of Canada ranged from 0.079 µg/kg bw/day for those aged 14 to 18 
years to 1.2 µg/kg bw/day for formula-fed infants aged 6 to 11 months (Appendix A). 

2.4.1.2 Products available to consumers 

Cosmetics  

On the basis of notifications submitted under the Cosmetic Regulations to Health 
Canada, TPHP is used in various nail care products in Canada such as base coats, top 
coats, and nail polish, and nail kits with concentrations ranging from <0.1% to 30% 
(personal communication, e-mail from Consumer and Hazardous Products Safety 
Directorate, Health Canada, to Existing Substances Risk Assessment Bureau, Health 
Canada, dated May 16, 2022; unreferenced). The function of TPHP in these products is 
as a plasticizer (Mendelsohn et al. 2016). Given that TPHP has a low vapour pressure 
(1.68 x 10-4 Pa), the primary route of exposure is considered to be through the skin 
(Estill et al. 2021; Mendelsohn et al. 2016). This is supported by studies that measured 
air concentrations of TPHP in nail salons (Estill et al. 2021; Nguyen et al. 2022) that 
resulted in estimates of inhalation exposure (data not shown) that are orders of 
magnitude lower than those presented below (Table 2-2) for dermal exposure. 
Therefore, only dermal estimates are presented.  

Limited dermal absorption data were identified for TPHP in 2 infinite dose studies that 
included several organophosphate ester flame retardants (Frederiksen et al. 2018; 
Zhang et al. 2022). Exposures to TPHP from products and manufactured items 
discussed herein are all finite dose scenarios to which infinite dose studies have limited 
applicability. Furthermore, these studies do not incorporate all pertinent skin bound 
residues into reported permeability coefficients and may underestimate exposure by the 
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dermal route. The Scientific Committee on Consumer Safety (SCCS) also 
acknowledged the lack of relevant dermal absorption data for TPHP in their draft 
“Opinion on Triphenyl phosphate” and stated that a default dermal absorption of 50% 
would therefore be used in their exposure estimates (SCCS 2024). The same approach 
has been taken herein.  

Table 2-2 summarizes the dermal doses for nail care products containing TPHP that are 
available to consumers. Given that the base coat, top coat, and nail polish products may 
be used together, the estimated dermal exposures for the 3 products were aggregated 
for individuals 14 years and older. Dermal exposure estimates are presented for the nail 
kit alone and an aggregate exposure of the kit with 2 coats of nail polish. Details on the 
method and parameters used to estimate external dermal exposures to TPHP from nail 
care products are available in Appendix D, Table D-1.   

Table 2-2. Estimated dermal dosea (mg/kg bw per event) to TPHP from the use of 
nail care products 

Age 
group 

Base 
coatb 

Nail 
polish 

Top 
coatb 

Aggregated 
(base, top, 
nail polish) 

total 

Nail kitc Nail kit 
with 

polishc,d 

19+ years  0.027 0.16 0.047 0.24 0.16 0.24 

14 to 18 
years 

0.032 0.19 0.056 0.28 0.19 0.29 

9 to 13 
years 

N/A 0.28 N/A N/A 0.28 0.43 

4 to 8 
years 

N/A 0.20 N/A N/A N/A N/A 

Abbreviations: N/A, not applicable 
a Dermal absorption of 50%. 
b Product not anticipated to be used by children younger than 14 years old. 
c Product not anticipated to be used by children younger than 9 years old. 
d Aggregated estimate of TPHP exposure from nail kit, and 2 coats of nail polish on fingernails (for example for 
adults: 0.16 [nail kit exposure] + (0.16/2) [2 coats of polish on fingernails only] = 0.24 mg/kg bw per event). 

Other products 

In Canada, TPHP was reported as an ingredient in lubricants and greases available to 
consumers (for example, power steering fluid, engine oils, synthetic greases) with 
concentrations ranging from 0.1% to 1% (Environment Canada 2013; SDS 2017; SDS 
2021; US EPA 2020b). Dermal exposures were estimated for adult users and ranged 
from 4.2×10-4 to 4.2×10-3 mg/kg-bw/event (see Appendix D for more details).  



 

8 

 

Manufactured items 

TPHP is one of several flame retardants that is incorporated into flexible PUF during 
foam production (Marklund 2005). TPHP is commonly found in commercial flame 
retardant mixtures, one of which is Firemaster 550 (or FM550) (McGee et al. 2013; 
Phillips et al. 2017). Some studies report the level of FM550 as a sum of TPHP and the 
2 brominated substances (benzoic acid, 2,3,4,5-tetrabromo-, 2-ethylhexyl ester or TBB 
and 1,2-benzenedicarboxylic acid, 3,4,5,6-tetrabromo-, bis(2-ethylhexyl) ester or TBPH) 
that make up most of this blend (Stapleton et al. 2012), while others used an authentic 
standard of FM550 for its quantification (Cooper et al. 2016). TPHP has been detected 
in foam-containing products available to consumers in Canada, including furniture such 
as couches, and children’s products such as nap mats, baby slings, baby mattresses, 
infant and child restraint systems, changing table pads, portable mattresses, and 
rocking chairs (CEH 2013a,b; CEC 2015; Cooper et al. 2016; Danish EPA 2015; Health 
Canada 2019; Stapleton et al. 2011; Rodgers et al. 2021). Table 2-3 summarizes 
available information on the concentration of TPHP measured in various products.  

Table 2-3. Summary of studies that measured TPHP in manufactured items 

Manufactured item(s) Concentration of TPHP Reference 

Foam from child restraint 
systems (n=10), other 
children’s products (n=10), 
upholstered furniture (n=10), 
foam mattresses (n=10), 
mattress toppers (n=9), and 
pillows (n=1) purchased in 
Canada 

Not detected (LOQ = 
0.0012%) to 1.8% w/w 

(that is, detected above LOQ 
in PUF foam from 4 child 
restraint systems, 4 other 
children’s products, 1 article 
of upholstered furniture, 3 
foam mattresses) 

Health Canada 
2019 

Children’s products including 
foam and fabric samples (for 
example, foam chairs, 
pajamas, nap mat, mattress 
topper, blanket, crib sheets, 
toys, foam tiles, crib 
mattresses), (n=111 samples 
from 41 products) purchased 
in Canada 

Not detected above the LOD 
(0.0004% w/w) 

 

Health Canada 
2023a 

Building material and foam 
pillows (for example, flooring, 
wallpaper, carpet, ceiling 
tiles, blinds, nursing pillow, 
toddler pillow) (n=38 samples 
from 23 products) purchased 
in Canada 

0.007% (blind) 

0.017% (wallpaper) 

Detected in 1 blind and 1 
wallpaper sample; LOD = 
0.0004% w/w 

Health Canada 
2023b 
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Foam from children’s 
products (n=27 samples from 
19 products) purchased in 
Canada 

0.0056% w/w (bath book) 

Detected in 1 sample; LOD = 
0.0004% w/w 

Health Canada 
2023c 

Foam, fabric, upholstery, 
padding, and stuffing of 
various furniture products 
(n=132; for example, chairs, 
sofas, ottoman) purchased in 
2014 to 2015 in Canada, the 
U.S. and Mexico 

0.02% to 1.15% w/w 
(reported as 200 to 11,500 
ppm) 

TPHP detected in 82% of 
foam samples, 9% of fabric 
samples, and 18% of “other” 
samples (from 11 products) 

TPHP was detected in 5%, 
0.1% and 1% of products 
purchased in Canada, Mexico 
and the U.S., respectively 

CEC 2015 

Child restraint systems 
(n=387 material samples 
from 15 systems/seats) 
purchased in U.S.  

(reported as 11,000 ppm) 

Detected in the foam of 1 
child restraint system 

Miller and 
Gearhart 2016 

Child restraint systems (n = 
36 samples including foam, 
fabric and composites of 
foam and fabric, 18 
systems/seats) purchased in 
the U.S. in 2018 

Not detected (LOD = 
0.0002%) to 0.041% 

TPHP was detected in 72% 
samples 

Wu et al. 2019 

Abbreviations: LOD, limit of detection; LOQ, limit of quantification 

Prolonged dermal exposure to TPHP from lying on foam-containing mattresses or 
upholstered furniture and sitting in an infant or child restraint system (including boosters 
seats) containing TPHP are described in Table 2-4. Details for the scenario are 
described in Appendix D.  

TPHP has also been identified in toys made of plastic, rubber, wood, foam and textiles 
in Antwerp, Belgium (Ionas et al. 2014) and in various children’s products in the U.S. 
(Stapleton et al. 2011). It is expected that some of the same types of children’s products 
as those found to contain TPHP in Europe and the U.S. would be present in Canada. 
Therefore, estimates of exposure to TPHP via mouthing were also derived (Table 2-4) 
as described in Appendix D.  

A study by Davis et al. 2021, evaluated chairs with different fire-resistant technologies 
for flame retardant exposures via inhalation, ingestion, and dermal contact exposure 
routes; for the scenario of one chair in a living room with an average ventilation, 
inhalation was predicted to be the route resulting in the least flame retardant exposure, 
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accounting for less than 1% of the total average daily dose for TPHP. As such, 
exposures via inhalation were not derived.  

Table 2-4. Estimated daily exposures (sentinel product scenarios) to TPHP from 
the use of manufactured itemsa 

Exposure 
route 

Source Age group Exposure estimate 
(mg/kg bw/day) 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

0 to 5 months 1.3×10-2 to 8.0×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

6 to 11 months 1.1×10-2 to 7.1×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

1 year old 1.1×10-2 to 7.1×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

2 to 3 years old 6.8×10-3 to 5.8×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

4 to 8 years old 5.5×10-3 to 4.9×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

9 to 13 years old 4.2×10-3 to 3.9×10-2 

Dermal Lying on foam-
containing 
mattress or 
upholstered 
furniture  

14 to 18 years old 3.0×10-3 to 2.9×10-2 

Dermal Lying on foam-
containing 

19+ years old 2.7×10-3 to 2.3×10-2 
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mattress or 
upholstered 
furniture  

Dermal Foam/fabric in 
infant and child 
restraint systems 

0 to 5 months 3.0×10-3 to 5.6×10-3 

Dermal Foam/fabric in 
infant and child 
restraint systems 

6 to 11 months 2.7×10-3 to 5.0×10-3 

Dermal Foam/fabric in 
infant and child 
restraint systems 

1 year old 2.5×10-3 to 4.7×10-3 

Dermal Foam/fabric in 
infant and child 
restraint systems 

2 to 3 years old 1.7×10-3 to 3.2×10-3 

Dermal Foam/fabric in 
infant and child 
restraint systems 

4 to 8 years old 1.5×10-3 to 2.7×10-3 

Dermal Foam/fabric in 
infant and child 
restraint systems 

9 to 13 years oldb 1.2×10-3 to 2.2×10-3 

Oral 
Foam in children’s 
products 

0 to 5 months 1.6×10-4 to 1.5×10-3 

Oral 
Foam in children’s 
products 

6 to 11 months 1.1×10-4 to 1.0×10-3 

Oral 
Foam in children’s 
products 

1 year old 9.1×10-5 to 8.4×10-4 

Oral 
Foam in children’s 
products 

2 to 3 years old 6.7×10-5 to 6.2×10-4 

a Dermal absorption was assumed to be 50%. 
b Infant and child restraint system regulations in Canada vary by province and territory (CPSAC 2019). On the basis 
of relevant age and weight considerations, dermal exposure estimates were derived for various age groups up to and 
including 9 to 13 year olds. 
 

TPHP was not detected above the limit of detection (LOD = 0.0004% w/w or 4000 ng/g) 
in fabrics tested from children’s products including pajamas purchased in Canada 
(Health Canada 2023a; see Table 2-3). TPHP was measured in various textiles 
purchased in the US, including infant clothing (for example, socks, bodysuits, pants, 
trousers, skirts, shirts) and raw fabrics (that is, fabrics available prior to sewing 
marketed for various applications including curtains, cushions, toss pillows and patio 
furniture) (Zhu et al. 2020). The method detection limit (MDL) in the Zhu et al. (2020) 
study was lower than that of the Health Canada (2023a) study, at 0.24 ng/g. 
Concentrations of TPHP in conventional textiles tested by Zhu et al. (2020), which 
included infant clothing (n=52) and raw fabrics (n=29) made of cotton, polyester, or 
nylon, ranged from <0.8 ng/g (method quantification limit or MQL) to 3350 ng/g.  
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Estimated dermal exposures to TPHP derived in Zhu et al. (2020) for infants from 
clothing based on the 95th percentile concentration ranged from 2860 to 3560 pg/kg 
bw/day.  

2.4.1.3 Biomonitoring  

Diphenyl phosphate (DPHP), a metabolite of TPHP as well as other organophosphate 
flame retardants (Kosarac et al. 2016; He et al. 2018; Bjornsdotter et al. 2018), has 
been measured in urine in numerous human biomonitoring studies in Canada, the U.S. 
and elsewhere, including the Canadian Health Measures Survey (CHMS), a study from 
Maternal-Infant Research on Environmental Chemicals (MIREC), and the US National 
Health and Nutrition Examination Survey (NHANES) (NHANES 2011-2018; Butt et al. 
2014, 2016; Fromme et al. 2014; Cequier et al. 2015; Kosarac et al. 2016; Thomas et 
al. 2016; Hoffman et al. 2017; Yang et al. 2017; He et al. 2018; Ospina et al. 2018; 
Phillips et al. 2018; Wang et al. 2019; Hammel et al. 2020; Siddique et al. 2020;  
Schoeters et al. 2022; Siddique et al. 2022; Health Canada 2023d; Ashley-Martin et al. 
2023). DPHP has also been measured in serum (Li et al. 2017; Ma et al. 2017), hair and 
nails (Alves et al. 2017; Liu et al. 2016). 

Given DPHP is a metabolite for several OPFRs and may also be used itself in various 
industrial applications, the origin of the compound in urine is unknown (Kosarac et al. 
2016; Bjornsdotter et al. 2018). In addition to DPHP not being a unique biomarker for 
TPHP, there is insufficient information on the kinetics and metabolism of TPHP to derive 
exposure estimates (see section 2.4.2.1). A more specific biomarker for TPHP has been 
identified by Su et al. (2016) and Zhao (2019b); however, more information and 
measured levels of this metabolite in humans are required before it can be used to 
estimate human exposures.  

2.4.1.4 Consideration of subpopulations who may have greater exposure 

There are groups of individuals living in Canada who, due to greater exposure, may be 

more vulnerable to experiencing adverse health effects from exposure to substances. 

The potential for elevated exposure within the Canadian population was examined. 

Exposure estimates are routinely assessed by age to take into consideration physical 

and behavioural differences during different stages of life. In the assessment of 

background exposure from environmental media, indoor air, food, drinking water, dust 

and soil, young children had higher exposures than adults. Human-milk fed infants had 

higher exposure than formula-fed infants and adults. In addition, infants and children 

also had higher exposure to TPHP from manufactured items (for example, foam-

containing furniture or mattresses), as compared to adults. In the assessment of 

exposure to TPHP in products available to consumers, products used by children that 

were assessed included foam in toys and children’s products and nail polish. The 

potential for elevated exposure to TPHP by people who frequent nail salons was also 
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considered, including evaluation of studies performed in nail salons in Canada (Nguyen 

et al. 2022) and the USA (Estill et al. 2021; Mendelsohn et al. 2016). 

2.4.2 Health effects assessment of TPHP 

TPHP has been assessed by ATSDR (2012) and OECD (2002). Targeted literature 
searches were conducted from a year prior to the publication of the draft assessment to 
February 2023. Health effects studies that could impact the risk characterization (that is, 
result in different critical endpoints or lower points of departure than those stated in 
ECCC, HC [2021]) were identified. 

A safety assessment of TPHP as used in cosmetics was also available (CIR 2018). 

2.4.2.1 Toxicokinetics 

Triphenyl phosphate (TPHP) is degraded by hydrolysis in rat liver homogenate to DPHP 
as the major metabolite (OECD 2002). Additional metabolites have been identified 
through in vitro exposure of human liver microsomes, which converted TPHP to the 
diester (DPHP) and mono- and dehydroxylated metabolites through cytochrome P450 
action (Zhang et al. 2018). A study by Selmi-Ruby et al. (2020) suggested that DPHP 
may not be the primary metabolite of TPHP after administration by gavage or drinking 
water. The dermal uptake and percutaneous penetration of TPHP was studied using 
human skin in Franz diffusion cells. TPHP tended to build up in the skin tissues, 
primarily in the upper layers. Only “smaller amounts” of TPHP permeated the skin and 
reached the receptor fluid within 72 hours (Frederiksen et al. 2018). TPHP has the 
potential to be absorbed dermally following cosmetic application in humans 
(Mendelsohn et al. 2016, as cited in CIR 2018). A mean of 41% TPHP is retained in the 
lungs when inhaled at a flow rate of 18 L/minute. This retention rate is increased with 
increasing particle size and flow rate (Landhal et al. 1951, 1952, as cited in ATSDR 
2012).  
 
Multiple possible routes of elimination in humans have been indicated for TPHP. The 
renal clearance rate of TPHP was estimated to be 68.9 mL/kg/day through comparison 
of the paired human plasma and urine samples of TPHP and DPHP (diester metabolite 
of TPHP), respectively, from 30 people in China. The hepatic clearance of TPHP in 
humans was extrapolated from in vitro human liver microsome clearance, resulting in an 
estimated value of 166 ml/kg/day. As the clearance from the liver was higher than the 
kidney for TPHP, the authors suggest other methods of elimination are possible. 
Clearance of TPHP could also be affected by binding with plasma proteins, as the 
binding affinity for TPHP was 97.4% (Wang et al. 2020). 
 
From paired maternal and cord whole blood samples from pregnant women in China, 
TPHP was found to have a transplacental transfer efficiency value of 1.06 (cord blood to 
maternal blood concentration ratio). From this ratio and the log Kow (4.70), the authors 
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consider that passive diffusion is the main mode of transfer across the placenta, but that 
active transport may also play a role (Wang et al. 2021). 

2.4.2.2 Carcinogenicity and genetic toxicity 

No carcinogenicity studies were identified for TPHP. TPHP is not considered to be 

genotoxic on the basis of negative evidence of mutagenicity in in vitro tests with 
Salmonella typhimurium, with and without metabolic activation (ATSDR 2012). 

2.4.2.3 Repeated dose toxicity 

Two 4-month oral studies were available. Rats were exposed to TPHP at doses of 0, 
161, 345, 517 or 711 mg/kg bw/day in diet. A statistically significant reduction in growth 
weight was detected at levels of 345 mg/kg bw/day and higher in male rats (only sex 
tested in this study) in Sobotka et al. (1986, as cited in OECD 2002). This change was 
only observed at 711 mg/kg bw/day in Hinton et al. (1987, as cited in OECD 2002). 
However, only limited data are reported and a number of standard parameters of 
repeated dose toxicity are missing, such as organ weight measurement and 
histopathology of organs other than lymphoid organs (spleen, thymus, lymph nodes) as 
well as hematology and clinical chemistry other than serum proteins.  
 
In a 90-day oral study, according to OECD guideline 408, Wistar rats were fed TPHP in 
diet at doses of 0, 20, 105 and 583 mg/kg bw/day for males and 0, 22, 117 and 
632 mg/kg bw/day for females (ECHA c2007-2018). Treatment-related increases in liver 
weight in the high dose groups (approximately 30% and 21% for males and females, 
respectively) were considered adverse in nature, although no supportive adverse 
histopathological changes were noted in the liver. The authors noted a lowest observed 
effect level (LOEL) for this study was 105 mg/kg bw/day based on liver weight increase 
at the next dose level of 583 mg/kg-bw/day.  

In a short-term oral study, according to OECD guideline 407, Wistar rats were exposed 
in the diet to TPHP at doses of 0, 23.5, 161.4 or 701 mg/kg bw/day for 28 days (ECHA 
c2007-2018). In males, decreased body weight gain was observed at 161.4 mg/kg 
bw/day. At 701 mg/kg bw/day, there was an increase in food consumption in both males 
and females. A statistically significant increase in liver weights was also observed at 
701 mg/kg bw/day in both sexes. Males displayed a higher frequency of enlarged livers. 
This trend correlates with the occurrence of slight hypertrophy/cytoplasmic change of 
periportal hepatocytes observed in males at 161.4 mg/kg bw/day, compared to females 
at 701 mg/kg bw/day. Changes in the liver marked by minimal to slight 
hypertrophy/cytoplasmic change of periportal hepatocytes and hepatocytes in the 
periportal and partly midzonal areas showed a swollen eosinophillic appearance with a 
homogenous dust like granulated cytoplasm were also observed at 701 mg/kg bw/day 
in females. The no observed adverse effect level (NOAEL) was established to be 
161.4 mg/kg bw/day, on the basis of decrease in body weight gain and liver effects at 
the next tested dose. In another study, only a slight depression of body weight gain and 
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an increase of liver weights at a level of 350 mg/kg bw/day were observed after 35 days 
of treatment (Sutton et al. 1960, as cited in OECD 2002). 

In a non-guideline short-term toxicity study conducted by the National Toxicology 
Program (NTP), groups of male rats (Sprague-Dawley; 5 per group) were administered 
TPHP via gavage at doses of 0, 55, 110, 220, 441 and 881 mg/kg bw/day once a day 
for 4 consecutive days (NTP 2018). Animals were sacrificed one day after their final 
exposure. Clinical observations, body weight, organ weight and clinical chemistry were 
evaluated. Transcriptomic changes in the liver were also evaluated in the study and it 
was noted that further testing at lower doses would be needed to refine estimates of the 
transcriptional point of departure. All animals survived through the study. No differences 
in incidence of clinical observations between treated and control animals were noted. 
The most sensitive apical endpoints for which Benchmark dose (BMD) values could be 
obtained were serum HDL (high-density lipoprotein) cholesterol levels, absolute liver 
weights, relative liver weights, and serum cholesterol levels. The benchmark dose lower 
confidence limit BMDL1SD (that is, one standard deviation increase over the background) 
(and BMD) were 39 (79), 48 (136), 71 (103), and 90 (142) mg/kg, respectively. Although 
serum cholinesterase appeared to be a sensitive endpoint (35–70% decrease) at all 
doses, beginning with 55 mg/kg (the lowest-observed-effect level), its BMD could not be 
determined due to poor model fit. 

In a non-guideline study, kidney and gut microflora were evaluated with and without a 
high fructose and fat diet and TPHP. The results of TPHP exposure alone are presented 
in this assessment. Groups of 8 male mice (C57BL/6J) were fed a control diet, 0.01 
mg/kg bw/day TPHP in diet and 1 mg/kg bw/day TPHP in diet for 12 weeks. At both 
doses of TPHP, mice were observed to have gut microbiota disorders. Significant 
inflammation based on increased cytokine levels was reported starting at 0.01 mg/kg 
bw/day. Structural damage in the kidney was noted in the 1 mg/kg bw/day group 
(vacuolation of the kidney tubular epithelial cells, glomerular atrophy, cytosolic vacuole 
formation in the cortex), in addition to increased urine total protein and urine 
protein/creatinine levels, which indicate kidney damage. In addition, kidney tissue 
fibrosis significantly increased at this dose level (Cui et al. 2020). Given that these 
kidney effects were not seen in the 2 available guideline studies conducted in rats 
(ECHA c2007-2018), the results of this study (Cui et al. 2020) were not further 
considered for risk characterization. 
 
In a non-guideline study, intestinal health was investigated in a 28-day study in BALB/c 
mice. Groups of 10 mice/sex/group were orally gavaged with corn oil (control) or TPHP 
(dissolved in corn oil) at 2, 10, or 50 mg/kg bw/day (Peng et al. 2023). At 2 mg/kg 
bw/day, mice of both sexes were observed to have shortened colon length, infiltration of 
inflammatory cells in the colon and decreased villus length in the ileum, crypt 
deformation in the ileum, appearance of vacuoles in the ileum, and infiltration of immune 
cells in the ileum.  
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In a non-guideline study, effects on mouse liver were evaluated with and without a high 
fructose and fat diet and TPHP (Cui et al, 2022). The results of TPHP exposure alone 
are presented in this assessment. Groups of 15 male mice (C57BL/6J) were fed a 
control diet, 0.01 mg/kg bw/day and 1 mg/kg bw/day TPHP in diet for 12 weeks. At both 
doses of TPHP, mice were observed to have liver histopathological damage including 
squeezing and narrowing of liver sinusoids, edema and degeneration of liver cells, 
cytoplasmic looseness, vacuole formation, and inflammatory infiltration, compared with 
the control group. In addition, at both doses of TPHP, there were significant levels of 
chromatin condensation of the nuclei, cytoplasm sparsity, mitochondrial expansion, 
endoplasmic reticulum dispersion, and a reduction in cytoplasmic organelles in the liver 
as well as increased levels of alanine aminotransferase (ALT/GPT) and aspartate 
aminotransferase (AST/GOT) in serum as compared to the control group. At 1 mg/kg 
bw/day TPHP, there was a significant increase in liver lipid accumulation compared with 
the control group. An oral glucose tolerance test and an insulin tolerance test were 
conducted in the last week of exposure and mice treated with TPHP were shown to 
experience an aberrant glucose recovery mechanism as compared with control (Cui et 
al, 2022).  

In a short-term dermal study, rabbits were exposed to TPHP on clipped and intact or 
abraded skin at doses of 0, 100 or 1000 mg/kg bw/day for 3 weeks. No effect on body 
weight, hematology and clinical chemistry, organ weights or histopathology was 
observed. The only treatment-related effect was a dose-related depression (only 
statistically significant at 1000 mg/kg bw/day) of acetyl cholinesterase in plasma, 
erythrocytes and the brain of the TPHP treated rabbits, with no clinical signs of 
increased cholinergic activity. No effects were observed in the reproductive organs of 
rabbits administered TPHP up to the highest dose of 1000 mg/kg bw/day. The NOAEL 
was considered to be 1000 mg/kg bw/day (Monsanto 1979, as cited in OECD 2002). 

2.4.2.4 Reproductive/developmental toxicity 

No developmental or reproductive effects were observed in a non-guideline 4-month 
oral fertility and developmental study in rats up to doses of 690 mg/kg bw/day (Welsh et 
al. 1987, as cited in OECD 2002). 

In a uterotrophic assay, immature female mice and rats (17 days old) were found to 
have no increased uterine weight when TPHP was administered by subcutaneous 
injection at doses of 0, 200 or 600 mg/kg TPHP once daily for 3 consecutive days 
(Wang et al. 2018). 

In a non-guideline study, pregnant C57BL/6J mice (n =11-14) were orally gavaged with 
corn oil (control) or TPHP (dissolved in corn oil) at 1 or 5 mg/kg bw/day from embryonic 
day 0 (E0) that is gestational day 0 to delivery (Hong et al 2022a). At E18, 5 dams from 
each group were randomly selected to evaluate the accumulation of TPHP/DPHP and 
effects of TPHP on placenta. The authors only reported results for the mice exposed to 
1 mg/kg bw/day and noted that TPHP and DPHP accumulated in the placenta and this 
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accumulation was not seen in control mice. The remaining dams continued to be dosed 
until natural delivery (n = 6–9). There were no significant differences observed in 
maternal food consumption or body weight between control and treatment groups. 
There were no significant differences in the number of offspring, offspring weight or 
body length between control and treatment groups. However, the number of live 
offspring per litter decreased in both TPHP exposed groups as compared to the control 
group. The gestation period for mice exposed to 5 mg/kg bw/day was significantly 
shorter as compared with both the control and the 1 mg/kg bw/day exposed mice. The 
still birth rate in 1 mg/kg bw/day exposed mice was significantly higher as compared to 
the control group. However, there was no significant difference in still birth rate for mice 
exposed to 5 mg/kg bw/day TPHP as compared to the control group (Hong et al 2022a). 

In a non-guideline study, pregnant C57BL/6J mice were orally gavaged with corn oil 
(control) or TPHP (dissolved in corn oil) at 1 mg/kg bw/day from gestational day 0 to 
postnatal day 21 (PND21) (Liu et al. 2023). At PND 56, serum, liver, ileum and colon 
were collected from 6 pups from each group for investigation. Compared to the control 
group, the birth weight of offspring in the TPHP group was not significantly different, but 
in lactation, the weight of offspring in the TPHP group was significantly lower than that 
in the control group. There was no significant difference in body weight between the 2 
groups after weaning when offspring began to consume standard feed. In male 
offspring, tissue necrosis in colon and ileum, as well as congestion of capillaries in the 
ileum were observed. In female offspring, tissue necrosis in ileum, and lymph node 
hyperplasia and increased alkaline mucus secretion in colon were observed. In male 
offspring, mass lipid droplets and inflammation were observed in the liver, and liver 
weight was significantly increased and lipid accumulation was observed in male 
offspring of TPHP exposed mice. In addition, there was a significant increase in total 
cholesterol, total triglycerides and total bile acid in the serum of male offspring only. The 
study also noted that TPHP exposed mice had disturbances in gut microbiota 
homeostasis, with this being more pronounced in male offspring (Liu et al. 2023). 

In a non-guideline 30-day study, groups of 18 C57BL/6J male mice were orally gavaged 
with corn oil (control) or TPHP (dissolved in corn oil) at 5, 50, or 200 mg/kg bw/day 
(Wang et al. 2023). In all TPHP treated groups, observations included loosened germ 
cells in the seminiferous tubules, a decrease in sperm in the lumen of seminiferous 
tubules, a decrease in Leydig cells in the interstitial connective tissue, significantly 
decreased sperm count in cauda epididymides, abnormal sperm morphology. A 
significant decrease in serum testosterone levels was also noted in the mice 
administered 50, or 200 mg/kg bw/day TPHP as compared to the control group. The 
study further examines a potential mechanism by which these effects might occur and 
the authors note that this is likely via Leydig cell apoptosis (Wang et al. 2023).  

A study by Ma et al. (2021) was conducted to investigate the role of TPHP on ovarian 
function, through evaluation of pubertal timing and follicular development. In this study, 
groups of immature female mice (postnatal day (PND) 21; n=6-15) were administered 0, 
2, 10 or 50 mg/kg bw TPHP by gavage daily for 40 days. To evaluate serum hormone 
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levels, groups of mice (n=12) were administered 0, 2, 20 or 50 mg/kg bw/day TPHP 
from PND 21-PND28. No significant changes in body weight or ovary weight were 
reported over the study period (PND 21-61). A significant increase in the average days 
to vaginal opening was reported in the 50 mg/kg bw/day group – a delay of 2 days from 
control animals. At all doses of TPHP, the total number of follicles in the ovary at all 
stages (primordial, pre-antral, small antral, large antral) were decreased from 16% to 
47% with increasing doses compared to the control group. These decreases were 
statistically significant for all follicle types at 10 mg/kg bw/day and 50 mg/kg bw/day, but 
only for pre-antral follicles at 2 mg/kg bw/day. After 40-days of TPHP administration, the 
level of 17β-estradiol in serum was significantly decreased in 10 and 50 mg/kg bw/day 
mice, without significant change after 7 days of exposure. A significant increase in 
follicle-stimulating hormone (FSH) level (2.5-fold) was reported in 50 mg/kg bw/day 
mice after 40-days of administration of TPHP. After 7 days of TPHP administration, the 
serum level of FSH in mice was significantly increased by 2.8-fold and 5.4-fold in 10 
mg/kg bw/day and 50 mg/kg bw/day groups, respectively. The serum level of luteinizing 
hormone was increased by 2.5-fold in the 50 mg/kg bw/day group after 7-days of TPHP 
administration (Ma et al. 2021). A lowest observed adverse effect level (LOAEL) of 2 
mg/kg bw/day was considered for this study, based on the significantly decreased 
number of pre-antral follicles in the ovary of mice starting at 2 mg/kg bw/day.  

In a non-guideline combined repeated dose toxicity study groups of time-mated 
Sprague-Dawley rats (n=15-22) were fed 0, 1000, 3000, 10,000, 15,000, 30,000 ppm 
(equivalent to approximately 50, 150, 500, 750, 1500 mg/kg bw/day6, respectively) 
TPHP in their feed from gestational day (GD) 6 to PND 28; pups were weaned at PND 
28 and fed the corresponding diet to their dam from PND 28 to 56 (Witchey et al. 2023). 
All dams in the 1500 mg/kg bw/day group were removed from the study on GD12 due to 
clinical signs and lack of body weight gain, while 3 were removed from the 750 mg/kg 
bw/day group during the lactation phase. The remaining dams were reported to have 
clinical observations in the 500 mg/kg bw/day group (hunched posture, thin appearance 
and/or ruffled coats) as well as decreased body weight (6%-25%) and increased food 
consumption (17%-50%) starting at 500 mg/kg bw/day during gestation and/or lactation. 
TPHP exposure to dams was found to increase relative liver weight (starting at 150 
mg/kg bw/day) and relative brain size (750 mg/kg bw/day), while significantly 
decreasing relative thymus weight (500, 750 mg/kg bw/day) without gross pathology 
changes. In terms of developmental effects, decreases in the number of live pups and 
offspring survival were reported for the 750 mg/kg bw/day group. Pup weights at PND1 
were significantly decreased at 500 mg/kg bw/day and 750 mg/kg bw/day TPHP 
exposure. Onset of puberty was delayed in male and female offspring starting at 50 
mg/kg bw/day and 150 mg/kg bw/day, respectively (increased days of balanopreputial 
separation and vaginal opening). Adjustment for body weight at weaning was reported 

 

6 Dose conversion based on body weight of 0.35 kg and food consumption of 18 g/day in rats (Health 
Canada 1994) 
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to reduce the impact of the observed delay. Offspring organ weights were also affected 
by TPHP exposure – significant decrease in relative thymus in males and increased 
relative brain weight starting at 500 mg/kg bw/day. Additional evaluation noted offspring 
experienced maternal transfer through gestation and lactation, and exposure to TPHP 
had reduced cholinesterase activity in a dose-dependant manner in offspring starting in 
the low-dose group. The authors did not determine a NOAEL based on the effects 
observed in all exposure levels (Witchey et al. 2023). For this assessment, a LOAEL of 
50 mg/kg bw/day is considered for this study, based on the significant delay in onset of 
puberty (significant increase in days to balanopreputial separation) in male offspring 
exposed to TPHP. 

2.4.2.5 Neurological  

In a non-guideline study to investigate the permeability of the blood-brain barrier and 
brain histopathology, groups of male mice were orally administered 0, 50 or 150 mg/kg 
bw/day TPHP by gavage for 30 days. After exposure for 30 days, TPHP and its 
metabolite DPHP were detected in the brain tissue analyzed using ultra-performance 
liquid chromatography-mass spectrometry (UPLC/MS). Histopathology of the brain 
showed microglial invasion of the hippocampus and cortex at both doses, along with 
neural cell loss at 150 mg/kg bw/day in the dentate gyrus of the hippocampus. The 
authors reported edema in the thalamus tissue, along with dilation and congestion of 
blood vessels at 150 mg/kg bw/day (Liu et al. 2020). 

Groups of mouse pups were orally administered 0, 0.5, 5 or 50 mg/kg bw/day of TPHP 
from postnatal day (PND) 10-70 in a non-guideline study to investigate neurotoxicity and 
potential modes of action. Behavioural tests were conducted to test spatial memory (Y-
maze test) and recognition memory (Novel object recognition test). In the Y-maze test, 
the number of entries into each arm and the number of correct spontaneous alternations 
(entering the 3 arms of the maze consecutively) were recorded to determine a percent 
alternation behaviour. In the novel object recognition test, the time exploring a new 
object and a familiar object are recorded and used to derive a discrimination index. At 5 
mg/kg and 50 mg/kg significant decreases were reported for spontaneous alternation in 
the Y-maze test, and significant decreases in exploration time and discrimination index 
in the novel object recognition test. Staining of mouse hippocampus axons with the 
neuronal axon marker TUBB3 show reduced axon thickness and weaker fluorescence 
with TPHP exposure. Exposure to TPHP was also reported to have changes in 
expression of proteins and genes in the hippocampus relating to axon guidance, 
synapse function, neurotransmitter transport, and exocytosis compared to controls 
(Zhong et al. 2021).  

In a non-guideline study, pregnant C57BL/6J mice (n =11-14) were orally gavaged with 
corn oil (control) or TPHP (dissolved in corn oil) at 1 or 5 mg/kg bw/day from gestational 
day 0 to delivery (Hong et al 2022b). At E18, 5 dams from each group were randomly 
selected and sacrificed to collect placenta, fetal brain, and maternal serum. The 
remaining dams were dosed until delivery. Then, male offspring were normally fed to 
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post-natal day 56 (PND 56) for neurobehavioral testing, including open field test, novel 
object recognition and contextual fear conditioning (n = 6). There was a significant 
increase noted in IL-6, TNFα and NFκB levels in the placenta of TPHP treated mice as 
compared to control mice. There were no significant differences noted in these levels in 
the fetal brain. In TPHP treated mice, the recognition index was lower in the novel 
object recognition, the freezing level in recent and remote fear memory retrieval was 
lower in the contextual fear conditioning test and treated mice had decreased time in the 
center in the open field test which the authors attribute to anxiety like behaviour. There 
were no significant histopathological changes in the hippocampus in TPHP treated mice 
but the number of Nissl bodies in the hippocampus of treatment group was significantly 
reduced. Transcriptome analysis of fetal hippocampus showed that several neuronal 
cell signaling pathways (that is, axon guidance signaling pathway, neurotrophin 
signaling pathway, dopaminergic synapse signaling pathway and the cholinergic 
synapse signaling pathway) were disturbed by TPHP exposure (Hong et al 2022b). 

2.4.2.6 Consideration of subpopulations who may have greater susceptibility 

There are groups of individuals living in Canada who, due to greater susceptibility, may 
be more vulnerable to experiencing adverse health effects from exposure to 
substances. The potential for susceptibility during different life stages or by sex are 
considered from available studies. Available data for TPHP consists of kinetic, short-
term, reproductive and developmental, genotoxicity data in experimental animals. In this 
health effects assessment, several studies were conducted in both male and female 
experimental animals for TPHP. Consideration was also given to developmental and 
neurological effects in the young, reproductive effects in males and females, and 
pregnant female animals through developmental and reproductive toxicity studies in 
animals. These considerations were taken into account in the selection of the critical 
health effects for risk characterization. 

2.4.3 Characterization of risk to human health TPHP 

No carcinogenicity studies were identified for TPHP. TPHP is not expected to be 
genotoxic. Health effects studies that could impact the risk characterization (that is, 
result in different critical endpoints or lower points of departure than those stated in 
(ECCC, HC 2021)) were identified. On the basis of the available studies, the LOAEL for 
developmental effects of 2 mg/kg bw/day based on the significant decrease in the 
number of pre-antral follicles in the ovary of mice (Ma et al. 2021) was selected as the 
critical effect level to characterize the risk to human health from exposures to TPHP. At 
all doses of TPHP tested, the total number of follicles in the ovary at all stages were 
decreased with increasing doses compared to the control group and there was a 
significant delay in vaginal opening in mice in the 50 mg/kg bw/day group (Ma et al. 
2021). In rats, onset of puberty was delayed in male and female offspring starting at 50 
mg/kg bw/day and 150 mg/kg bw/day, respectively (increased days of balanopreputial 
separation and vaginal opening) (Witchey et al. 2023). Studies have reported altered 
behaviour with respect to memory and learning in mice following early life exposure to 
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TPHP (Zhong et al. 2021; Hong et al 2022b). The selected endpoint (Ma et al. 2021) is 
considered to be protective of the effects seen in the available studies as described in 
the health effects assessment.  

Table 2-5 provides all relevant exposure estimates and hazard points of departure as 
well as the resultant margins of exposure (MOEs) for the characterization of risk for 
exposures to TPHP. 

Table 2-5. Relevant exposure and hazard values for TPHP, as well as margins of 
exposure, for characterization of risk 

Exposure scenario 
Systemic exposure (mg/kg 
bw/day) 

Margins of exposure based 
on the LOAELa of 2 mg/kg 
bw/day 

Environmental media 
and food (all age 
groups) 

7.9×10-5 to 1.2×10-3  1670 to 25,300 

Nail polish (4 to 19+ 
years) 

0.16 to 0.28 7 to 13 

Nail polish, base coat, 
top coat (including 
when all 3 products 
used together) 
(14 to 19+ years; 
dermal)b 

0.24 to 0.28 7 to 8  

Nail kit, nail kit with 
polish  
(9 to 19+ years; 
dermal)b 

0.16 to 0.43  5 to 13 

Lubricants and 
greases (for example, 
power steering fluid) 
(19+ years; dermal) 

4.2×10-4 to 4.2×10-3 480 to 4760 

Mouthing a foam 
object (for example, 
toy) (0 to 3 years; 
daily, intermittent; oral) 

6.7×10-5 to 1.5×10-3 

 
1330 to 29,900 

Dermal contact from 
lying on foam-
containing mattresses 
or upholstered 
furniture (all age 
groups; daily)b 

 

2.7×10-3 to 8.0×10-2  

 
25 to 7403 
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Abbreviations: LOAEL, lowest observed adverse effect level  
a Based on a significant decrease in the number of pre-antral follicles in the ovary of mice observed in a 40-day 
mouse study (Ma et al, 2021). Target MOE = 1000 (x10 for interspecies extrapolation; x10 for intraspecies variation; 
x10 for use of a LOAEL, considering severity of effect (developmental toxicity)). 
b Dermal absorption was assumed to be 50%. 
c Infant and child restraint system regulations in Canada vary by province and territory (CPSAC 2019). On the basis of 
relevant age and weight considerations, dermal exposure estimates were derived for various age groups up to and 
including 9 to 13 year olds. 

 
Comparisons between levels associated with critical effects in animal studies and 
estimates of exposure from environmental media, food, mouthing of foam objects, and 
dermal exposures from infant clothing are considered adequate to account for 
uncertainties in the exposure and health effects data used to characterize risk. 
However, the margins of exposure associated with dermal contact from lying on foam-
containing mattresses or upholstered furniture and sitting in foam-containing infant and 
child restraints systems (including booster seats), as well as dermal contact to nail care 
products and lubricants and greases are considered potentially inadequate to account 
for uncertainties in the health effects and exposure data used to characterize risk. 
 
The human health assessment took into consideration those groups of individuals living 
in Canada who, due to greater susceptibility or greater exposure, may be more 
vulnerable to experiencing adverse health effects. The potential for increased 
susceptibility during reproduction and development were assessed and age-specific 
exposure estimates were derived. Generally, infants and children were found to have 
higher exposure than adults. All of these populations were taken into consideration 
while assessing the potential harm to human health. 

2.4.4 Uncertainties in evaluation of risk to human health 

The key sources of uncertainty are presented in the table below. 

Table 2-6. Sources of uncertainty in the risk characterization 

Key source of uncertainty Impact 

Limited occurrence data for TPHP in foods sold in Canada were available. +/-  

Maximum TPHP concentrations were applied to all food categories (except 
for infant formula). 

+ 

Exposure scenario 
Systemic exposure (mg/kg 
bw/day) 

Margins of exposure based 
on the LOAELa of 2 mg/kg 
bw/day 

Dermal contact from 
sitting in an infant or 
child restraint system 
(0 to 13 years; daily) b,c 

 1.2×10-3 to 5.6×10-3 357 to 1670 

Dermal exposures 
from infant clothing (0 
to 11 months) 

2.86×10-6 to 3.56×10-6 562,000 to 699,000 
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Key source of uncertainty Impact 

Certain food categories only reported ND concentrations of TPHP and, in 
these cases, a concentration equivalent to the LOD was assumed. 

+ 

The maximum concentrations reported in a given food item were assumed 
to be representative of a broader category as a whole. 

+/- 

Some of the source studies utilized for estimating exposure reported very 
low positive detection rates for TPHP. 

+/- 

Limited data measuring TPHP in foam-containing mattresses and/or 
furniture sold in Canada. Data from other countries were used to support 
derivation of exposure estimates. 

+/- 

Absence of data on migration of TPHP out of foam materials. +/- 

Dermal absorption data for TPHP were limited and therefore a default value 
was used in agreement with another jurisdiction. 

+/- 

There are no chronic toxicity studies for TPHP. +/- 
+ = uncertainty with potential to cause over-estimation of exposure/risk; +/- = unknown potential to cause over or 
under estimation of risk. 

 

 Assessment of TBOEP 

 Identity of substance 

The CAS RN, DSL name and common names and/or acronyms for TBOEP are 

presented in Table 3-1.  

Table 3-1. Substance identity of TBOEP  

CAS RN 
(abbreviation) 

DSL name 
(common 

name) 

Representative chemical structure 
and molecular formula 

Molecular 
weight 
(g/mol) 

78-51-3 
(TBOEP) 

ethanol, 2-
butoxy-, 
phosphate (3:1) 
(tris(2-
butoxyethyl) 
phosphate)    

 
C18H39O7P 

398.47 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; DSL, Domestic Substances List 

 Physical and chemical properties 

A summary of experimental and modelled physical and chemical properties of TBOEP 

is provided in the draft assessment (ECCC, HC 2021). 
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 Sources and uses 

Details on the sources and uses of TBOEP are provided in the draft assessment of the 
Flame Retardants Group (ECCC, HC 2021). A summary of key data is provided below.  

TBOEP does not occur naturally in the environment.  

TBOEP was included in a survey issued pursuant to section 71 of CEPA (Canada 
2012). In 2011, a total of 1000 kg to 10,000 kg of TBOEP were manufactured and 
between 10,000 kg and 100,000 kg were imported into Canada (Environment Canada 
2013).7  

In Canada, according to information submitted in response to a CEPA section 71 survey 
(Environment Canada 2013), TBOEP is used in paints and coatings, and in floor 
coverings. 

TBOEP may also be used as a component in the manufacture of a limited number of 
adhesives used in the middle layers of food packaging materials in Canada (personal 
communication, e-mails from the Food and Nutrition Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated March 28, 2018 
and May 20, 2022; unreferenced).  

In Canada, TBOEP can be used as a formulant in pest control products but is currently 
not registered in any pest control products (Personal communication, e-mail from the 
Pest Management Regulatory Agency, Health Canada, to the Existing Substances Risk 
Assessment Bureau, Health Canada, dated May 18, 2022; unreferenced).   

TBOEP can also be found in rust paint (SDS 2014), leather repair solution (SDS 2011), 
shoe waterproofing spray (SDS 2018), marine mildew block spray (SDS 2019), and 
glass marker (SDS 2015) products in Canada. 

TBOEP has been measured in foam sampled from products including pillows, 
upholstered furniture, child restraint systems, and building materials in Canada, the US, 
and elsewhere (CEC 2015; Health Canada 2023b; Miller and Gearhart 2016; Wu et al. 
2019). TBOEP has also been identified in infant clothing and textiles/fabrics in the U.S. 
(Zhu et al. 2020).   

 

7 Values reflect quantities reported in response to the surveys issued pursuant to section 71 of CEPA 
(Canada 2012). See survey for specific inclusions and exclusions (schedules 2 and 3). 
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 Potential to cause harm to human health 

3.4.1 Exposure assessment TBOEP 

There were no significant changes from exposure to TBOEP in ambient and indoor air, 
drinking water, soil, dust, food, human milk and from the use of products available to 
consumers that contain TBOEP (for example, rust paint) as described in section 3.7.1.2 
of the draft assessment (ECCC, HC 2021). However, updated exposure parameters 
used to estimate dermal intakes to TBOEP in the foam or fabric of infant and child 
restraint systems or upholstered furniture such as sofas were incorporated as described 
below. 

3.4.1.1 Products available to consumers 

Manufactured items 

TBOEP was found in various foam products in Canada, the U.S. and elsewhere. Table 
3-2 summarizes available information on the concentration of TBOEP measured in 
various products.   

Table 3-2. Summary of studies that measured TBOEP in manufactured items 

Manufactured item(s) Concentration of TBOEP Reference 

Building material and foam 
pillows (for example, flooring, 
wallpaper, carpet, ceiling 
tiles, blinds, nursing pillow, 
toddler pillow) (n=38 samples 
from 23 products) purchased 
in Canada 

0.04% 

Detected in 1 wallpaper 
sample; LOD = 8 mg/kg 

Health Canada 
2023b 

Foam, fabric, upholstery, 
padding, and stuffing of 
various furniture products 
(n=132; for example, chairs, 
sofas, ottoman) purchased in 
2014 to 2015 in Canada, the 
U.S. and Mexico 

0.08 to 0.17% w/w 

(reported as 750 to 1700 
ppm) 

Detected in foam of 2 sofas 
purchased in Canada 

CEC 2015 

Child restraint systems 
(n=387 material samples 
from 15 systems/seats) 
purchased in U.S.  

0.009 to 2.5% w/w 

(reported as 98 ppm to 
25,000 ppm) 

Detected in the foam and/or 
fabric of 9 child restraint 
systems 

Miller and 
Gearhart 2016 
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Child restraint systems (n=36 
samples including foam, 
fabric and composites of 
foam and fabric, 18 
systems/seats) purchased in 
the U.S. in 2018 

Not detected (LOD 
=0.0003%) to 0.35% w/w 

TBOEP was detected in 58% 
of samples 

Wu et al. 2019 

Abbreviation: LOD, limit of detection 

Prolonged dermal exposure to TBOEP from lying on foam-containing mattresses or 
upholstered furniture and sitting in an infant or child restraint system (including booster 
seats) were estimated and are summarized in Table 3-3 (see Appendix D, Table D-5, 
for details on parameters).  

Limited dermal absorption data were identified for TBOEP in 2 infinite dose studies that 
included several organophosphate ester flame retardants (Frederiksen et al. 2018; 
Zhang et al. 2022). Exposures to TBOEP from the manufactured items discussed herein 
are all finite dose scenarios to which infinite dose studies have limited applicability. 
Frederiksen et al. (2018) also reported difficulty quantifying TBOEP. Furthermore, these 
studies do not incorporate all pertinent skin bound residues into reported permeability 
coefficients and may underestimate exposure by the dermal route. Given the lack of 
relevant dermal absorption data for TBOEP, including a dearth of information from other 
jurisdictions, 100% dermal absorption was assumed when calculating estimates of 
dermal exposure to TBOEP from foam-containing mattresses or upholstered furniture 
and infant and child restraint systems (including booster seats). 

In Europe, TBOEP has also been measured in toys made of plastic, rubber, wood, and 
foam and textiles (Ionas et al. 2014). No studies of children’s products in Canada that 
included TBOEP were identified, but it could be expected that some of the same types 
of toys as those found to contain TBOEP in Europe may be present in Canada. There 
were no significant changes to the estimates of oral exposure via mouthing as 
described in section 3.7.1.2 of the draft assessment (ECCC, HC 2021). 

Table 3-3. Estimated daily exposures to TBOEP from the use of manufactured 
itemsa 

Exposure 
route  

Source Age group Exposure estimate 
(mg/kg bw/day) 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

0 to 5 months 6.5×10-1 to 5.0 

Dermal  Lying on foam-
containing 
mattress or 

6 to 11 months 5.8×10-1 to 4.5 
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upholstered 
furniture  

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

1 year old 5.6×10-1 to 4.5 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

2 to 3 years old 3.5×10-1 to 3.6 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

4 to 8 years old 2.8×10-1 to 3.1 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

9 to 13 years old 2.1×10-1 to 2.5 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

14 to 18 years old 1.5×10-1 to 1.8 

Dermal  Lying on foam-
containing 
mattress or 
upholstered 
furniture  

19+ years old 1.4×10-1 to 1.4 

Dermal  Foam/fabric in 
infant and child 
restraint systems 

0 to 5 months 1.5×10-1 to 3.5×10-1 

Dermal  Foam/fabric in 
infant and child 
restraint systems 

6 to 11 months 1.4×10-1 to 3.2×10-1 

Dermal  Foam/fabric in 
infant and child 
restraint systems 

1 year old 1.3×10-1 to 2.9×10-1 

Dermal  Foam/fabric in 
infant and child 
restraint systems 

2 to 3 years old 8.8×10-2 to 2.0×10-1 
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Dermal  Foam/fabric in 
infant and child 
restraint systems 

4 to 8 years old 7.5×10-2 to 1.7×10-1 

Dermal  Foam/fabric in 
infant and child 
restraint systemsb 

9 to 13 years old 5.9×10-2 to 1.4×10-1 

Oral  Foam in children’s 
products 

0 to 5 months 4.0×10-3 to 4.6×10-2 

Oral  Foam in children’s 
products 

6 to 11 months 2.8×10-3 to 3.2×10-2 

Oral  Foam in children’s 
products 

1 year old 2.3×10-3 to 2.7×10-2 

Oral  Foam in children’s 
products 

2 to 3 years old 1.7×10-3 to 1.9×10-2 

a Dermal absorption was assumed to be 100% when estimating dermal exposures to TBOEP. 
b Infant and child restraint system regulations in Canada vary by province and territory (CPSAC 2019). On the basis 
of relevant age and weight considerations, dermal exposure estimates were derived for various age groups up to and 
including 9 to 13 year olds. 

TBOEP was also identified in various textiles purchased in the US including infant 
clothing (for example, socks, bodysuits, pants, trousers, skirts, shirts) and raw fabrics 
(that is, fabrics available prior to sewing marketed for various applications including 
curtains, cushions, toss pillows and patio furniture) (Zhu et al. 2020). It is expected that 
some of the same types of textiles containing TBOEP could be present in Canada. 
Concentrations of TBOEP in conventional textiles, which included infant clothing (n=52) 
and raw fabrics (n=29) made of cotton, polyester, or nylon, ranged from 0.108 ng/g to 1 
083 ng/g (method quantification limit=0.1 ng/g). Estimated dermal exposures to TBOEP 
derived in Zhu et al. (2020) for infants from clothing based on the 95th percentile 
concentration ranged from 795 to 988 pg/kg bw/day. These exposure estimates are 
considered negligible (≤2.5 ng/kg bw/day). 

3.4.1.2 Biomonitoring  

There were no significant changes to the estimated daily intakes derived from the 

available human biomonitoring data for TBOEP as described in section 3.7.1.5 of the 
draft assessment (ECCC, HC 2021).  

3.4.1.3 Consideration of subpopulations who may have greater exposure 

There are groups of individuals living in Canada who, due to greater exposure, may be 

more vulnerable to experiencing adverse health effects from exposure to substances. 

The potential for elevated exposure within the Canadian population was examined. 

Exposure estimates are routinely assessed by age to take into consideration physical 

and behavioural differences during different stages of life. In the assessment of 

background exposure from environmental media, indoor air, food, drinking water and 
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dust, young children had higher exposures than adults. Human-milk fed infants had 

higher exposure than formula-fed infants. Exposure to TBOEP from manufactured 

products is similar across all age groups.  

3.4.2 Health effects assessment TBOEP 

Hazard characterization for TBOEP is described in the draft assessment (ECCC, HC 
2021). There were no significant changes in the effects of concern identified. No health 
effect studies that would impact the risk characterization (that is, result in different 
critical endpoints or lower points of departure than those stated in ECCC, HC (2021)) 
were identified. 

3.4.2.1 Consideration of subpopulations who may have greater susceptibility 

There are groups of individuals living in Canada who, due to greater susceptibility, may 

be more vulnerable to experiencing adverse health effects from exposure to 
substances. The potential for susceptibility during different life stages or by sex are 
considered from available studies. Available data for TBOEP consists of kinetic, short-
term, repeated-dose, reproductive and developmental and genotoxicity data in 
experimental animals. In this health effects assessment, several studies were 
conducted in both male and female experimental animals for TBOEP. Consideration 
was also given to developmental effects in the young through developmental toxicity 
studies in animals. These considerations were taken into account in the selection of the 
critical health effects for risk characterization. 

3.4.3 Characterization of risk to human health TBOEP 

As indicated in the draft assessment (ECCC, HC 2021), additional sources of exposure 
to TBOEP include through indoor air, drinking water, indoor dust, soil, food, human milk 
and use of products available to consumers containing TBOEP (for example, rust paint). 
Section 3.7.3.2 of the draft assessment addressed the risk characterization of TBOEP 
from these sources and uses (ECCC, HC 2021). 

No carcinogenicity studies were identified for TBOEP. TBOEP is not expected to be 
genotoxic (ATSDR 2012). An 18-week oral study was selected as the most relevant 
study to characterize the risk to human health from exposures to TBOEP (Reyna and 
Thake 1987, as cited in ATSDR 2002). A BMDL10 of 8.88 mg/kg bw/day was derived by 
the ATSDR (2012) on the basis of periportal hepatocellular vacuolization in males at 
173 to 209 mg/kg bw/day (NOAEL = 17 to 21 mg/kg bw/day). Since no long-term dermal 
study was available, this BMDL10 was used as the point of departure for characterization 
of the risk from daily exposures via the dermal route.  

Table 3-4 provides the updated exposure estimates from dermal contact with 
mattresses or upholstered furniture and infant or child restraint systems (including 
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booster seats) as well as relevant hazard points of departure and resulting MOEs for 
TBOEP. 

Table 3-4. Relevant exposure and hazard values for TBOEP, as well as margins of 
exposure, for characterization of risk 

Abbreviations: BMDL, benchmark dose level 
a Dermal absorption was assumed to be 100% when estimating dermal exposures to TBOEP. 
b Based on periportal hepatocellular vacuolization in males in a 18-week rat study (Reyna and Thake 1987, as cited in 
ATSDR 2012). Target MOE = 100 (x10 for interspecies extrapolation; x10 for intraspecies variation).  
c Infant and child restraint system regulations in Canada vary by province and territory (CPSAC 2019). On the basis 
of relevant age and weight considerations, dermal exposure estimates were derived for various age groups up to and 
including 9 to 13 year olds. 

The calculated MOEs from mouthing foam objects containing TBOEP are considered 
adequate to account for uncertainties in the exposure and health effect data used to 
characterize risk. However, the MOEs derived for prolonged dermal exposure to 
TBOEP from lying on foam-containing mattresses or upholstered furniture (all age 
groups) and from sitting in infant or child restraint systems (0 to 13 years) are 
considered potentially inadequate to account for uncertainties in the data used to 
characterize risk.  

The human health assessment took into consideration those groups of individuals living 
in Canada who, due to greater susceptibility or greater exposure, may be more 
vulnerable to experiencing adverse health effects. The potential for increased 
susceptibility during reproduction and development were assessed and age-specific 
exposure estimates were derived. Generally, infants and children were found to have 
higher exposure than adults. All of these populations were taken into consideration 
while assessing the potential harm to human health. 

Exposure scenarioa 
Systemic exposure  

(mg/kg bw/day) 

Margins of 
exposures 
based on 

BMDL10 of 8.88 
mg/kg-bw/dayb 

Dermal contact from lying on 
foam-containing mattresses or 
upholstered furniture (all age 
groups; daily) 

1.3×10-1 to 5.0  2 to 68 

Dermal contact from sitting in 
an infant or child restraint 
system (0 to 13 years; daily)c 

5.9×10-2 to 3.5×10-1 25 to 150 

Mouthing a foam object (for 
example, toy) (0 to 3 years; 
daily, intermittent; oral) 

1.7x10-3 to 4.6x10-2 190 to 5220 
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3.4.4 Uncertainties in evaluation of risk to human health 

The key sources of uncertainty are presented in the table below. 

Table 3-5. Sources of uncertainty in the risk characterization 

Key source of uncertainty Impact 

Limited available data on the presence of TBOEP in foam in infant and child 
restraint systems and in foam-containing mattresses and upholstered 
furniture in Canada. 

+/- 

Absence of data on migration of TBOEP out of foam materials. +/- 

Dermal absorption data for TBOEP are unavailable, so 100% absorption is 
assumed. 

+ 

+ = uncertainty with potential to cause over-estimation of exposure/risk; +/- = unknown potential to cause over or 
under estimation of risk. 

 

 Conclusion 

On the basis of the inadequacy of the margins between estimates of exposure and 

critical effect levels in experimental animals presented in this document, it is proposed 
to conclude that TPHP and TBOEP meet the criteria under paragraph 64(c) of CEPA as 
they are entering or may enter the environment in a quantity or concentration or under 
conditions that constitute or may constitute a danger in Canada to human life or health.  
 
It is therefore proposed to conclude that TPHP and TBOEP meets one or more of the 
criteria set out in section 64 of CEPA.  
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Appendix A. Estimates of daily intake by various age groups 
within the general population of Canada 

Table A-1. General human exposure factors for different age groups in scenariosa  

Age groups  Body 
weight 
(kg)  

Inhalation 
rate (m3/day)  

Drinking 
water (L/day)  

Soil ingestion 
rate (µg/day)  

Dust 
ingestion 

rate 
(µg/day)  

0 to 5 months  6.3  3.7  0.83  N/A  21.6  

6 to 11 months  9.1  5.4  0.76  7.3  27.0  

1 year  11  8.0  0.36  8.8  35.0  

2 to 3 years  15  9.2  0.43  6.2  21.4  

4 to 8 years   23  11.1  0.53  8.7  24.4  

9 to 13 years   42  13.9  0.74  6.9  23.8  

14 to 18 years   62  15.9  1.09  1.4  2.1  

Adults (19+)  74  15.1  1.53  1.6  2.6  
a Health Canada [modified 2022].  
 

Table A-2. Estimates of daily intake (µg/kg bw/day) of TPHPa 

Route of 
exposure  

0 to 5 
months  
(human 

milk-
fedb)  

0 to 5 
months 
(formula 

fedc)  

6 to 11 
months 
(human 

milk-
fedb) 

6 to 11 
months 
(formula 

fedc)  

1 
year  

2 to 3 
years  

4 to 8 
years  

9 to 13 
years  

14 to 18 
years  

Greater 
than or 
equal to 

19 
years  

Indoor aird  7.8x10-3 7.8x10-3 7.9x10-3 7.9x10-3 9.7x10-3 8.2x10-3 6.4x10-3 4.4x10-3 3.4x10-3 2.7x10-3 

Drinking 
watere  

N/A 0.35 0.23 0.23 8.8x10-2 7.7x10-2 6.2x10-2 4.8x10-2 4.8x10-2 5.6x10-2 

Food and 
beveragesf  

9.4x10-2 0.38 0.69 0.94 0.64 0.64 6.4x10-2 4.1x10-2 2.7x10-2 2.4x10-2 

Dustg  8.2x10-2 8.2x10-2 7.1x10-2 7.1x10-2 7.6x10-2 3.4x10-2 2.5x10-2 1.4x10-2 8.1x10-4 8.4x10-4 

Total 
intake  

0.18 0.83 1.0 1.2 0.81 0.76 0.16 0.11 0.079 0.083 

Abbreviations: N/A, not applicable 
a Estimated intakes of TPHP from ambient air were negligible when using the maximum concentration of TPHP in 
outdoor air (0.0022 µg/m3; Shoeib et al. 2014). No monitoring data of soil in North America were identified. An 
estimated predicted environmental concentration (PEC) for soil representing the worst case scenario (that is, the 
maximum PEC for all the aryl OPs of 2400 ng/g) and a maximum concentration of 46 µg/kg from a soil study for 
commercial areas in China (Cui et al. 2017) were available, but resulted in negligible exposures. 
b Human milk-fed infants are assumed to consume solely human milk for 6 months. No Canadian data on the 
concentration of TPHP in human milk were identified. The maximum concentration of TPHP in human milk of 0.76 
ng/mL (7.6x10-4 µg/g) measured from 100 women in the U.S. (Ma et al. 2019) was used to derive estimates of daily 
intake of TPHP for 0 to 5 month olds and 6 to 11 month olds. The median human milk consumption of 127.95 g/kg 
bw/day for 0 to 6 month olds reported by Arcus-Arth et al. (2005) was used to derive estimates of daily intake for 
exclusively human milk-fed 0 to 5 month olds. Infants 6 to 11 months old were assumed to consume 632 mL of 
human milk per day, in addition to some solid foods (Health Canada 2018a). See the footnote on daily intake from 
food for details on estimates of dietary exposure to TPHP from solid foods for 6 to 11 month olds. 
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c Exclusively formula-fed infants 0 to 5 months old are assumed to consume 826 mL of infant formula per day and 
formula is assumed to be the only dietary source for infants under 6 months (Health Canada 2018a). Formula-fed 
infants 6 to 11 months old are assumed to consume 764 mL of formula per day, in addition to some solid foods 
(Health Canada 2018a). Drinking water is used to reconstitute formula, so, therefore, infants 0 to 5 months and 6 to 
11 months are assumed to consume 826 mL and 764 mL of drinking water per day, respectively. See footnotes on 
daily intake from food for details on estimates of dietary exposure to TPHP from solid foods and on drinking water for 
details on levels of TPHP in water used for estimates for 6 to 11 month olds. Daily intake of powdered formula was 
estimated assuming 9 g of dry formula is reconstituted with 60 mL of water (Abbott Nutrition 2024; Mead Johnson 
Nutrition 2020, 2023). The means of 19.53 and 24.07 ng/g TPHP in powdered stage 1 (for 0 to 6 month olds) and 
stage 2 (for 7 to 12 month olds) formulas, respectively, reported by Chen et al. (2022) were used to derive estimates 
of daily intake for each age group.  
d The 95th percentile indoor air concentration of TPHP (0.0152 µg/m3, from Toronto and Ottawa, ON) (Yang et al. 
2019) was used for deriving upper-bounding estimates of daily intake for indoor air exposure. Canadians are 
assumed to spend 21 hours indoors each day (Health Canada 1998). 
e The maximum estimated aquatic PEC for all the aryl OPs of 2.7 µg/L was chosen as a conservative approach for 
deriving general population intakes of TPHP from drinking water (ECCC, HC 2021). 
f Unless specified otherwise (for example, human milk, powdered formula), refer to Appendix B for details of the 
assessment of dietary exposure to TPHP. For 6 to 11 month olds, dietary exposure from solid foods was assumed to 
be the same as for 1 to 3 year olds; however consumption information for this exposure scenario was based on the 
broader food category “baby food products” which may include infant formula in addition to various infant foods and, 
therefore, may overestimate exposure from solid foods for 6 to 11 month olds. Dietary exposure for adults 19 years of 
age and older was calculated using the dietary exposure to TPHP estimated for 19 to 30 year olds, which may 
overestimate exposure from food for those 31 years of age and older. 
g The highest 95th percentile concentration of TPHP (23,972 ng/g) in the CHILD Cohort Study (Navaranjan et al. 
2021) measured in various Canadian cities was selected for deriving estimates of daily intake for dust exposure.  
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Appendix B. Data used in dietary exposure estimates for 
TPHP 

The food consumption data used in the subject assessment were based on the Food 
Consumption Table (Health Canada 2018b), derived from 24-hour dietary recall survey 
results from the 2015 Canadian Community Health Survey (Statistics Canada 2015). 
Health Canada’s Food and Nutrition Directorate conservatively and deterministically 
estimated single-day mean ‘all persons (AP)’ total dietary exposures by multiplying the 
assumed maximum concentration of a given food category by the mean quantity of that 
food reportedly consumed by each age group. Exposures across food categories for 
each age group were then summed to obtain a mean ‘total’ exposure estimate for TPHP 
at each age group (Table B-2).  

Table B-1. TPHP concentrations applied to each food category used in the dietary 
exposure assessment  

Food Category Used in Dietary Exposure Assessment  

Maximum 
TPHP 

Concentration 
(ng/g) 

Reference 

Pasta, rice, cereal grains & flours; White breads;  
Whole meal breads; Other breads;  
Whole grain, oats and high fibre breakfast cereals;  
Breakfast cereals  

4.55   Wang and Kannan 2018  

Cookies, Biscuits & Granola bars; and  
Cakes, pies, danishes and other pastries, commercial  

1.24 Poma et al. 2017  

Milk; and Creams; Frozen Dairy products 0.15  Wang and Kannan 2018   

Cheeses  0.15  Wang and Kannan 2018   
Yogurts  0.15  Wang and Kannan 2018   
Fats (butter, margarine, vegetable oil, shortening, and 
animal fats)  

0.15  Wang and Kannan 2018   

Beef; Veal; Lamb; Pork, fresh and ham; Chicken, Turkey & 
Other birds; Livers & Liver pates; Sausages (fresh & cured); 
Game meats; and Luncheon meats (canned & cold cuts)  

0.18  Wang and Kannan 2018  

Fish  0.28  Wang and Kannan 2018  
Shellfish  0.15  Wang and Kannan 2018  
Egg  0.17  Poma et al. 2018  

Vegetables (excluding potatoes)  1.00  He et al. 2018  
Potatoes (cooked and fried, incl. potato chips)  1.29  Poma et al. 2018  
Fruits  1.4  Zhao et al. 2019a  

Fruit juices; and Liqueurs  0.0013  He et al. 2018  
Non-alcoholic beverages (soft & fruit drinks, etc.)  0.50  Poma et al. 2017  
Beer  0.0013  He et al. 2018  
Tea; Coffee  0.0013  He et al. 2018  
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Table B-2. Estimated dietary exposure to TPHP 

Age Group, Females & Males (years) Mean ‘All Persons’ Dietary Exposure to 
TPHPa 

(µg/kg bw per day) 

1 to 3 0.64 

4 to 8 0.064 

9 to 13 0.041 

14 to 18 0.027 

19 to 30 0.024 

31 to 50 0.023 

51 to 70 0.021 

71+ 0.021 
a Since consumption figures in the 2015 CCHS Food Consumption Table are on an age-group or age-sex group 
basis, and exposures were summed across age-groups rather than on an individual basis, it is not appropriate to sum 
high percentile consumption figures or high percentile exposures estimates across food categories since they likely 
represent different micro populations. In this regard, upper percentile exposure estimates using upper percentile 
consumption figures were not calculated. 

 

  

Baby food (including infant formula)  423  CFIA 2019 - 2021  
Sugars (white and brown); and Candies, gums, etc.; Jams, 
jellies and marmalade; Other sugars (syrups, molasses, 
honey, etc.); Popsicle, sherbet; Jello, dessert toppings and 
pudding mixes, commercial; and chocolate bars  

0.50  Poma et al. 2017  

Soups with vegetables; and soups without vegetables  2.41  Poma et al. 2018  
Gravies; Sauces (white, béarnaise, soya, tartar, ketchup, 
etc.); and salad dressings (with or without oil)  

0.50  Poma et al. 2017  
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Appendix C. Summary of data for TPHP measured in human 
milk 

Table C-1. Summary of data for TPHP measured in human milk 

Location n 
Detection 
frequency 

Mean Concentration range Study 

USA 100 55% 0.149 ng/mL 
ND (LOQ=0.109 
ng/mL) to 0.760 

ng/mL 

Ma et al. 
2019 

USA  
(Seattle 

area) 
50 61% 

0.0820 
ng/mL 

<0.062 (MDL) to 
0.241 ng/mL 

Zheng et 
al. 2021 

Valencia, 
Spain 

20a NR 
12.3 ng/g lw 
(median=9.9 

ng/g lw) 
17.3 ng/g lw (max) 

Beser et 
al. 2020 

Swedenb 

5 
pooled 

samples 
and 1 
single 
person 
sample 

N/A 
N/A 

(median 8.5 
ng/g lipids) 

5.0 to 11 ng/g lipids 

Sundkvist 
et al. 
2010 

Beijing, 
China 

105c 99% 
13.1 ng/mL 

(median 
1.07 ng/mL) 

87.1 ng/mL (max) 
Chen et 
al. 2021 

Japan, 
Philippines, 

and 
Vietnamd 

87 86%e 

NR 
(medians 
1.4 to 19 
ng/g lw) 

NDf to 140 ng/g lw 
Kim et al. 

2014 

Abbreviations: LOQ, limit of quantification; lw, lipid weight; MDL, method detection limit; N/A, not applicable; ND, not 
detected; NR, not reported 
a Samples were obtained from 14 women aged 30-39. 
b Samples were obtained from 286 women in 4 Swedish towns. Pooled composites of samples collected from 1997 to 
2003 were tested. The highest concentration for a pooled sample was 10 ng/g lipids for 90 women in Uppsala in 
1998. Only one sample collected from one woman in Umeå in 2007 gave a higher level of TPHP in this study, at 11 
ng/g lipids. 
c Samples collected from women aged 25 to 40. 
d Samples from Kanagawa, Japan were mainly collected in urban areas. In the Philippines, samples were collected in 
Malate (an urban area) and Payatas (located near a municipal waste dumping site). In Vietnam, samples were 
collected in Hanoi (a densely populated city) and in Bui Dau and Trang Minh (e-waste recycling sites). 
e The Kim et al. (2014) study reported an overall detection frequency of TPHP in samples of 86% for all locations. 
f The Kim et al. (2014) study reported the MDLs for all substances included in the study as in the range of 0.01 to 
0.08 ng/g lw. 



                     

47 

 

Appendix D. Parameters used to estimate human exposure 
from use of products and manufactured items available to 
consumers 

Products 

Sentinel exposure scenarios were used to estimate the potential exposure to TPHP and 
TBOEP from products available to consumers. Dermal exposure to nail polish, 
lubricants and greases, and paints were estimated using ConsExpo Web (2021) or 
algorithms (see below for more details). Body weights used in the exposure estimates 
are presented in Table A-1. Scenario-specific assumptions are provided in Table D-1. 

Table D-1. Exposure parameter assumptions for dermal scenariosa 

Product (substance) Assumptions 

Top coat (assume 1 coat 
applied to finger- and 
toenails)b 

(TPHP) 

Maximum Concentration of TPHP: 10% 

ConsExpo Web: Dermal – instant application  

Frequency (use/day): per event exposures derived 
Amount on the skin: 70 mg (14+ years) (based on data 
from Ficheux et al. 2014 and Bremmer et al. 2006; 
assume one coat applied to fingernails and toenails) 
Retention factor: 1 

Nail polish (assume 2 
coats applied to finger- 
and toenails)b 

(TPHP) 

Maximum Concentration of TPHP: 15% 
 

ConsExpo Web: Dermal – instant application  

 
Frequency (use/day): per event exposures derived 
Amount on the skin: 160 mg (9+ years), 60 mg (4 to 8 
years) (based on data from Ficheux et al. 2014 and 
Bremmer et al. 2006) 
Retention factor: 1 

Base coat (assume 1 
coat applied to finger- 
and toenails)b 

(TPHP) 

Maximum Concentration of TPHP: 10% 
 

ConsExpo Web: Dermal – instant application  

 
Frequency (use/day): per event exposures derived 
Amount on the skin: 40 mg (14+ years) (based on data 
from Ficheux et al. 2014 and Bremmer et al. 2006) 
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a Dermal absorption of 50% used in all dermal estimates (refer to section 2.4.1.2). 
b Assume exposure does not occur through the nail but only the skin surrounding the nail (Bremmer et al. 2006). 
 

Manufactured Items 

On the basis of the available information, dermal exposure intakes were estimated for 
direct contact with foam-containing mattresses and related manufactured items for all 
age groups and with foam-containing infant or child restraint systems for 0 to 13 year 
olds (includes booster seats). Oral exposure estimates were also derived for 0 to 3 year 
olds from mouthing (sucking) on foam-containing manufactured items intended for 
children, as well as textiles. The exposure parameters and values used to estimate 
exposures are presented below and are on the basis of conservative assumptions. 
Body weights used in the exposure estimates are presented in Table A-1. Limited data 
were identified on the relationship between migration rates from foam and the 
concentrations in foam tested; this aspect could not be quantified for any of the flame 
retardants included herein.  

 

Retention factor: 1 

Nail kit (assume 2 coats 
of activator applied to 
fingernails)b 

(TPHP) 

Maximum Concentration of TPHP: 30% in Activator 
 

ConsExpo Web: Dermal – instant application  

 
Frequency (use/day): per event exposures derived 
Amount on the skin: 80 mg (9+ years), (based on data 
from Ficheux et al. 2014 and Bremmer et al. 2006 for nail 
polish and only applied to fingernails) 
Retention factor: 1 

Lubricants and greases 
(for example, power 
steering fluid) 

(TPHP) 

Concentration of TPHP: 0.1% to 1% (SDS 2017, 2021; 
US EPA 2020b) 
 
Dermal:  
 
Intake = (concentration × surface area × film thickness × 
density × dermal absorption)/body weight 
 
 
Exposed surface area: 6 cm2 (surface area of fingertips of 
fingers and thumb, 19+ years)  
Film thickness: 0.01187 cm (US EPA 2011)  
Density: 0.88 g/cm3 (SDS 2021)  
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Dermal exposure intake estimates: 

Intake (mg/kg-bw/day) = [surface area, SA (cm2) × skin contact factor, SCF × textile 
penetration factor, TPF × migration rate, M (mg/cm2/hr) × exposure duration, ED 
(hr/day) × dermal absorption, DA] / body weight, BW (kg) 

Table D-2. Common parameters used to estimate dermal exposure from lying or 
sitting on foam-containing manufactured items 

Age group 
Surface area of skin 
contacta (SA) (cm2) 

Exposure duration for 
lying on foam-

containing mattresses 
or upholstered 

furnitureb (ED) (hr/d) 

Exposure duration for 
sitting in an infant or 
child restraint system 

(including booster 
seats) (ED)c,d (hr/d) 

0 to 5 months 520 to 1750 12.7 3 

6 to 11 months 668 to 2250 12.7 3 

1 year 753 to 2650 13 3 

2 to 3 years 705 to 3250 11.8 3 

4 to 8 years 922 to 4450 11.25 3 

9 to 13 years 1332 to 6700 10.83 3 

14 to 18 years 1642 to 8600 9.17 n/a 

19+ years 2005 to 9350 8 n/a 
a A range in surface areas (SA) was used to represent dermal contact with mattresses and upholstered furniture while 
only the lower SAs were used to represent dermal contact with the foam/fabric of infant or child restraint systems 
(including booster seats). For the lower SAs used, it was assumed that an individual is wearing shorts and a t-shirt 
that cover half of the limbs. The surface area of exposure is a fraction of the lower half of the limbs (arms and legs) 
and the back of the head. The surface areas of the limbs (Health Canada [modified 2022]) were multiplied by one half 
to account for clothing coverage and then were multiplied by one third to account for the triangular shape of limbs, 
where only one side is directly in contact with the foam-containing manufactured item (US CPSC 2006). The surface 
area of the head (Health Canada [modified 2022]) was multiplied by a factor of 0.5 to represent exposure to the back 
of the head only. For the higher SA used, it was assumed that half of the body was in dermal contact with the 
mattress or upholstered furniture (US EPA 2012). 
b Median sleep times reported in US EPA (2011), Tables 16-25 (0 to 6 months) and 16-26 (all other age groups), 
were used as the exposure durations for lying on foam-containing mattresses or upholstered furniture. 
c An exposure duration of 3 hours per day was selected for sitting in an infant or child restraint system (including 
booster seats) based on the leisure sitting duration reported by the US CPSC (2006) and the highest 95th percentile 
daily time spent in vehicles for children aged <1 year to 11 years in the Canadian Human Activity Patter Survey 2 
(CHAPS 2) (2 hr 50 min for 5 to 11 year olds) (Matz et al. 2014).  
d Infant and child restraint system regulations in Canada vary by province and territory (CPSAC 2019). On the basis 
of relevant age and weight considerations, dermal exposure estimates were derived for various age groups up to and 
including 9 to 13 year olds. 

 

Table D-3. Extrapolation of the rates of migration of TPHP from covered foam 
Parameter TDCPP TBB TPHP 

Water solubility (mg/L) 18.1 0.00282 2.25 

Log Kow
 (dimensionless) 3.69 7.71 4.42 

Rate of migration from 
covered foam (mg/cm2/hr)a 

5.62x10-5 1.97x10-5 

2.45x10-5 b 

4.54x10-5 c 

a The migration rates for TDCPP and TBB were determined in migration studies performed on treated furniture foam 
by the US CPSC (US CPSC 2005). In the study, a furniture mini-seat mock-up consisting of a block of foam covered 
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with cotton fabric and attached to plywood was prepared. The mini-seat was wetted with a saline solution, to mimic 
sweat, and pressure was applied to imitate the action of sitting. The migration rates of TDCPP and TBB were 
determined on the basis of the reported maximum daily amount extracted for each substance (8 and 2.8 µg, 
respectively) onto a filter paper (5-cm diameter) over the course of the migration testing period (6 hours) (US CPSC 
2005). 
b Calculated on the basis of plotting a straight line between water solubilities and migration rates for TDCPP and TBB 
with equation y = (2×10-6) × water solubility + 2×10-5 
c Calculated using differential equations on the basis of TDCPP and TBB migration rates, water solubilities, and log 
Kow values using the equation migration rate = x (log of water solubility) + y (log Kow). For TDCPP this is 0.0000562 
mg/cm2/hr = x (1.26) + y (3.69) and for TBB this is 0.0000197 = x (-2.55) + y (7.71). Solving for x and y results in: x = 
0.0000188 and y = 0.0000088. For TPHP, migration rate = 0.0000188 (log of water solubility) + 0.0000088 (log Kow) = 
0.0000188 (0.35) + 0.0000088 (4.42) = 4.54 × 10-5 mg/cm2/hr.  

Table D-4. Extrapolation of the rates of migration of TBOEP from uncovered foam 
Parameter TDCPP TCEP TBOEP 

Water solubility (mg/L) 18.1 7820 1670 

log Kow
 (dimensionless) 3.69 1.78 3.81 

Rate of migration from covered foam 
(mg/cm2/hr)a 

0.00297 0.0207 0.00624b 
0.0143c 

a The migration rates for TDCPP and TCEP were determined in migration studies performed on treated furniture foam 
by the Danish EPA (2015) as reported by ECHA (2018). The migration rates of TCEP and TDCPP were determined 
using children’s products (that is, infant or child restraint systems, baby slings, baby mattresses) by submerging 
pieces of foam from these products (usually with some of the fabric covering included in the samples) in sweat 
simulant and incubating them at 37°C for 3 hours (Danish EPA 2015). The migration rate for TDCPP used here is the 
average of the rates found across all samples for this flame retardant while the migration rate for TCEP was from a 
single item (ECHA 2018).  
b Calculated on the basis of plotting a straight line between water solubilities and migration rates for TDCPP and 
TCEP with equation y = (2×10-6) × water solubility + 0.0029 
c Calculated using differential equations on the basis of TDCPP and TCEP migration rates, water solubilities, and log 
Kow values using the equation migration rate = x (log of water solubility) + y (log Kow). For TDCPP this is 
0.00297 mg/cm2/hr = x (1.26) + y (3.69) and for TCEP this is 0.0207 = x (3.89) + y (1.78). Solving for x and y results 
in: x = 0.0059 and y = -0.0012. For TBOEP, migration rate = 0.0059 (log of water solubility) – 0.0012 (log Kow) = 
0.0059 (3.22) – 0.0012 (3.81) = 1.43 × 10-2 mg/cm2/hr.  

Table D-5. Parameters used to estimate exposures from lying or sitting on foam-
containing manufactured items 

Parameter TPHP TBOEP 

Skin contact factora (SCF) 1 1 

Textile penetration factorb (TPF) N/A 0.1 

Migration ratec (M)  
(mg/cm2/hr) 

2.45×10-5 to 4.54×10-5 6.24×10-3 to 1.43×10-2 

Dermal absorption (DA) 50%d 100%e 
Abbreviations: N/A, not applicable 
a No substance-specific skin contact factors, that is, the fraction of substance on a surface adhering to skin, were 
identified in the literature for TPHP or TBOEP. A value of 1 was therefore selected for both substances, with the 
implicit assumption that all of the chemical in contact with the skin is available for absorption. 
b A textile penetration factor (TPF) was not applied for TPHP since the migration rates used for extrapolation were 
found using covered foam samples (see Table D-3). A TPF was applied for TBOEP to account for the migration rates 
used for extrapolation (that is, TDCPP and TCEP) being determined using uncovered foam (see Table D-4). No 
substance-specific textile penetration data were identified in the literature. A value of 0.1 (Driver et al. 2007 as cited in 
ECHA 2018) was therefore used for the TPF for TBOEP. 
c Refer to Tables D-3 and D-4 for derivation of migration rates.  
d Dermal absorption of TPHP was adjusted to 50% (refer to section 2.4.1.2). 
e Dermal absorption of TBOEP was assumed to be 100% (refer to section 3.4.1.1). 
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Oral exposure intake estimates:  

Intake (mg/kg bw/day) = (SA (cm2) × M (mg/cm2/hr) × ED (hr/day)) / BW (kg) 

It is assumed that TPHP and TBOEP are completely absorbed through the oral route 
and that a textile covering on a foam object would not affect migration. The estimated 
migration rates for TPHP were extrapolated from experimental data from covered foam 
(see Table D-3), therefore the migration rates were divided by a textile penetration 
factor (TPF) of 0.1 (see Table D-4) when estimating oral exposure. For TBOEP, the 
estimated migration rates were extrapolated from experimental data from uncovered 
foam (see Table D-4), therefore no adjustment was necessary to account for a textile 
cover. 

Table D-6. Common parameters used to estimate oral exposure from mouthing 
foam-containing children’s products 

Age Group Surface area moutheda (SA) 
(cm2) 

Exposure durationb (ED) 
(min/d) 

0 to 5 months 10 24.5  

6 months to 3 years 10 to 50  24.5  
a Surface area of object that is mouthed estimated to range from 10 to 50 cm2 based on information from U.S. CPSC 
2006 and US EPA 2012. For 0 to 5 month olds, a single value of 10 cm2 was assumed given their smaller size and 
limited ability to move around. 
b The mouthing duration of 24.5 min/d for children’s foam products such as nap mats, infant and child restraint 
systems, and small furniture was based on the highest mean duration for “other objects” (for 6 to 9 month olds) in 
Norris and Smith (2002) [cited in U.S. EPA (2011)]. 

 
 


