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Synopsis
Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA), the
Minister of the Environment and the Minister of Health have conducted a screening
assessment on 2-propanol, 1-chloro-, phosphate (3:1), hereinafter referred to as TCPP,
Chemical Abstracts Service Registry Number (CAS RN) 13674-84-5, and 2-propanol,
1,3-dichloro-, phosphate (3:1), hereinafter referred as TDCPP, CAS RN 13674-87-8.
TCPP and TDCPP are part of the Certain Organic Flame Retardants (OFR) Substance
Grouping, which includes ten organic substances having similar function: application to
materials to slow the ignition and spread of fire. These two substances were identified
as a priority for assessment based on other human health concerns. A draft screening
assessment for TCPP and TDCPP was published in October 2016. Significant new
information subsequently became available regarding exposure to products available to
consumers, specifically foam products containing flame retardants such as TCPP and
TDCPP. As a result, the draft assessment was updated and is presented here.
TCPP and TDCPP are discrete organic chemicals that do not occur naturally in the
environment. According to information identified from a survey issued under section 71
of CEPA, there is no manufacturing of either TCPP or TDCPP in Canada. Both
substances were predominantly imported into Canada as pure substances or in
manufactured items. The total import volumes in 2011 ranged from 1 000 000 to
10 000 000 kg of TCPP, and 100 000 to 1 000 000 kg of TDCPP.
TCPP is used as an additive flame retardant for manufacturing of building or
construction materials in Canada (e.g., polyurethane spray foam insulation), and is
contained in imported products of polyurethane spray foam insulation with the same
functional use. TCPP is also imported into Canada in manufactured items containing
flexible polyurethane foam (e.g., in upholstered furniture and mattresses) and as a
textile waterproofing spray intended for consumer use. Available information indicates
the potential for migration of flame retardants from foam objects.
TDCPP is used as an additive flame retardant in the manufacturing of flexible
polyurethane foam in Canada (used in manufactured items such as upholstered
furniture and mattresses). The substance is imported as a pure substance and in
commercial products and products available to consumers with the same functional use.
TCPP is highly soluble in water and has a low octanol-water partition coefficient, while
TDCPP possesses moderate water solubility and octanol-water partition coefficient.
Both substances have a low vapour pressure and do not dissociate in water. Empirical
studies indicate that neither substance is rapidly biodegradable. Both substances are
considered to be very stable in water, sediment and soil, but not air (gas phase). Based
on findings from environmental sampling studies, TCPP and TDCPP have been found
to be associated with particulates in air where they are considered to be very persistent.
Both substances have been detected in air samples over the Arctic areas in Canada
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and Europe and are considered to have potential for long-range transport when
adsorbed to aerosols.
Potential environmental releases of TCPP and TDCPP are from industrial activities
(during their blending with a polyol) and from use of commercial products and products
available to consumers. Releases from industrial activities are expected to primarily
enter water via wastewater treatment systems. Based on physical and chemical
properties, TCPP will partition to water, with insignificant amounts partitioning to
sediments. On the other hand, TDCPP may be found in both sediment and water to
some extent. Unlike TCPP, which is expected to remain predominantly dissolved in
effluents, TDCPP, given its greater propensity to adsorb to solids, is likely to be found
adsorbed to wastewater treatment system biosolids, which ultimately may be applied to
soils. Emissions from manufactured items, commercial products, and products available
to consumers are expected to enter the environment through air or dust, and ultimately
settle in surface water and soil. However, it is expected that releases to the environment
via this route are minimal and diffuse.
As would be expected based on the physical and chemical properties of TCPP and
TDCPP, laboratory studies have reported low bioconcentration factors and rapid
metabolism for these two substances, indicating that both substances have a limited
potential to accumulate in aquatic biota. Significant exposure in higher trophic level
organisms through the food chain is not expected for TCPP and TDCPP. Rapid
excretion of biotransformation products in the mammalian studies suggests that
metabolites are also unlikely to bioaccumulate.
Empirical ecotoxicity data have been identified for both substances. TCPP has
demonstrated moderate toxicity to aquatic organisms and terrestrial plants; while
TDCPP has shown considerably higher toxicity to aquatic organisms including effects
on the endocrine system in fish. Additional sub-lethal effects (i.e., neurotoxicity and
genetic effects in birds) are also noted in both in vivo and in vitro studies. Data for
endpoints from in vitro studies which show linkage to organism level effects have been
considered in the risk assessment for these two substances.
Considering the environmental fate and available toxicity data for these two substances,
risk quotient analyses were conducted in the aquatic compartment for TCPP and in the
aquatic, sediment and soil compartments for TDCPP. Outcomes from the risk quotient
analyses indicate that the risk associated with exposure of organisms to these two
substances due to releases from industrial uses and products available to consumers is
low at current predicted levels of release.
Considering all available lines of evidence presented in this updated draft screening
assessment, there is low risk of harm to the environment from TCPP or TDCPP. It is
therefore proposed to conclude that TCPP and TDCPP do not meet the criteria under
paragraphs 64 (a) or (b) of CEPA as they are not entering the environment in a quantity
or concentration or under conditions that have or may have an immediate or long-term
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harmful effect on the environment or its biological diversity or that constitute or may
constitute a danger to the environment on which life depends.
On the basis of available information on concentrations in environmental media and
results from a survey under section 71 of CEPA, the general population is expected to
be exposed to TCPP and TDCPP from environmental media (air, water, dust), from food
and during the use of products available to consumers containing this substance (i.e., in
products such as spray foam and waterproofing products and manufactured items such
as foam-containing furniture and mattresses).
On the basis of the available information on health effects of TCPP, the critical effects
for characterization of risk to human health are reproductive and developmental effects.
The margin of exposure between estimates of exposure to TCPP from environmental
media (air, water, dust) and food (including breast milk) as well as use of spray
insulation foam or sealant and waterproofing sprays, and the critical effect levels are
considered to be adequate to address uncertainties in the health effects and exposure
databases. The margins of exposure between estimates of exposure resulting from
prolonged skin contact with certain manufactured items containing TCPP, such as
foam-containing upholstered furniture and mattresses, and the critical effect levels are
considered potentially inadequate to account for uncertainties in the exposure and
health effect databases.
On the basis of available information and classifications by other international regulatory
agencies, critical effects for characterization of the risk to human health from exposure
to TDCPP are carcinogenicity and non-cancer effects on the kidneys and testes.
Tumours were observed in multiple organ sites, including kidney and liver in both sexes,
testes (in males) and adrenal gland (in females) in a two-year carcinogenicity study in
rats. Results of genotoxicity tests were mixed in vitro and mostly negative in vivo.
The margins of exposure between estimates of exposure to TDCPP from environmental
media (air, water, dust) and food (including breast milk), and the critical effect levels for
cancer and non-cancer effects are considered to be adequate to address uncertainties
in the health effects and exposure databases. The margins of exposure between
estimates of exposure resulting from prolonged skin contact with manufactured items
containing TDCPP, such as foam-containing upholstered furniture and mattresses, and
the critical effect levels for cancer and non-cancer effects are considered potentially
inadequate to account for uncertainties in the exposure and health effects databases.
On the basis of the information presented in this updated draft screening assessment, it
is proposed to conclude that TCPP and TDCPP 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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It is therefore proposed to conclude that TCPP and TDCPP meet one or more of the
criteria set out in section 64 of CEPA. It is also proposed that TCPP and TDCPP meet
the persistence criteria but not the bioaccumulation criteria as set out in the Persistence
and Bioaccumulation Regulations of CEPA.
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1. Introduction
Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA) (Canada 1999), the Minister of the Environment and the Minister of Health
conduct screening assessments of substances to determine whether these substances
present or may present a risk to the environment or to human health.
The Substance Groupings Initiative is a key element of the Government of Canada’s
Chemicals Management Plan (CMP). The Certain Organic Flame Retardant Substance
Grouping consists of ten substances identified as priorities for action as they met the
categorization criteria under section 73 of CEPA or were considered as a priority on the
basis of ecological or human health concerns (Environment Canada, Health Canada
2007). All of these substances have a similar function: the application to materials to
slow the ignition and limit the spread of fire. Also, these substances are potential
alternatives for other flame retardants which are presently subject to regulatory controls
or phase-out globally or in Canada.
This draft screening assessment focuses on two substances in the Certain Organic
Flame Retardants Substance Grouping: 2-propanol, 1-chloro-, phosphate (3:1) (CAS
RN 13674-84-5) or TCPP and 2-propanol, 1,3-dichloro-, phosphate (3:1) (CAS RN
13674-87-8) or TDCPP. These substances are considered in one screening
assessment on the basis of similarity in chemical structure and other assessment
parameters. Both substances were identified as a priority for assessment on the basis
of other human health concerns.
A draft screening assessment for TCPP and TDCPP was published in October 2016
(ECCC, HC 2016). It proposed that TCPP was harmful to human health and met the
criteria under paragraph 64(c) but not harmful to the environment and that TDCPP was
not harmful to human health or the environment. Significant new information on the
dermal exposure to foam products subsequently became available as a result of
consultations with the European Chemicals Agency (ECHA) on their “Screening report –
An assessment of whether the use of TCEP, TCPP and TDCP in articles should be
restricted” published in 2018. Following further consultation with other jurisdictions, the
dermal exposure to foam products was re-examined and an updated scenario was
adopted. On the basis of this information, an updated draft assessment was presented
here.
This updated draft screening assessment includes consideration of information on
physical and chemical properties, quantity, uses, exposure, hazards, including
additional information submitted by stakeholders. Relevant data were identified until
1

July 2018 for both the ecological and human health components of this assessment.
Targeted literature searches were conducted up to February 2019 for human health
component of this assessment. Key studies were critically evaluated and, along with the
use of modelled results, were used to reach conclusions. When available and relevant,
information presented in risk and hazard assessments from other jurisdictions was
considered.
This updated draft screening assessment was prepared by staff in the Existing
Substances Programs at Health Canada and Environment and Climate Change Canada
(ECCC) and incorporates input from other programs within these departments. The
ecological and human health portions of this assessment have undergone external
written peer review and consultation. Comments on the technical portions relevant to
the environment were received from Jon Arnot at Arnot Research and Consulting,
Miriam Diamond at University of Toronto, and Andy Wang at ICL IP. Comments on the
technical portions relevant to human health were received from Cathy Petito Boyce,
Leslie Beyer, Chris Long and David Mayfield from Gradient Corp and from Risk
Assessment Division, Office of Pollution Prevention and Toxics, US Environmental
Protection Agency (US EPA). Additionally, the initial draft of this screening assessment
was subject to a 60-day public comment period. Some human health portions of this
assessment have undergone an additional targeted external written peer consultation.
Comments were received from Richard Manderville at the University of Guelph,
Mohamed Abou-Elwafa Abdallah at the University of Birmingham, and Kebede K.
Kefeni at the Tshwane University of Technology. While external comments were taken
into consideration, the final content and outcome of the updated draft screening
assessment remain the responsibility of Health Canada and Environment and Climate
Change Canada.
This updated draft screening assessment focuses on information critical to determining
whether substances meet the criteria as set out in section 64 of CEPA by examining
scientific information and incorporating a weight of evidence approach and precaution 1.
This updated draft screening assessment presents the critical information and
considerations on which the proposed conclusions are based.

1A

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 based on the criteria contained in section 64 of CEPA does not preclude actions being taken
under other sections of CEPA or other Acts.
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2. Substance identity
The substance identities of TCPP and TDCPP, two chlorinated alkyl phosphate esters,
are presented in Table 2-1. A list of additional chemical names and trade names of
these two substances can be found in the National Chemical Inventories (NCI 2013).

Table 2-1. Substance identities of TCPP and TDCPP
CAS RN
Chemical group
(DSL Stream)
Chemical
formula

13674-84-5 (TCPP)
Organics

13674-87-8 (TDCPP)
Organics

C9H18Cl3O4P

C9H15Cl6O4P

O=P(OC(CCl)C)(OC(CCl)C)OC(
CCl)C
327.57 g/mol

O=P(OC(CCl)CCl)(OC(CCl)CCl
)OC(CCl)CCl
430.91 g/mol

Chemical
structure

SMILESa string
Molecular mass
a

Simplified Molecular Input Line Entry System.

2.1 Isomers of TCPP and TDCPP
TCPP is manufactured from the reaction of phosphorous oxytrichloride with propylene
oxide in the presence of a catalyst (UNEP 1999; WHO 1998). After removal of acidic
impurities and residual catalyst, the final product, also referred to as TCPP, may consist
of four chain isomers of TCPP (including another three CAS RNs 76025-08-6, 7664915-5, 6145-73-9). The composition is dominated by TCPP (up to 85%), with the balance
composed by the other three chain isomers in varying amounts based on commercial
products provided by different suppliers.
The chemical names and structures of the three chain isomers of TCPP are illustrated
in Table 2-2.
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Table 2-2. Chemical structures of the three chain isomers of TCPP
CAS RN
Chemical
name

76025-08-6
Bis(1-chloro-2-propyl)2-chloropropyl
phosphate

76649-15-5
Bis(2-chloropropyl)-1chloro-2-propyl
phosphate

6145-73-9
Tris(2-chloropropyl)
phosphate

Chemical
structure

Studies cited in this assessment on TCPP were carried out using the commercial
products of TCPP. TCPP and its chain isomers have demonstrated very similar
chromatographic properties and are difficult to separate (EU RAR 2008a). Predicted
physical and chemical properties by a (quantitative) structure-activity relationship
((Q)SAR) model (EPI Suite v4.1) differ only to a very small extent (ECCC 2019). For the
purpose of this assessment, it is assumed that all these chain isomers have identical
physical-chemical and hazard properties. Given that the differences in the isomer
contents of the commercial products of TCPP would not affect the physical and
chemical properties and the toxicity profile of TCPP, it is considered that data reported
in studies that were carried out using the commercial products of TCPP (i.e., a mixture
of chain isomers) are valid for assessing TCPP.
TDCPP is produced by the reaction of phosphorus oxychloride with epichlorohydrin
(WHO 1998). Tris(2,3-dichloro-1-propyl) phosphate (CAS RN 78-43-3) is an isomer of
TDCPP; however, there has been no report of this isomer identified in the commercial
products of TDCPP.

2.2 Selection of analogues and use of (Q)SAR models
Guidance on the use of a read-across approach and (Q)SAR models for filling data
gaps has been prepared by various organizations such as the Organisation for
Economic Co-operation and Development (OECD). These methods have been applied
in various regulatory programs including the European Union’s (EU) Existing
Substances Programme. In this assessment, a read-across approach using data from
analogues and the results of (Q)SAR models, where appropriate, have been used to
inform the ecological and human health assessments. Analogues were selected that
were structurally similar and/or functionally similar to substances within this grouping
(e.g., based on physical-chemical properties, chemical structures, and toxicokinetics),
and that had relevant empirical data that could be used to read-across to substances
5

that were data poor. The applicability of (Q)SAR models was determined on a case-bycase basis.
Details of the read-across data and (Q)SAR models chosen to inform the ecological and
human health assessments of TCPP and TDCPP are further discussed in the relevant
sections of this report.
In general, for the ecological risk assessment, TCPP and TDCPP are used as
analogues of each other when there is a lack of data for certain ecological endpoints. A
read-across approach is applied where available empirical information for one
substance is considered suitable to fill a data gap for the other substance. No additional
analogues were used in the ecological risk assessment. (Q)SAR models are used for
predicting environmental fate, persistence and bioaccumulation potential. Outcomes
from these models are considered additional lines of evidence for assessing TCPP and
TDCPP, with the relative weight assigned being dependent on reliability of the methods
and results.
In the human health risk assessment, TDCPP and tris(2-chloroethyl)phosphate (TCEP)
were considered qualitative analogues for assessing the carcinogenic potential of TCPP
as no long-term or carcinogenicity studies of TCPP were identified (more details are
available in Health Canada 2015a). The identity of TCEP is presented in Table 2-3. In
addition, several statistics-based (Q)SAR models were used to assess the
carcinogenicity potential of TCPP (more details are available in Health Canada 2015a).
Table 2-3. Analogue identity
Substance
CAS RN

Substance name

Molecular
Weight
(g/mol)

115-96-8

tris(2chloroethyl)phosphate
(TCEP)

285.49

Empirical
Structure/Molecular Formula

C6H12Cl3O4P
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3. Physical and chemical properties
Experimental data for physical and chemical properties of TCPP and TDCPP have been
identified via literature searches and data submissions.
It is noted that there are multiple values reported for certain physical and chemical
properties of TCPP and TDCPP (ECCC 2019). Upon data review and evaluation of
experimental details and quality, one value was selected for characterizing each
physical and chemical property (Table 3-1 and Table 3-2). These selected values are
further applied in modelling in the assessment.

3.1 TCPP
Table 3-1. Physical and chemical properties for TCPP
Property

Type

Value

Melting point
(ºC)

Experimental

<-20

Boiling point
(ºC)

Experimental

-

Density
(kg/m3)

Experimental

288
(boil with
decompositio
n)
1.29 × 103

Vapour pressure
(Pa)

Experimental

0.0014

25

Henry’s Law
constant
(Pa·m3/mol)
Log Kow
(dimensionless)

Calculated

4.45 × 10-4

25

Experimental

2.68

Not specified

Log Koc
(dimensionless)

Experimental

2.76

-

Log Koa
(dimensionless)
Water solubility
(mg/L)

Modelled

9.43

-

Experimental

1080

20

7

Temperature
(°C)
-

20

Reference
SafePharm
Laboratories
2002a
SafePharm
Laboratories
2002a
SafePharm
Laboratories
2002a
SafePharm
Laboratories
2002b
HENRYWIN 2011

SafePharm
Laboratories
2002c
SafePharm
Laboratories
2002c
KOAWIN 2010
SafePharm
Laboratories
2002c

Abbreviations: Koc, organic carbon-water partition coefficient; Kow, octanol-water partition coefficient; Koa, octanol-air
partition coefficient.

A dissociation model (ACD/pKaDB c1997–2012) did not identify any dissociable
functional group; TCPP is a neutral organic.

3.2 TDCPP
Table 3-2. Physical and chemical properties for TDCPP
Property

Type

Value

Melting point
(ºC)

Experimental

<-20

Temperature
(°C)
-

Boiling point
(ºC)

Experimental

326

-

Density
(kg/m3)

Experimental

1513

20

Vapour pressure
(Pa)

Experimental

5.6 × 10-6

25

Henry’s Law constant Calculated
(Pa·m3/mol)
Log Kow
Experimental
(dimensionless)

1.33 × 10-4

25

3.69

20

Log Koc
(dimensionless)

Experimental

3.25

Not specified

Log Koa
(dimensionless)
Water solubility
(mg/L)

Modelled

10.96

-

Experimental

18.1

20

Reference
SafePharm
Laboratories
2002d
SafePharm
Laboratories
2002d
SafePharm
Laboratories
2002d
SafePharm
Laboratories
2002e
HENRYWIN 2011
SafePharm
Laboratories
2002e
Wildlife
International
2006a
KOAWIN 2010
SafePharm
Laboratories
2002f

Abbreviations: Koc, organic carbon–water partition coefficient; Kow, octanol–water partition coefficient; Koa, octanol-air
partition coefficient.

A dissociation model (ACD/pKaDB c1997-2012) did not identify any dissociable
functional group for this substance; TDCPP is a neutral organic.
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4. Sources and uses
TCPP and TDCPP are not naturally occurring in the environment. Sources of TCPP and
TDCPP include industrial activities and use of products containing TCPP or TDCPP.
In 2013, TCPP and TDCPP were included in a notice issued pursuant to section 71 of
CEPA for the Certain Organic Flame Retardants Substance Grouping (Canada 2013),
aiming to identify the current sources and uses of these substances in Canada.
According to responses to this notice, there is no manufacture of either TCPP or
TDCPP in Canada; however, imports to Canada totalled 1 000 000 to 10 000 000 kg for
TCPP and 100 000 to 1 000 000 kg for TDCPP in 2011, with most as neat substances
and a small portion in commercial products or products available to consumers (ECCC
2013-2014).
Both TCPP and TDCPP are included in the United States Environmental Protection
Agency (US EPA) Chemical Data Access Tool (CDAT). The most recent data are
available for 2012, reporting a national production volume of approximately 55 million
lbs (approximately 25 000 000 kg) for TCPP, and 10 to 50 million lbs (approximately
4 500 000 to 22 500 000 kg) for TDCPP (US EPA 2012a). A couple of major
international manufacturers of TDCPP recently discontinued their production of this
substance (ECCC 2013-2014); however their reasons for doing so are unknown.
Information on use quantities of TCPP and TDCPP in Nordic countries is available up to
year 2011 (SPIN 2013). TCPP has been used in all four Nordic countries (Denmark,
Finland, Norway, and Sweden) in the latest 5 years and the total use quantities in these
four countries ranged from 1 050 000 to 1 994 000 kg from 2007 to 2011. TDCPP has
been used in some Nordic countries between 2007 and 2011; however, information on
the use quantity remains confidential.
Information on the manufacturing and/or import quantity for both substances in Japan
was available for recent years, 5 000 000 kg (reported as 5000 tonnes) in 2010 and at
7 000 000 kg (reported as 7000 tonnes) in 2011 for TCPP, and < 1 000 000 kg (reported
as < 1000 tonnes) in 2010 and 2011 for TDCPP (J-CHECK c2010-).
According to data submissions in response to the notice issued pursuant to section 71
of CEPA for the Certain Organic Flame Retardants Substance Grouping (ECCC 20132014), TCPP is used as an additive flame retardant in Canada. It is mixed with other
ingredients to manufacture building or construction materials (e.g., rigid polyurethane
spray foam and foam board for insulation); it is also contained in imported products
(e.g., rigid polyurethane spray foam) with the same functional use (ECCC 2013-2014).
In addition, this substance is imported into Canada in manufactured items containing
flexible polyurethane foam (e.g., furniture and mattresses) (ECCC 2013-2014; CEH
2013a,b; Stapleton et al. 2011); it has also been reported as a textile waterproofing
spray intended for consumer use (SDS 2014).
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TDCPP has been used as an additive flame retardant in Canada for manufacturing
flexible polyurethane foam (used in furniture, mattresses and seating) (ECCC 20132014).
As additive flame retardants, these two substances are not chemically bound to the
polymer in the finished products.
TCPP and TDCPP are not permitted for use as food additives, nor have they been
identified as being used/present in formulations of food packaging materials or as
incidental additives (2013 email from Food Directorate, Health Canada, to Risk
Management Bureau, Health Canada; unreferenced). TCPP and TDCPP are not listed
in the Drug Product Database (DPD [modified 2017]), the Therapeutic Products
Directorate's internal Non-Medicinal Ingredient Database, the Natural Health Products
Ingredients Database (NHPID [modified 2017]) or the Licensed Natural Health Products
Database (LNHPD [modified 2016]) as a medicinal or a non-medicinal ingredient
present in final pharmaceutical products, natural health products or veterinary drugs
(2013 email from Therapeutic Products Directorate, Natural Health Products Directorate
and Veterinary Drugs Directorate, Health Canada, to Risk Management Bureau, Health
Canada; unreferenced). Based on notifications submitted under the Cosmetic
Regulations to Health Canada, TCPP and TDCPP are not used in cosmetic products in
Canada (2013 emails from the Consumer Product Safety Directorate, Health Canada, to
the Existing Substances Risk Assessment Bureau, Health Canada; unreferenced).
Internationally, TCPP and TDCPP are used as flame retardants and plasticizers
(Sundkvist et al. 2010). TCPP and TDCPP are also used in textile (i.e., upholstery)
backcoating formulations in the Unites States and Europe (US CPSC 2005 a,b; EU
RAR 2008b; Danish EPA 2014). While there is no confirmed textile use in Canada,
TCPP and TDCPP have been measured in the upholstery of furniture purchased in
Canada (CEC 2015). TDCPP is also used as a lacquer, paint and glue (Sundkvist et al.
2010).

5.

Releases to the environment

Anthropogenic releases to the environment depend upon various losses occurring
during the manufacture, industrial use, consumer/commercial use, service life and
disposal of a substance. Releases of TCPP and TDCPP to the Canadian environment,
due to the substance’s use as a flame retardant, are expected to be diffuse, with some
point sources (e.g., from industrial facilities).
Direct emissions of TCPP and TDCPP to air are not expected. Releases of TCPP and
TDCPP to the aquatic environment occur during the industrial use stages. According to
information identified in Canada (ECCC 2013-2014), TCPP and TDCPP are used as
additive ingredients in the process of manufacturing polyurethane foams. Releases from
industrial activities are expected to happen via their blending with a polyol during
manufacturing processes. Wastewater from the industrial manufacturing facilities may
10

receive treatment on-site before it enters wastewater treatment systems2 (WWTS)
nearby. From there, TCPP and TDCPP may be released to surface water and may
partition to sediment. Having a high water solubility and moderate log KOC, TCPP is not
expected to appreciably partition to biosolids during wastewater treatment, and the
pathway leading to TCPP soil exposure due to the application of biosolids is therefore
considered unlikely. On the other hand, TDCPP, with a higher log KOC and lower water
solubility, has a greater propensity to partition to solids and may reside to some extent
in sediment and biosolids from wastewater treatment systems. Due to partitioning to
biosolids, exposure to TDCPP in soils would be expected due to land application of
biosolids.
As additive flame retardants that are blended with the polymer product (rather than a
reactive flame retardant chemically bonded to the polymer product), there is the
possibility for some release of TCPP and TDCPP from products available to consumers
to the environment (Guerra et al. 2011), likely to the air and directly to dust. Such
emissions can result in atmospheric deposition to soil and water. When found in
household dust, substances may end up going through the wastewater treatment
systems via routine household cleaning activities. Overall, releases from products are
expected to be geographically dispersed and spread out over the duration of the service
life and end-of-life of these products.
Release information presented above is used to further develop exposure scenarios to
estimate resulting environmental concentrations (see Section 7.2).

6. Environmental fate and behaviour
6.1 Environmental distribution
The environmental fate for a substance describes the processes by which it moves and
is transformed in the environment. In this section, some general characteristics of TCPP
and TDCPP will be discussed with respect to its environmental fate in different
compartments in an effort to understand how organisms come into contact with the
substances in a particular medium, the persistence of the two substances in the
environmental compartments, degradation, and distribution among media.

In this assessment, the term “wastewater treatment system” refers to a system that collects domestic,
commercial and/or institutional household sewage and possibly industrial wastewater (following discharge
to the sewer), typically for treatment and eventual discharge to the environment. Unless otherwise stated,
the term wastewater treatment system makes no distinction of ownership or operator type (municipal,
provincial, federal, indigenous, private, partnerships). Systems located at industrial operations and
specifically designed to treat industrial effluents will be identified by the terms “on-site wastewater
treatment systems” and/or “industrial wastewater treatment systems”.
2
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TCPP and TDCPP are expected to be released from industrial activities to wastewater
and undergo migration from use of products to the air and dust.
Based on physical and chemical properties (Table 3-1 and Table 3-2), the
environmental fates of TCPP and TDCPP were predicted using Level III fugacity
modelling (EQC 2011) assuming steady-state emissions to air, water and soil. The
Level III EQC model assumes non-equilibrium conditions between environmental
compartments, but equilibrium within compartments. The results (Table 6-1 and Table
6-2) represent the net effects of chemical partitioning, inter-media transport and loss by
both advection (out of the modelled region) and degradation/transformation processes,
i.e., relative steady-state distribution in the physical environmental compartments.
According to the EQC model, TCPP and TDCPP demonstrate similar environmental
fate and distribution. Regardless of the environmental medium to which they are
released, there is negligible distribution to air, but significant distribution to water and
soil compartments, depending on the release scenario. Because of its considerably
lower water solubility and higher KOC, partitioning to sediment is greater for TDCPP in
comparison to TCPP. It is noted that the model is not able to account for the association
with particulates in the atmospheric compartment; therefore the prediction of negligible
partitioning in air differs from the environmental monitoring data identified for TCPP and
TDCPP.
Table 6-1. Results of the Level III fugacity modelling for TCPP (EQC 2011)
Substance
released to
Air (100%)
Water (100%)
Soil (100%)

Partitioning in
air (%)
Negligible
Negligible
Negligible

Partitioning in
water (%)
8.8
99.7
7.9

Partitioning in
soil (%)
91.2
Negligible
92.0

Partitioning in
sediment (%)
Negligible
0.3
Negligible

Table 6-2. Results of the Level III fugacity modelling for TDCPP (EQC 2011)
Substance
released to
Air (100%)
Water (100%)
Soil (100%)

Partitioning in
air (%)
Negligible
Negligible
Negligible

Partitioning in
water (%)
1.6
94.6
1.0

Partitioning in
soil (%)
98.3
Negligible
99.0

Partitioning in
sediment (%)
0.1
5.4
0.1

6.1.1 Long-range transport potential (LRTP)
The analysis of environmental fate by the EQC model has shown that, when TCPP and
TDCPP are released to air, negligible fractions will remain in air, with most partitioning
to soil. As a result, in air it is expected that both TCPP and TDCPP will mainly partition
to suspended particulates. This has been confirmed by air monitoring in Ontario which
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has shown that TCPP and TDCPP are predominantly found in particle phase (Shoeib
and Jantunen 2013; Shoeib et al. 2014). While there are a few models available for
predicting LRTP (e.g., TaPL3, OECD Pov and LRTP Screening Tool), these models do
not consider substance associated with the particle phase and would thus be
considered to underestimate overall transport potential to remote locations.
In particulate phase, empirical evidence supports a high degree of persistence for TCPP
and TDCPP. Liu et al. (2014a) examined hydroxyl- (OH-) initiated oxidation in air of
(NH4)2SO4 particle-associated 3 organophosphate flame retardants. Keeping the OH
radical concentration at a steady state in the experiment, pseudo first-order reactions
are assumed. The half-life was estimated as 7.6–9.7 days for TDCPP, derived from the
lifetime of 11–14 days reported in the study (Liu et al. 2014a). In another study using a
different reference compound, Liu et al. (2014b) reported the half-lives of TDCPP in
both gas phase and particle phase. The half-life of this substance in the particle phase
was determined to be up to 5.6 days (extrapolated from the lifetime as 8.1 days), which
is longer than that determined for the gas phase (the half-life at 1.3 days, extrapolated
from the lifetime at 1.9 days) (Liu et al. 2014b).
Although TCPP was not included in the Liu et al. studies (2014a, b), based on structural
similarity with TDCPP and other phosphate esters that were the subject of these
studies, the particle phase half-life of TCPP for OH oxidation is expected to be similar to
that of TDCPP.
Findings of Liu et al (2014a, b) are in agreement with the environmental data suggesting
that particle-bound TCPP and TDCPP are highly persistent in the atmosphere with
regard to OH radical oxidation. In particle phase, long-range atmospheric transport of
these substances is supported based on measured air concentrations, particularly those
from remote locations. Specifically TCPP and TDCPP were detected along with 4 other
organophosphate flame retardants (OPFRs) in the North Sea air, predominantly
adsorbed to airborne particles (Moller et al. 2011). Both were also found in airborne
particles over the Northern Pacific and Indian Ocean toward the Polar Regions (Moller
et al. 2012) and at a European Arctic site (Salamova et al. 2014a). In Canada, TCPP
and TDCPP were found in air samples collected in the Great Lakes atmosphere
(Salamova et al. 2014b) and the Canadian Arctic (Jantunen et al. 2013a) (ECCC 2019).

6.2 Environmental persistence
Based on monitoring studies, TCPP and TDCPP in air are predominantly associated
with particles. When adsorbed to particles, both TCPP and TDCPP are expected to be
highly persistent in air.
Empirical and modelled biodegradation data consistently indicate that both TCPP and
TDCPP are stable in the environment and slow to degrade. Hydrolysis is not expected
for either TCPP or TDCPP under the environmental conditions in Canada.
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Several biodegradation studies were identified for TCPP and TDCPP. The findings
suggest no rapid ready biodegradation of either substance in water; however, there is
inherent biodegradation observed. The available (Q)SAR models predict slow
biodegradation of both substances. Details are discussed below.

6.2.1 Degradation in air
AOPWIN (2010) has been used to estimate the half-life of an organic substance in the
gaseous phase. For TCPP and TDCPP, the model predicts very short half-lives (i.e., 2.9
and 7.1 hours, respectively) based on atmospheric oxidation; however, as these
substances are expected to be associated with suspended particulates in air, these
predictions are not considered useful for the assessment. AOPWIN does not take into
account the association of organophosphate esters with particulates in air, which
demonstrate some resistance to oxidation of OH radicals. In addition, AOPWIN is not
able to predict reaction of TCPP and TDCPP with photo-oxidative species like O3 in the
atmosphere, and it cannot simulate the impact of direct photolysis (AOPWIN 2010). Due
to these limitations, the AOPWIN model is not considered for use to assess degradation
of these substances in air.
Weight of evidence is thus given to the measured half-lives obtained from the laboratory
experiments of Liu et al. (2014a, b; half-life of 5.6 – 9.7 days for TDCPP), which is more
relevant to their observed presence in the Canadian environment. Given the chemical
similarity of TCPP to TDCPP and observed presence of TCPP adsorbed to atmospheric
particulates, both TCPP and TDCPP are expected to demonstrate resistance to the OHinitialized oxidation, and therefore not degrade rapidly in air.

6.2.2 Hydrolysis
Hydrolysis of TCPP and TDCPP has been studied under a variety of pHs and
temperatures (Akzo Nobel 2001a). Those findings are summarized in Table 6-3 and
Table 6-4 below.
TCPP was tested at 50ºC and under three different pH conditions (pH=4, 7, and 9)
(Akzo Nobel 2001a). At the end of this 5-day study, less than 1% of decrease in the
concentration of the test substance was observed in all test groups. Results indicate
that there is no significant hydrolysis of TCPP under the environmentally relevant pH
conditions (6–9).
Table 6-3. Hydrolysis of TCPP (Akzo Nobel 2001a)
Percentage (%)
of hydrolysis
<1

Test period
(day)
5

Test condition
(pH)
pH=4, 7 and 9

14

Test condition
(temperature)
50ºC

Extrapolated
half-life
> 1 year

Similarly to TCPP, TDCPP showed no loss to hydrolysis at 50oC and pH=4 and 7 over a
5-day study; however, at pH=9, a 6% and 16% hydrolysis of TDCPP were observed on
days 2 and 4, respectively (Akzo Nobel 2001b). In a longer test of hydrolysis for 30
days, the substance was further tested at pH=9 at 20ºC and 40ºC (Akzo Nobel 2001b).
Losses of 3.9% and 44.5% due to hydrolysis were observed at the end of the
experiment. The findings suggest that hydrolysis of TDCPP is not significantly expected
at typical environmental conditions (pH=6‒9 and temperature=5–25ºC).
Table 6-4. Hydrolysis of TDCPP (Akzo Nobel 2001b)
Test period
(day)
5
5
5
30
30

Test condition
(pH and temperature)
pH=4, 50ºC
pH=7, 50ºC
pH=9, 50ºC
pH=9, 20ºC
pH=9, 40ºC

Percentage (%) of
hydrolysis
No significant hydrolysis
No significant hydrolysis
16%
3.9%
44.5%

Extrapolated
half-life
>1 yr
>1 yr
14.7 d
120 d
28 d

Considering the available empirical evidence, it is very unlikely that the rates of
hydrolysis of both TCPP and TDCPP at environmentally relevant considerations are fast
enough to have any influence on their environmental levels.

6.2.3 Biodegradation
Several studies have investigated the biodegradation of TCPP and TDCPP. The
reported values of degradation endpoints are summarized in Table 6-5 and Table 6-6
below. (Q)SAR models were also used to provide additional lines of evidence for
assessing degradation of these two substances.
6.2.3.1 TCPP
According to empirical data, TCPP does not rapidly biodegrade (Table 6-5) and does
not meet criteria for ready biodegradation (ECCC 2019).
Some inherent biodegradability has been shown for TCPP. In a prolonged closed bottle
test under aerobic conditions, activated sludge was aerated for one week prior to the
start of the test in which TCPP was present at 4 mg/L (Akzo Nobel 2002). Degradation
started on day 21 based on measurement of oxygen consumption and reached 13% on
day 28, indicating no rapid biodegradation of the test substance.
In a semi-continuous activated sludge study, TCPP was added to the activated sludge
under aerobic conditions (Akzo Nobel 2001c). The substance was completely removed
at the end of the 9-week study. Thus, TCPP was considered to be inherently
biodegradable (Akzo Nobel 2001c).
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In another study of inherent biodegradability, 21% degradation of TCPP was observed
at the end of a 28-day exposure to activated sludge (SafePharm 1996). According to a
study summary, there seems an acclimation period of around 13 days at the start of the
test, followed by rapid degradation over three days (up to 13%) and then a period of
slow degradation, although it had reached a total of 21% degradation by the end of the
28-day exposure. No details are available to further evaluate findings in this study
(SafePharm 1996).
Table 6-5. Empirical biodegradation data for TCPP
Fate Process

Test
Method
inoculums
Biodegradation
Activated
Equivalent to
(ready
sludge
OECD 301C,
biodegradability)
MITI test
Biodegradation
Activated
Not specified
(ready
sludge
biodegradability)
Biodegradation
Activated
OECD 301E
(ready
sludge
biodegradability)
Biodegradation
Activated
USEPA
(ready
sludge
TSCA
biodegradability)
796.3100
Biodegradation
Activated
EPA OPPTS
(inherent
sludge
835.3200
biodegradability)
Biodegradation
Activated
OECD 302A;
(inherent
sludge
EEC Directive
biodegradability)
87/302; ISO
TC 147
Biodegradation
Activated
Not specified
(inherent
sludge
biodegradability)

Degradation result

Reference

28-day degradation =
0%

MITI 1992

28-day BOD=6%
28-day TOC=2%

J-CHECK
c2010-

28-day degradation=
14%
(DOC removal)
28-day CO2 O-day
28-day DOC ≤ 18.3 %

Bayer 1991a

28-day BOD = 13%
50-day BOD = 60%
84-day BOD = 100%
100% removal in the
end of 9 weeks

28-day degradation =
21%
(O2 consumption)

ABC
Laboratories
1993
Akzo Nobel
2002
Akzo Nobel
2001c

SafePharm
1996

Abbreviations: BOD, biological oxygen demand; TOC, total organic carbon.

6.2.3.2 TDCPP
Empirical data suggest that TDCPP does not biodegrade rapidly (Table 6-6). In general,
the substance has a slower rate of biodegradation than TCPP, presumably due to
chlorine replacing methyl groups. Reported values from the laboratory studies are all
below the criteria for ready biodegradation (ECCC 2019).
Degradation of TDCPP was also studied in water collected from 2 rivers and 2 coastal
areas in Japan (Hattori et al. 1981) under aerobic conditions. TDCPP was reported to
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degrade by 18.5% in water from Oh River and 22% in sea-water from Osaka Bay after
14 days.
In an inherent biodegradation study, no degradation was observed at the end of 28 days
(SafePharm Laboratories 1996a). It is noted that there was no acclimation period used
in the study, and therefore, the outcome is not considered suitable to draw any
conclusion with respect to biodegradation.
Table 6-6. Empirical data for biodegradation of TDCPP
Fate Process
Biodegradation
(ready
biodegradability)
Biodegradation
(ready
biodegradability)
Biodegradation
(ready
biodegradability)
Biodegradation
(inherent
biodegradability)
Biodegradation
(anaerobic)
Biodegradation

Biodegradation

Test
Method
inoculums
Domestic
OECD 301B
sludge
OECD 301D

Degradation result

Reference

28-day degradation =
0%
(CO2 evolution)
28-day BOD = 1%

Life Science
Research
1990
J-CHECK
c2010-

Activated
sludge

Not specified

Not
specified

OECD 301C
OECD 302C

28-day BOD = 0–4%

CITI 1992

Activated
sludge

OECD 302C

Anaerobic
sludge

Not specified

28-day degradation =
0%
(O2 consumption)
60-day degradation =
0%
(chloride release)
7-day degradation =
0–12.5%
14-day degradation =
0–22%
122-day degradation
= 2.7–5.5%
(CO2 evolution)

SafePharm
Laboratories
1996a
van Ginkel
2005

Open
water from
Japan

Molybdenum
blue
colorimetric
method
Natural soil OECD 307

Hattori et al.
1981

Wildlife
International
2005a

Abbreviation: BOD, biological oxygen demand.

(Q)SAR-based modelling (Environment Canada 2007) was also performed in order to
provide additional lines of evidence for characterizing the biodegradation of TCPP and
TDCPP. In summary, results for all of the BIOWIN biodegradation sub-models (BIOWIN
Sub-models 3, 5, and 6) indicate no rapid biodegradation for TCPP and TDCPP; in
addition, the ultimate degradation predictions from CPOPs (2012) indicate no rapid
biodegradation (ECCC 2019).
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6.2.4 Degradation in soil and sediment
One study was identified that investigated degradation of TDCPP in natural soil (Wildlife
International 2005a). The substance was applied to the soil surface and the soil
samples were incubated at 20 ± 2 oC for 17 weeks. At the end of the study, very little
degradation (2.7-5.5% CO2 evolution) was reported (Wildlife International 2005a).
No additional experimental studies were found for the biodegradation of TCPP in soil or
sediment or the biodegradation of TDCPP in sediment. Available modelling is limited for
these two compartments. Therefore, an extrapolation ratio of 1:1:4 for water: soil:
sediment biodegradation half-life based on Boethling et al. (1995) was applied. Given
that the half-lives of TCPP and TDCPP in water are long and likely greater than 182
days (based on results in biodegradation studies summarized in Table 6-6), it follows
that the half-life of TCPP in soil is expected to be greater than 182 days and the halflives of TCPP and TDCPP in sediments are expected to be greater than 365 days. Both
TCPP and TDCPP are likely to persist in soil and sediment.

6.2.5 Metabolism of TCPP and TDCPP
TCPP and TDCPP have been reported to undergo rapid metabolism in organisms.
While data are available indicating metabolic transformation pathways in rats, the
pathway in aquatic organisms remains unclear.
In the training set of BCFBAF (2010), there are data for screening level whole body
primary biotransformation half-lives (day) and rate constants (kM d-1) of discrete
chemicals in fish calculated according to the method of Arnot et al. (2008a and 2008b).
Empirical in vivo biotransformation half-life estimates for a 10 g fish are 0.05 and 0.30
days for TCPP and TDCPP, respectively. QSAR predicted half-lives in a 10 g fish are
0.14 and 0.41 days for TCPP and TDCPP, respectively (EPI Suite 2000–2012). The in
vivo and in silico estimates are in very good agreement with each other for both
chemicals. Available evidence suggests that primary biotransformations for TCPP and
TDCPP are relatively fast in fish; however, the metabolic intermediates were not
specified. In a recent avian study, bis(1,3-dichloro-2-propyl) hydrogen phosphate
(BDCPP, CAS RN 72236-72-7) was confirmed to be a metabolic intermediate of
TDCPP (Farhat et al. 2014).
Rapid metabolism of TCPP and TDCPP has also been reported in toxicokinetics studies
using rodents (see sections 8.2.1.2 and 8.2.2.3 for details). One study on TCPP found
that an average of 89% of the administration dose of this substance by oral or
intravenous means were eliminated within 72 hours after the treatment. A major
metabolite was identified as 0,0-[bis(1-chloro-2-propyl)]-0-(2,propionic acid)phosphate
and was found to account for over 50% of the dose (Stauffer Chemical Co. 1984). In a
toxicokinetic study on TDCPP, recovery of radioactivity 168 hours after administration
was 43.2% in urine, 39.2% in feces, 16.24% in expired air (as carbon dioxide) and
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2.51% in carcass (Minegishi et al. 1988). The major metabolite was a BDCPP, a diester
of TDCPP (Lynn et al. 1981).
The rapid metabolism of TCPP and TDCPP suggests a low potential for accumulation in
organisms (discussed further in next section). Concomitantly, this rapid metabolism
results in the formation of potentially stable metabolites.

6.3 Potential for bioaccumulation
Based on measured bioconcentration factors (BCFs), empirical data suggest low
bioconcentration potential for TCPP and TDCPP in aquatic biota. As there are no
available empirical bioaccumulation factor (BAF) data for TCPP or TDCPP, (Q)SAR
models were used to generate estimates and the resulting modelled BAFs are low.
Considering these low BAFs and the rapid biotransformation rates for these substances,
biomagnification of TCPP and TDCPP through the food web is unlikely, and exposure to
higher trophic level organisms are expected to be lower than exposure to lower trophic
level organisms.

6.3.1 Bioaccumulation in aquatic organisms
Empirical BCFs in aquatic organisms have been identified for TCPP and TDCPP and
low BCFs have been reported for both substances (Table 6-7).
In a study using a static water test system, absorption and elimination of 4
organophosphate flame retardants (including TDCPP) was investigated (Sasaki et al.
1981). Absorption of TDCPP was observed in the Killifish and Goldfish at a similar rate,
according to measured concentrations in the test water; however the bioconcentration
was reported to be much higher in Killifish than in Goldfish. Findings suggest a
difference in metabolic activity for TDCPP in these two species (Sasaki et al. 1981). The
half-life for elimination of TDCPP in killifish is 1.65 hours (WHO 1998).
Table 6-7. Empirical bioconcentration factor (BCF) of TCPP and TDCPP in fish
Substance

Test organism

TCPP

Carp
Cyprinus carpio
Carp
Cyprinus carpio
Carp
Cyprinus carpio
Carp
Cyprinus carpio

TCPP
TDCPP
TDCPP

Exposure concentration
and duration
0.2 mg/L for 6 weeks

BCF
(L/kg)
0.8–2.8

Reference

0.02 mg/L for 6 weeks

<1.9–4.6

CITI 1992

0.02 mg/L for 6 weeks

0.3–3.3

CITI 1992

0.002 mg/L for 6 weeks

<2.2–22

CITI 1992
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CITI 1992

Substance

Test organism

TDCPP

Killifish
Oryzias latipes
Killifish
Oryzias latipes
Killifish
Oryzias latipes

TDCPP
TDCPP

Exposure concentration
and duration
0.3–1.2 mg/L for 96 hours
(static)
0.04–0.4 mg/L for 72–144
hours (continuous)
0.04–0.08 mg/L for 30–32
days (continuous)

BCF
(L/kg)
31–59
31–46
49–59

Reference
Sasaki et al.
1982
Sasaki et al.
1982
Sasaki et al.
1982

MITI (Japan) also assessed bioconcentration for TCPP and TDCPP (J-CHECK c2010-).
Both substances were determined as "not high bioconcentration" under the Chemical
Substances Control Law in Japan (J-CHECK c2010-); however, no further details were
provided in the database.
(Q)SAR models were used to provide additional lines of evidence for characterizing
bioconcentration potential for TCPP and TDCPP. Outcomes from models (BCFBAF and
CPOPs) have not indicated any high BCFs (see Table 6-8).
Table 6-8. BCF predictions for TCPP and TDCPP
Substance
TCPP

Test organism
Fish

TCPP
TDCPP

Fish
Fish

TDCPP

Fish

Endpoint and value
BCF = 13.26 L/kg
(middle trophic level fish)
BCF = 3.79 L/kg
BCF = 111.6 L/kg
(middle trophic level fish)
BCF = 4.52 L/kg

Reference
BCFBAF 2010
CPOPs 2012
BCFBAF 2010
CPOPs 2012

BAF is also considered for assessing the bioaccumulation potential for TCPP and
TDCPP.
BAF is measured under field conditions as the ratio of the whole body burden of a
chemical taken up from all exposures to that of the ambient water concentrations.
Measures of BAF are the preferred metric for assessing the bioaccumulation potential of
substances because they incorporate chemical exposures from all routes including the
diet, which predominates for substances with log KOW> ~4.0 (Arnot and Gobas 2003).
No empirical BAF data were found for either TCPP or TDCPP. Considering log KOW
values of 2.68 for TCPP and 3.69 for TDCPP, accumulation through dietary uptake is
not expected to be a relatively important process for these substances. The available
(Q)SAR models were used to estimate this endpoint and estimates of BAFs are
equivalent to BCFs for both substances (Table 6-9).
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Table 6-9. BAF predictions for TCPP and TDCPP
Substance
TCPP

Test organism
Fish

TDCPP

Fish

Endpoint and value
BAF = 13.26 L/kg
(middle trophic level fish)
BAF = 111.7 L/kg
(middle trophic level fish)

Reference
BCFBAF 2010
BCFBAF 2010

The low bioaccumulation potential predicted for TCPP and TDCPP are in agreement
with the low BCFs, the rapid biotransformation and low lipid (octanol) partitioning
tendency of these two substances in aquatic organisms. As mentioned above,
biotransformation half-lives of both substances are calculated to be shorter than 0.5 day
in fish, based on empirical primary transformation rate constants (kM) (Table 6-10).
Hence, biomagnification through the food webs is unlikely, and exposure to higher
trophic level organisms is expected to be lower than exposure to lower trophic level
organisms.
Table 6-10. Primary biotransformation rate constants (kM) from the training set
and corresponding half-lives for a 10 g fish (BCFBAF 2010)
Substance Experimental kM (/day)
TCPP
14.12
TDCPP
2.29

Biotransformation half-life(day)
0.05
0.30

BCF (L/kg)
8
12

6.3.2 Bioaccumulation in terrestrial plants
Eggen et al. (2013) conducted a study to investigate uptake and translocation of
chemicals (including TCPP and another two organophosphate esters, TCEP and tributyl
phosphate (TBP)) in food and forage crops. Barley (Hordeum vulgare), Wheat (Triticum
aestivum), Oilseed Rape (Brassica rapa), Meadow Fescue (Festuca pratense), and four
cultivars of carrot (Daucus carota) were exposed to treated soil (TCPP at the measured
concentration of 0.72 mg/kg dw) for 17 weeks. At the end of the study, higher
concentrations of TCPP were found in leaves and roots, but lower concentrations in
seeds, compared to the exposure concentration in the treated soil (ECCC 2019). The
highest concentration factor was up to 25.6 (in leaves of Meadow Fescue), suggesting
no significant accumulation of TCPP in plants.

6.3.3 Bioaccumulation potentials for metabolites
There has been no study identified to investigate bioaccumulation potentials for
metabolites of TCPP and TDCPP in organisms; however, the findings in fish and
mammalian studies on parent compounds have provided some indirect evidence (see
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sections 8.2.1.2 and 8.2.2.3 for details on metabolism in mammals). Regardless that the
transformation products of TCPP and TDCPP may be somewhat different in fish and
mammals, elimination of two substances and their transformation products from
organisms is rapid, suggesting that metabolites of TCPP and TDCPP have low
bioaccumulation potentials.

7. Potential to cause ecological harm
7.1 Ecological effects assessment
Empirical effects data suggest that TCPP possesses a considerably lower toxicity than
TDCPP with respect to survival and growth of organisms. Effects on the endocrine
system have been observed only for TDCPP in fish. Effects of both substances on
enzyme activities and the transcription of genes associated with a variety of biological
functions have been observed in cell assays but to different extents. The difference in
the overall toxicity between the two substances may be due to the higher chlorination in
TDCPP.
Key studies are discussed in the following sections, while details are presented in
ECCC (2019). Data for endpoints of survival, growth or development of test organisms
with relevance to the environmental exposure in Canada were considered in the risk
characterization.

7.1.1 Toxicity to aquatic organisms
Acute toxicity data for TCPP and TDCPP are available for all three major taxa (fish,
crustaceans and algae), while chronic toxicity data are available for crustaceans and
algae (ECCC 2013-2014). In addition to in vivo studies, in vitro studies have examined
effects on cells and gene transcription, in order to understand the mechanism of their
effects on the endocrine system.
7.1.1.1 Effects of TCPP on aquatic organisms
TCPP has demonstrated moderate toxicity to aquatic organisms. The 24–96 hour
EC50s/LC50s range from 13.5–180 mg/L for three major taxa (fish, crustaceans and
algae). The chronic toxicity studies are only available for crustaceans and algae with no
observed effect concentrations (NOECs) ranging from 6–32 mg/L. The substance is
considered as a narcotic substance and not having strong potential for DNA or protein
binding.
Regarding genotoxicity, the majority of in vitro data identified have reported negative
findings in cell assays, while some assays were inconclusive or ambiguous with respect
to genotoxicity of TCPP (ECHA c2007-2015). In addition, findings from rat studies
suggest that this substance has not induced chromosomal or DNA damage (ECHA
c2007-2015).
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Liu et al. (2012) conducted a study to investigate effects of six organophosphate flame
retardants, including TCPP and TDCPP, on the endocrine system in zebrafish (Danio
rerio). The first part of the study measured: 1) the concentrations of sex hormones and
the transcriptions of key genes involved in steriodogenesis; and, 2) the binding affinity to
estrogen receptors. TCPP demonstrated a weaker effect in cell assays, as the lowest
concentration (1 mg/L) of TCPP affecting 17β-estradiol (E2) and testosterone (T) in
H295 cells were two orders of magnitude greater than the lowest concentration of
TDCPP (0.01 mg/L) at which level comparable effects were observed. Therefore, TCPP
was not further investigated for its potential effects on the endocrine system of zebrafish
(Liu et al. 2012).
7.1.1.2 Effects of TDCPP on aquatic organisms
TDCPP exhibits considerably greater toxicity (exerting the same effect/response at
lower exposure concentrations) to aquatic organisms than TCPP, likely due to the
higher chlorination of this substance. For TDCPP, the 24–96 hour EC50s/LC50s range
from 1.1–39 mg/L for all three taxa.
Effects on development and reproduction of test organisms have been observed after
long-term exposure to TDCPP. In the second phase of Liu et al. (2012), after exposure
to TDCPP for 14 days, plasma E2 and T concentrations in adult zebrafish significantly
increased in both male and female fish exposed at a concentration of 1 mg/L. Plasma
11-ketotestosterone (11-KT) concentration significantly decreased at 0.04 mg/L and
above in male fish; however, there was no significant change associated with female
fish in any test concentration groups. Significant effects on related gene transcriptions
(cytochrome P450 (CYP)17, CYP19A, and vitellogenin (VTG) 1) in fish gonads and liver
were observed only in the 1 mg/L concentration group in both male and female fish, with
an additional significant downregulation of VTG at 0.2 mg/L in female fish (Liu et al.
2012). However, there was no information on semen production and density in male fish
reported in this study (Liu et al. 2012) (Table 7-1).
Table 7-1. Hormonal effects of a 14-day exposure to TDCPP on adult zebrafish
(Liu et al. 2012)
Endpoint
E2 in plasma
T in plasma
11-KT in plasma

Gene transcriptions
in gonad and liver

No effect concentration
(mg/L)
0.2 mg/L (both male and
female)
0.2 mg/L (both male and
female)
0.04 mg/L (male)
No effect at all test
concentrations (female)
0.2 mg/L (male)
0.04 mg/L (female)
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Lowest effect concentration
(mg/L)
1 mg/L (both male and female)
1 mg/L (both male and female)
0.04 mg/L (male)
No effect at all test
concentrations (female)
1 mg/L (male)
0.2 mg/L (female)

Abbreviations: E2, 17β-estradiol; T, testosterone; 11-KT, 11-ketotestosterone.

Wang et al. (2013) studied the effect of TDCPP on the thyroid endocrine system in
zebrafish embryos. Test organisms were exposed to different concentrations of TDCPP
(0.01 to 0.6 mg/L) from 2 hours post fertilization to 144 hours post fertilization.
Developmental endpoints, whole-body concentrations of thyroid hormones and
transcriptional profiles of genes in the hypothalamic-pituitary-thyroid (HPT) were
examined (see Table 7-2). A significant effect on hatching rate and survival rate was
observed in the test organism with exposure at 0.6 mg/L. A significant incidence of
malformation was observed at an even lower concentration at 0.3 mg/L. Besides its
effects on development endpoints, the whole body thyroxine (T4) and triiodothyronine
(T3) concentrations were significantly lower in fish exposed to the substance at
concentrations of 0.05 and 0.3 mg/L, respectively. Ten genes involved in the HPT axis
of zebrafish embryos/larvae were also studied; mRNA expression was affected in 8 of
these genes by exposure to TDCPP at or above 0.1 mg/L (Wang et al. 2013).
Table 7-2. Effects of a 14-day exposure to TDCPP on the thyroid endocrine
system in zebrafish embryos (Wang et al. 2013)
Endpoint
Hatching rate
Survival rate
Heart rate
Body weight
Malformation
T4 concentration
T3 concentration
mRNA expressions
of 10 genes

No effect
concentration (mg/L)
0.3
0.3
0.05
0.01
0.01
0.01
0.1
0.05

Lowest effect concentration (mg/L)
0.6 (a significantly lower hatching rate)
0.6 (a significantly lower survival rate)
0.1 (a significantly lower heart rate)
0.05 (a significantly lower body weight)
0.3 (a significantly higher incidence of
malformation rate, spinal curvature)
0.05 (significantly lower)
0.3 (significantly higher)
0.1 (a significant up-regulation)

Abbreviations: T4, thyroxine; T3, triiodothyronine.

In a chronic study, thyroid hormone homeostasis and neuronal development was
studied in the progeny of adult zebrafish exposed to TDCPP for 3 months (Wang et al.
2015a) (Table 7-3). Effects on the overall development of the first generation (F1)
zebrafish larvae, thyroid hormone levels, expression of genes associated with the
nervous system were measured. In general, no significant effect has been observed at
the concentration of 0.004 mg/L (Wang et al. 2015a).
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Table 7-3. Effects of a 3-month exposure to TDCPP on the thyroid endocrine
system and developmental neurotoxicity in zebrafish embryos (Wang et al. 2015a)
Endpoint
Hatching rate
Malformation
Survival rate
Body weight
F0 T4 concentration
F0 T3 concentration
Eggs T4
Eggs T3
F1 5-dpf T4
F1 5-dpf T3
F1 10-dpf T4
F1 10-dpf T3
5 genes associated
with the nervous
system
4 neurotransmitter
concentrations in
TDCPP-exposed F1
larvae
Locomotor activity

No effect
concentration (mg/L)
0.004
0.02
0.004
0.02
0.004
0.02
0.02
0.1
0.02
0.01
0.004
0.02
0.004

Lowest effect concentration (mg/L)

0.004

0.02 (a significant lower concentration)

0.02

0.1 (a significantly slower swimming
speed)

0.02 (a significantly lower hatching rate)
0.1 (a significantly higher incidence)
0.02 (a significantly lower survival rate)
0.1 (a significantly lower body weight)
0.02 (significantly lower)
0.1 (significantly lower)
0.1 (significantly lower)
Not applicable
0.1 (significantly lower)
Not applicable
0.02 (significantly lower)
0.1 (significantly lower)
0.02 (a significant downregulation)

Abbreviations: F0, adult fish; F1, first generation; T4, thyroxine; T3, triiodothyronine; dpf, day post
fertilization.

In a longer term study, zebrafish larvae were exposed to TDCPP at 0, 0.004, 0.02, and
0.1 mg/L for 6 months (Wang et al. 2015b) (Table 7-4). Developmental parameters were
recorded at 5 days post fertilization (dpf) for the first generation (F1). The hatching,
survival rates and growth were not significantly changed in the F1 derived from the
exposed F0 fish; however, there was a significant increase in the incidence of
malformation in F1 embryos derived from parents exposed to 0.02 and 0.1 mg/L
TDCPP. In adult fish (F0), there were no significant differences in survival rates;
however, decreased body weight was observed at the lowest concentration at 0.004
mg/L with additional growth parameters affected at or above 0.2 mg/L.
Table 7-4. Effects of a 6-month exposure to TDCPP on the endocrine system and
reproductive effects in zebrafish embryos (Wang et al. 2015b)
Endpoint
Body weight (F0)

No effect
concentration (mg/L)
Not applicable
25

Lowest effect concentration (mg/L)
0.004 (a significantly lower body weight)

Endpoint
Length
Weight/length ratio
(F0)
Gonad weight/body
weight (F0)
Hatching (F1)
Survival (F1)
Malformation (F1)
Egg production
Plasma estradiol
(E2) and
testosterone (T) in
female fish
Plasma estradiol
(E2) and
testosterone (T) in
male fish
4 gene transcription
levels in brain
4 gene transcription
levels in liver
9 gene transcription
levels in gonad

No effect
concentration (mg/L)
0.1
0.004

Lowest effect concentration (mg/L)

0.02 (male)
0.004 (female)

0.1 (male) (a significantly lower ratio)
0.02 (female) (a significantly higher
ratio)
Not applicable
Not applicable
0.02 (a significant incidence)
0.02 (a significant lower production)
0.02 (a significantly higher
concentration)

0.1
0.1
0.004
0.004
0.004

Not applicable
0.2 (a significantly lower ratio)

0.1

Not applicable

Not applicable

0.004 (1 within 4 gene expressions
assessed)
0.02 (1 within 4 gene expressions
assessed)
0.004 (1 within 9 gene expressions
assessed)

0.004
Not applicable

Abbreviations: F0, adult fish.

In another long term study on TDCPP with the similar experimental design, zebrafish
larvae were exposed to TDCPP at 0, 0.004, 0.02, and 0.1 mg/L for 6 months (Wang et
al. 2015c) (Table 7-5). No effect on the overall development of the fish embryos/larvae
was reported. In addition to effects on certain gene expression parameters,
concentrations of two neurotransmitters were found much lower in female fish brain in
all test groups; however, concentrations of those two neurotransmitters were not
affected in male fish brain at any test concentration. The acetylcholinesterase activity
(as a biomarker for the presence of neurotoxicants) and locomoter activity was not
affected in all adult fish at any test concentration.
Table 7-5. Effects of a 6-month exposure to TDCPP on the endocrine system and
reproductive effects in zebrafish embryos (Wang et al. 2015c)
Endpoint
Development
(hatching,

No effect
concentration (mg/L)
0.1
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Lowest effect concentration (mg/L)
Not applicable

Endpoint
malformation,
survival, weight)
5 gene expression in
the nervous system
of zebrafish larvae
5 gene expression in
the nervous system
of zebrafish adult
fish
α1-tubulin in fish
brain

No effect
concentration (mg/L)

Lowest effect concentration (mg/L)

0.02

0.1 (a significantly up-regulation for 1
within 5 genes assessed)

0.004

0.02 (a significantly down-regulation)

0.004 (female)
0.02 (male)

0.02 (female)
0.1 (male) (a significantly lower
production)
0.02 (female) (a significantly lower
production)
Not applicable for male
0.004 (a significantly lower
concentration)

Myelin basic protein
in fish brain

0.004 (female)
0.1 (male)

Dopamine and
serotonin in female
fish brain
Dopamine and
serotonin in male
fish brain
Acetylcholinesterase
activity in adult fish
Locomoter activity

Not applicable

0.1

Not applicable

0.1

Not applicable

0.1

Not applicable

In a study by Liu et al. (2013) investigating effects of TDCPP on zebrafish
embryos/larvae, there was no change in either 72-hour post hatching rate or the 120hour post hatching survival rate in test organisms with an exposure of the substance at
4 mg/L or lower. No malformation was observed when exposed to 2 mg/L TDCPP,
which was the highest concentration used in the second part of this study (Liu et al.
2013). In addition, TDCPP was determined to affect expression of mRNAs involved in
six receptor-centred gene networks at a very low concentration (0.02 mg/L).
In a study to assess overt toxicity and behavior in early life stage of zebrafish (Danio
rerio), the test organisms were exposed to 0.033-100 µM TCPP and TDCPP from 0 to 5
days post fertilization (dpf) (Dishaw et al. 2014). Significant mortality and severe
malformation were observed by 6 dpf in fish exposed to TDCPP at a concentration of 10
µM (equivalent to 4.3 mg/L); however, there was no mortality or teratogenicity in TCPP
exposed fish. Larval swimming activity was used to evaluate neurobehavioral effects.
Larvae exposed to TCPP (100 µM, equivalent to 33 mg/L) were hyperactive in light;
although their swimming ability was not impaired as exhibited by normal activity during
the dark period. TDCPP elicited hyperactivity during both the light (5.6 µM, equivalent to
2.41 mg/L) and dark periods (3.14 µM, equivalent to 1.35 mg/L) in the test organisms.
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In a 28 day chronic Daphnia magna study, Li et al. (2015) found fewer offspring (34) at
the highest treatment concentration (0.00645 mg/L) vs. the control group (39 offspring)
(read from a figure). Effects on body length in both F0 and F1 generations of test
organisms were also observed. A 28-day EC10 = 0.0065 mg/L was determined, based
on mentioned toxicity endpoints. Expressions of 155 genes involved in 40 pathways
were examined, showing that expressions of 57 genes involved in 30 pathways were
significantly altered On the basis of expression change by at least 50% on at least three
genes, 9 out of these 30 pathways were determined to be altered, including a pathway
relevant to thyroid hormone synthesis. In the same study, effects on the reproduction of
test organisms were reported.
In another chronic fish study (Zhu et al. 2015), total eggs per female were significantly
fewer than those in the control group, when exposed to TDCPP at a concentration as
0.0063 mg/L after 21 days. This effect was correlated with expression of genes in the
ovary. Effects on weight and body length were also observed, but only in females’
organisms after 120 days of exposure. There was no significant change in gonad
histology or concentrations of 11-ketotestosterone and 17β-estradiol (Zhu et al. 2015).
Overall, the available studies show that chronic exposure to TDCPP impacts
transcription of genes associated with a variety of biological functions (e.g., protein
synthesis and the production of thyroid hormones). Further elucidation of the pathway of
adverse outcomes is required to clarify what molecular initiation could trigger
subsequent key events and ultimately cause organ- or organism-level changes.
7.1.1.3 Selection of critical toxicity value for aquatic organisms
Key aquatic toxicity studies are summarized in Table 7-6 for consideration in choosing a
critical toxicity value for both substances.
Table 7-6. Key aquatic toxicity studies considered in choosing a critical toxicity
value for water
Substance

Test Organism

Endpoint

TCPP

Rice fish
Oryzias latipes
Fathead Minnow
Pimephales
promelas
Zebrafish embryos
Danio rerio
Bluegill
Lepomis
macrochirus

48-hour LC50

TCPP

TCPP
TCPP

96-hour LC50

Value Reference
(mg/L)
54.2
ECHA
c2007-2017
51
Mobil 1985

96-hour LC50

13.5

96-hour LC50

84
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Du et al.
2015
ECHA
c2007-2017

Substance

Test Organism

Endpoint

TCPP

Rainbow fish
Poecilia reticulata
Freshwater Algae
Pseudokirchneriella
subcapitata
Freshwater Algae
Desmodesmus
subspicatus
Invertebrate
Daphnia magna

96-hour LC50

21-day NOEC
(reproduction,
parental
mortality)
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Freshwater algae
Selenastrum
capriconutum
Goldfish
Carassius auratus
Rainbow Trout
Oncorhynchus
mykiss
Rich fish
Oryzias latipes
Freshwater Algae
Pseudokirchneriella
subcapitata
Freshwater algae
Desmodesmus
subspicatus

96-hour
NOEC

6

24-hour LC50

1-5

96-hour LC50

1.1

96-hour LC50

3.6

72-hour EC50
(growth rate)

4.6

72-hour
NOEC
(growth rate
and biomass)
6-day survival

> 10

TCPP

TCPP

TCPP

TCPP

TDCPP
TDCPP

TDCPP
TDCPP

TDCPP

TDCPP
TDCPP
TDCPP

TDCPP

Zebrafish
Danio rerio
Zebrafish
Danio rerio
Zebrafish
Danio rerio
Invertebrate
Daphnia magna

72-hour EC50
(growth rate)
72-hour EC50

Value Reference
(mg/L)
30
ECHA
c2007-2017
88
Wildlife
International
2005b
45
ECHA
c2007-2017

0.6a

SafePharm
Laboratories
1995; UNEP
1999; WHO
1998
Kroon and
Ginkel 1992
ECHA
c2007-2017
SafePharm
Laboratories
1993
ECHA
c2007-2017
Wildlife
International
2005c
ECHA
c2007-2017

Wang et al.
2013
6-day EC10b
0.3a
Wang et al.
(malformation)
2013
21-day EC50
0.0063 Zhu et al.
(accumulated
2015
eggs)
28-day EC10b 0.0065 Li et al.
(accumulated
2015
number of
offspring,
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Substance

Test Organism

TDCPP

Zebrafish
Danio rerio

TDCPP

Zebrafish
Danio rerio

TDCPP

Zebrafish
Danio rerio

Endpoint

Value Reference
(mg/L)

body length in
F0 and F1)
90-day NOEC 0.004
(survival and
hatching
rates)
180-day
0.004
NOEC
(malformation)
240-day EC10b 0.0075
(body mass)

Wang et al.
2015a

Wang et al.
2015b
Yu et al.
2017

Abbreviations: EC50, the concentration of a substance that is estimated to cause some effect on 50% of
the test organisms; LC50, the concentration of a substance that is estimated to be lethal to 50% of the test
organisms; NOEC, the no observed effect concentration is the highest concentration in a toxicity test not
causing a statistically significant effect in comparison to the controls.
a The lowest test concentration at which a significant effect was observed.
b 10% difference for the reported endpoints in test organisms compared with the control.

For TCPP, the lowest identified acute toxicity value is 13.5 mg/L for zebrafish embryos
determined from a 96-hour LC50 study. This result was selected as the critical toxicity
value (CTV). An assessment factor of 50 was applied to extrapolate from the acute
lethal effect concentration to a long-term no effect concentration (PNEC), with
consideration of the number of species and categories of organisms represented in the
available dataset (Table 7-7).
For TDCPP, no effect on survival and hatching of zebrafish embryos and no incidence
of malformation was reported in fish exposed to the substance at a concentration of
0.004 mg/L in long term studies (Wang et al. 2015a and 2015b). At the same time, in a
few other studies (Zhu et al. 2015; Li et al. 2015; Yu et al. 2017), there were some
developmental and reproductive effects on Daphnia magna and zebrafish. The 21-day
EC50 (accumulated egg production) = 0.0063 mg/L was the lowest concentration
causing the most significant effect in the chronic studies for TDCPP. Therefore, this
value (21-day EC50 = 0.0063 mg/L) was selected as the CTV and used to calculate a
PNEC for this substance (Table 7-7).
Table 7-7. Aquatic CTVs and PNECs for TCPP and TDCPP
Substance
TCPP
TDCPP

CTV (mg/L)
96-hour LC50 = 13.5
21-day EC50 = 0.0063 (accumulated egg
production)

a An

AF
50a
5b

PNEC (mg/L)
0.27
0.0013

AF= 50 is applied to calculate a long term no-effect concentration (PNEC) from an acute lethal
toxicity datapoint, with consideration of the number of species and categories of organisms in the
available dataset.
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b An

AF=5 is applied to calculate a long term no-effect concentration (PNEC) from a chronic sub-lethal
toxicity datapoint, with consideration of the number of species and categories of organisms in the
available dataset.

7.1.2 Toxicity to sediment organisms
There are no sediment toxicity data identified for TCPP. Given that TCPP and TDCPP
have demonstrated different levels of toxicity on aquatic organisms and effects on the
endocrine system, it is not considered appropriate to determine the effects of TCPP on
sediment organisms through read-across. Therefore, a PNEC is not calculated for
TCPP for this compartment.
Sediment toxicity data have been identified for TDCPP. In a few studies investigating
the chronic exposure of TDCPP to midges, the reported 28-day EC50s range from 16 to
> 71 mg/kg dry weight (dw); the reported NOECs range from 3.9 to 71 mg/kg dw
(Wildlife International 2006b, 2006c, 2006d).
Upon review of the empirical data, the 28-day EC50 (emergence of midge) of 16 mg/kg
dw was selected as the CTV for TDCPP. Considering the organic carbon (OC) content
as 5.3% was reported in this study, the CTV was adjusted to the standard 3% OC
content prior to calculating the PNEC. Considering the available data points for the
sediment compartment, an assessment factor of 50 was used to derive the PNEC, to
extrapolate a chronic no-effect concentration from a chronic median-effect endpoint and
to account for inter- and intra-species variability. This yields a sediment PNEC of 0.18
mg/kg dw for TDCPP.

7.1.3 Toxicity to soil organisms
Toxicity studies have been conducted on earthworms to investigate effects of TCPP and
TDCPP in soil organisms. After earthworms (Eisenia foetida) were exposed to these
substances for up to 8 weeks, EC50s/LC50s and NOECs were reported (SafePharm
Laboratories 1996b and 1996c; Phytosafe 2003a and 2004a). These values are
summarized in Table 7-8.
Two studies investigated the toxicity of TCPP and TDCPP on terrestrial plants. In one
study, Wheat (Triticum aestivum), Mustard (Sinapis alba), and Lettuce (Lactuca sativa)
were exposed to TCPP for 21 days, and effects on the dry plant weight and the seeding
emergence were assessed at the end of the experiment (Phytosafe 2003b). The lowest
NOEC of the study was 17 mg/kg dw for the seeding emergence of Lettuce. In another
study, Wheat (Triticum aestivum), Mustard (Sinapis alba) and Red Clover (Trifolium
pratense) were exposed to TDCPP and effects on emergence and plant growth were
assessed (Phytosafe 2004b). The lowest NOEC in this study was 19.3 mg/kg dw for
seeding emergence.
Findings in key soil toxicity studies are summarized in Table 7-8 below.
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Table 7-8. Key soil toxicity studies considered in choosing a critical toxicity value
for soil
Substance

Test organism

Endpoint

TCPP

Earthworms
Eisenia foetida

14-day LC50

TCPP

Earthworms
Eisenia foetida

14-day NOEC
(mortality)
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TCPP

Earthworms
Eisenia foetida
Earthworms
Eisenia foetida
Lettuce
Lactuca sativa
Earthworms
Eisenia foetida

56-day EC50
(reproduction)
56-day NOEC
(reproduction)
21-day NOEC
(emergence)
14-day LC50

71

SafePharm
Laboratories
1996b
SafePharm
Laboratories
1996b
Phytosafe 2003a

53

Phytosafe 2003a

17

Phytosafe 2003b

130

TDCPP

Earthworms
Eisenia foetida

14-day NOEC
(mortality)

100

TDCPP

Earthworms
Eisenia foetida
Earthworms
Eisenia foetida
Mustard
Sinapis alba

57-day EC50
(reproduction)
57-day NOEC
(reproduction)
19-day NOEC
(emergence)

67

SafePharm
Laboratories
1996c
SafePharm
Laboratories
1996c
Phytosafe 2004a

9.6

Phytosafe 2004a

19.3

Phytosafe 2004b

TCPP
TCPP
TDCPP

TDCPP
TDCPP

Value
(mg/kg dw)
97

Reference

The 56-day EC50 of 71 mg/kg dw and 57-day EC50 of 67 mg/kg dw were considered as
CTVs for TCPP and TDCPP, respectively. Considering the organic carbon (OC)
contents reported in these studies, the CTVs were adjusted to the standard 2% OC
content prior to calculating PNECs.
Considering the available data points for the soil compartment, an assessment factor of
50 was used to derive PNECs for both substances, to extrapolate a chronic no effect
concentration from a chronic sub-lethal median effect endpoint and to account for interand intra-species variation. Results are presented in Table 7-9 below.
Table 7-9. Soil critical toxicity values (CTV) and PNECs for TCPP and TDCPP
Substance
TCPP

CTV (mg/kg dw)
56-day EC50 = 71

OC content (%)
1.4
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AF
50

PNEC (mg/kg dw)
2.03

TDCPP

57-day EC50 = 67

10

50

0.27

7.1.4 Toxicity to birds and mammals
In vitro and in ovo studies on TCPP and TDCPP have been conducted to investigate
their neurotoxicity, cytotoxicity and genetic effects and the findings provide evidence of
chemical reactivity and mode of action. It is noted that exposure concentrations used in
these studies are several orders of magnitude greater than concentrations of both
substances measured in the Canadian environment (i.e., water and eggs). Therefore,
effects observed in laboratory experiments are not expected in the wild according to
their levels of environmental occurrence. As a result, the toxicity data reported from in
vitro or in ovo studies were not used in the risk quotient analysis for these substances.
7.1.4.1 Neurotoxicity
Exposure to TCPP or TDCPP did not induce neurological effects in hens or mammals,
respectively. Details are presented in sections 8.2.1.6 and 8.2.2.6.
7.1.4.2 Effects on the endocrine system
Effects on the endocrine system for these two substances were assessed in ovo and in
vitro.
In a study using primary cultures of avian neuronal cells, Crump et al. (2012) reported a
higher cytotoxicity of TDCPP than TCPP. Effects on mRNA expressions associated with
a variety of biological functions were studied. Both substances may demonstrate an
effect on the thyroid hormone pathway related gene transcription at or above 10 µM
(equivalent to 3.3 mg/L and 4.3 mg/L, respectively) (Crump et al. 2012).
In an in ovo toxicity study (Farhat et al. 2013), chicken eggs were injected with TCPP
and TDCPP separately, and the highest concentrations used were 51 600 and 45 000
ng/g wet weight (ww) of eggs, respectively. There was no lethal response to any
treatment doses of either substance. Only TDCPP significantly reduced the plasma T4
levels at 7640 ng/g and higher. In addition, there was no effect on pipping success of
chicken; however, a delay of pipping was observed in higher concentration groups of
two substances, at 9240 ng/g and above for TCPP and at 7640 ng/g and above for
TDCPP. Embryonic development (the tarsus length, the embryo mass, head and bill
length, and the gallbladder length) was affected by both test substances at the highest
concentration. It is noted that the exposure concentrations in the above studies are
much higher than measured concentrations in avian eggs <6.7 ng/g for TCPP and up to
0.17 for TDCPP found in the environment (Chen et al. 2012; Leonards et al. 2011).
In a 21-day study, captive American Kestrels were grouped and fed with either TCPP or
TDCPP at the same dose of 22 ng OPFR/g-bw per day (Fernie et al. 2015). The
exposure to either substance had no significant effect on the body mass or temporal
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weight gain of the test organisms. Both substances were not detected in tissues,
suggesting rapid metabolism. However, some biological effect, i.e., the plasma A:G
ratio, was observed in kestrels exposed to TCPP and TDCPP. In addition, effects on the
triiodothyronine (T3) and thyroxine (T4) concentrations in plasma and changes in
thyroid gland structure and related enzyme activities were observed in the test
organisms exposed to TCPP and TDCPP (Fernie et al. 2015).
There have been in vitro studies conducted to assess effects on the endocrine system
for TCPP and TDCPP using mammalian cells (Follmann and Wober 2006; Kojima et al.
2013). Details are discussed in sections 8.2.1.4 and 8.2.2.5.
7.1.4.3 Genetic effects
Genetic effects were also assessed in the Farhat et al. study (2013). Among the 9
mRNA transcripts studied, effects of these two substances on some gene expressions
were observed only at the highest concentrations of TCPP and TDCPP, at 51 600 and
45 000 ng/g wet weight (ww) of eggs, respectively (Farhat et al. 2013). Farhat et al.
2013 notes that low tissue residue concentrations relative to the injected doses may be
due to rapid metabolism of TCPP and TDCPP in chicken embryos, which is in
agreement with the observation in rat studies, showing that the majority of dosed TCPP
and TDCPP was eliminated quickly within a few days of administration (Lynn et al.
1980; Minegishi et al. 1988).
In the same study on cytotoxicity and mRNA expression in cultures of avian cells
(Crump et al. 2012), both substances affected transcription of genes associated with
xenobiotic metabolism (CYP2H1), the thyroid hormone pathway (TTR), lipid metabolism
(L-FABP and HRSP14-α), and growth (IGF-1). Both substances demonstrated
upregulation of most genes studied at a concentration of 10 µM (equivalent to 3.3 mg/L
and 4.3 mg/L for TCPP and TDCPP, respectively), except TDCPP which demonstrated
an effect on mRNA expression of a lipid metabolism gene (L-FABP) at all test
concentrations (0.01 µM and above, equivalent to 0.0043 mg/L and above).

7.2 Ecological exposure assessment
7.2.1 Measured environmental concentrations
7.2.1.1 Environmental monitoring data for Canada
There are several studies reporting environmental concentrations for TCPP and TDCPP
in Canada. Some of these studies measured the individual TCPP isomers (i.e., those
found in the commercial products). In these studies, measured concentrations were
determined for TCPP itself and/or the sum of isomers in environmental samples. A few
other studies did not discuss isomers in their reports. Given the predominance of TCPP
and considerably lower proportion of its chain isomers in most of the commercial
products as well as their similar environmental fates, it is considered that measured
concentrations reported in the environmental monitoring studies are appropriate to
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characterize the presence of TCPP in the environment, even in the absence of
information on the TCPP isomers.
Details are presented in ECCC (2019) and key findings are summarized as follows.
Concentrations of TCPP and TDCPP in air have been reported at high levels in samples
collected over Lake Superior at 1.35 ng/m3 for TCPP and 0.034 ng/m3 for TDCPP
during 2005 (Shoeib and Jantunen 2013) and more recently in the Canadian Arctic at
0.075-0.145 ng/m3 for TCPP and 0.005 ng/m3 for TDCPP (Jantunen et al. 2013a). In a
recent study, TCPP and TDCPP were reported at 0.67 ng/m3 and 0.15 ng/m3,
respectively, in air samples collected in Toronto during 2012 (Shoeib et al. 2014). Both
substances have been found associated with air particles in these studies (Shoeib and
Jantunen 2013; Jantunen et al. 2013a; Shoeib et al. 2014).
A number of environmental studies have reported both substances in effluents of
WWTS, in rain samples, and in surface water (rivers and lakes) in Ontario (Andresen et
al. 2007; Jantunen et al. 2013b; Venier et al. 2014; ECCC 2016a; Truong 2016; Truong
et al. 2017; Hao et al. 2018). Both TCPP and TDCPP were found in samples collected
at WWTS included in these projects.
For surface water, TCPP was detected in all rain samples and surface water samples
collected in all locations in Great Lakes areas and tributaries in the Toronto area.
However, the detection frequency of TDCPP in environmental samples was
considerably less. TDCPP was not detected in all rain samples and in surface water
samples from a few locations. In other locations where TDCPP was found, this
substance was below the limit of detection (LOD) in some samples collected. Details of
monitoring data for TCPP and TDCPP in the aquatic environment in Canada were
summarized in Table 7-10 and Table 7-11as follows.
Table 7-10. Summary of monitoring data for TCPP in the aquatic environment in
Canadaa
Medium

Effluent
from
WWTS1

Range of
Median
Mean
Detection Reference
measured
measured
measured
frequency
concentrations concentration concentration
(%)
(mg/L)
(mg/L)
(mg/L)
(number
of
samples,
if
reported)
Not reported
Not reported
7.8×10-5
Not
Andresen et
reported
al. 2007
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Medium

Effluent
from
WWTS2
Effluents
from 8
WWTS
WWTS1
WWTS2
WWTS3
WWTS
WWTS
effluent
Biosolids
from 8
WWTS
Rain
samples
Rain
samples
13
tributaries
4
sampling
points at
Lake
Ontario
Lake
Ontario
nearshore
water

Range of
Median
Mean
Detection Reference
measured
measured
measured
frequency
concentrations concentration concentration
(%)
(mg/L)
(mg/L)
(mg/L)
(number
of
samples,
if
reported)
Not reported
Not reported
6.9×10-5
Not
Andresen et
reported
al. 2007
4.7×10-4 –
2.6×10-3

1.1×10-3

Not reported

100
(n=36)

ECCC
2016a

1.2×10-3 –
4.1×10-3
1.5×10-3 –
7.7×10-3
3.7×10-4 –
3.9×10-3
1.5×10-3 –
6.8×10-3
1.3×10-3 –
2.4×10-3
7.6×10-5 –
1.5×10-3

2.3×10-3

2.5×10-3

100 (n=8)

2.1×10-3

2.8×10-3

100 (n=7)

1.8×10-3

2.0×10-3

Not reported

3.8×10-3

100
(n=10)
100 (n=6)

Not reported

Not reported

2.5×10-4

Not reported

Truong
2016
Truong
2016
Truong
2016
Truong et
al. 2017b
Hao et al.
2018
ECCC
2016a

LOD – 9.2×10-4

1.1×10-4

2.3×10-4

75 (n=16)

5.0×10-5 –
9.2×10-4
4.6×10-6 –
1.8×10-3

Not reported

3.9×10-4

100 (n=8)

Not reported

2.4×10-5 –
8.4×10-4

Not
reported

Not reported

Not reported

3.4×10-6 –
4.9×10-5

100 (n=4)

6.6×10-5 –
3.6×10-4

6.6×10-5

1.2×10-4

67 (n=18)

36

100
(n=17)
100
(n=36)

Truong
2016
Truong et
al. 2017
Jantunen
et al.
2013b
Andresen
et al. 2007

Truong
2016

Medium

Great
Lake
surface
water
Etobicoke
Creek
Low Flow
Etobicoke
Creek
High Flow
Don River
Low Flow
Don River
High Flow
Highland
Creek
Low Flow
Highland
Creek
High Flow
Streams
Surface
water

Range of
Median
Mean
Detection Reference
measured
measured
measured
frequency
concentrations concentration concentration
(%)
(mg/L)
(mg/L)
(mg/L)
(number
of
samples,
if
reported)
2.6×10-6 –
Not reported
Not reported
100
Venier et
-5
1.2×10
al. 2014
3.4×10-4 –
1.4×10-3

1.0×10-3

9.2×10-4

100 (n=7)

Truong
2016

4.3×10-4 –
5.1×10-3

2.3×10-3

2.1×10-3

100
(n=26)

Truong
2016

5.1×10-4 –
4.9×10-3
7.9×10-4 –
4.2×10-3
9.3×10-5 –
1.5×10-3

1.1×10-3

1.6×10-3

100 (n=7)

1.5×10-3

1.8×10-3

7.8×10-4

7.9×10-4

100
(n=22)
100 (n=7)

Truong
2016
Truong
2016
Truong
2016

3.5×10-4 –
2.8×10-3

1.0×10-3

1.1×10-3

100
(n=24)

Truong
2016

1.1×10-3 –
4.4×10-3
2.9×10-4 –
2.0×10-3

Not reported

2.7×10-3

Not reported

Not reported

100
(n=14)
60 (n=20)

Truong et
al. 2017
Hao et al.
2018

Abbreviations: WWTS, wastewater treatment system; LOD, the limit of detection.
a Although wastewater system effluent and sludge/biosolids are not “environment,” they represent a direct
source to the environment and are included in this table since they are the pathway via which TCPP and
TDCPP from industrial inputs are expected to be released to the environment.
b In Truong et al. 2017, the laboratory analysis included each of isomers of TCPP. Measured
concentrations presented in the table are the sum of 4 isomers of TCPP in samples.

Table 7-11. Summary of monitoring data for TDCPP in the aquatic environment in
Canadaa
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Medium

Effluent
from
WWTS1
Effluent
from
WWTS2
Effluents
from 8
WWTS
WWTS1

Range of
Median of
Mean
Detection Reference
measured
measured
measured
frequency
concentrations concentration concentration
(%)
(mg/L)
(mg/L)
(mg/L)
Not reported
Not reported
3.5×10-5
Not
Andresen
reported
et al. 2007
Not reported

Not reported

2.6×10-5

Not
reported

Andresen
et al. 2007

8.7×10-5 –
4.2×10-4

2.3×10-4

Not reported

100
(n=36)

ECCC
2016a

6.5×10-4 –
2.3×10-3
4.0×10-4 –
1.9×10-3
LOD – 2.1×10-3

1.1×10-3

1.3×10-3

100 (n=8)

7.0×10-4

8.7×10-4

100 (n=7)

8.8×10-4

9.9×10-4

?? (n=10)

WWTS
effluent
Biosolids
from 8
WWTS
Rain
samples
13
tributaries

2.1×10-4 –
4.0×10-4
6.6×10-5 –
3.6×10-4

Not reported

Not reported

1.4×10-4

Not reported

100
(n=17)
100
(n=36)

Truong
2016
Truong
2016
Truong
2016
Hao et al.
2018
ECCC
2016a

LOD

Not applicable

Not applicable

4 sampling
points at
Lake
Ontario
Lake
Ontario
nearshore
water
Great Lake
surface
water
Etobicoke
Creek Low
Flow (n=7)

Not reported

Not reported

2.1×10-6 –
1.9×10-5

Not
reported

LOD

Not applicable

Not applicable

0 (n=18)

Truong
2016

8.7×10-7 –
4.0×10-6

Not reported

Not reported

100

Venier et
al. 2014

LOD

Not applicable

Not applicable

0 (n=7)

Truong
2016

WWTS2
WWTS3

– 1.4×10-3

Not
applicable

2.0×10-6 –
1.3×10-5
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Truong
2016
Jantunen
et al.
2013b
Andresen
et al. 2007

Medium

Etobicoke
Creek High
Flow
Don River
Low Flow
Don River
High Flow
Highland
Creek Low
Flow
Highland
Creek High
Flow
Wastewater
effluent

Range of
Median of
Mean
Detection Reference
measured
measured
measured
frequency
concentrations concentration concentration
(%)
(mg/L)
(mg/L)
(mg/L)
LOD – 4.7×10-4 1.7×10-4
1.8×10-4
65 (n=26) Truong
2016
LOD – 3.7×10-4

LOD

1.4×10-4

43 (n=7)

LOD – 3.7×10-4

1.6×10-4

1.6×10-4

64 (n=22)

LOD

0 (n=7)

Truong
2016
Truong
2016
Truong
2016

LOD – 3.2×10-4

9.0×10-5

1.3×10-4

50 (n=24)

Truong
2016

1.3×10-4

Not reported

Not reported

5 (n=20)

Hao et al.
2018

Abbreviation: WWTS, wastewater treatment system; LOD, the limit of detection.
a Although wastewater system effluent and sludge/biosolids are not “environment,” they represent a direct
source to the environment and are included in this table since they are the pathway via which TCPP and
TDCPP from industrial inputs are expected to be released to the environment.

No data have been identified for TCPP or TDCPP concentrations in soil or sediment in
Canada.
McGoldrick et al. (2014) reported on the levels of 6 OPFRs in the homogenized whole
Lake Trout and Walleye collected from 16 water bodies across Canada ranging from
remote northern lakes with minimal human influence (e.g., Kusawa Lake) to lakes in
heavily populated areas with intense agricultural and industrial activities (e.g., Lake
Ontario). Both TCPP and TDCPP were found above their respective limits of
quantification (0.23 ng/g ww for TCPP and 0.11 ng/g ww for TDCPP) in only one
individual Lake Trout from Great Bear Lake in the Northwest Territories. The low to nondetectable concentrations of TCPP and TDCPP in fish are likely due to metabolic
breakdown.
Chen et al. (2012) reported levels of OPFRs in herring gull eggs collected from the
Channel-Shelter Island on Lake Huron in 2010. Concentrations of TCPP were found
above the detection limit in 12 out of 13 samples and the highest concentration reported
was 4.1 ng/g ww. Concentrations of TDCPP were found above the detection limit in 2
out 13 samples and the highest concentration reported was 0.17 ng/g ww (Chen et al.
2012).
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In another study, 16 organophosphate esters were screened in female Herring Gulls
(Larus argentatus) and their eggs from a Lake Huron colony site (Greaves and Letcher
2014). Both TCPP and TDCPP were found in the separated yolk and albumen at the
same magnitudes reported by Chen et al. (2012). Among six body compartments (fat,
muscle, red blood cells, blood plasma, liver, and brain), TCPP was detected only in fat
and muscle tissues with a higher concentration in fat (2.31±1.64 ng/g ww); while
TDCPP was detected in all six body compartments with the highest concentration in
muscle (5.04±3.69 ng/g ww) (Greaves and Letcher 2014). Measurements of TCPP and
TDCPP in eggs from these studies (Chen et al. 2012; Greaves and Letcher 2014) are
indicators of breeding near highly populated urban areas.
Su et al. (2014) analyzed plasma samples from herring gulls that were collected from
Chantry Island, Lake Huron. Considering that organophosphate triesters are expected
to degrade to OP diesters, analysis of BCPP and BDCPP was also included in the study
(Su et al. 2014). TCPP and BCPP were not detected in any of 6 plasma samples.
However, TDCPP was found in half of the plasma samples and measured
concentrations ranged from 0.11 to 0.41 ng/g ww. Meanwhile BDCPP was found in all 6
plasma samples and measured concentrations ranged from 0.72 to 3.49 ng/g ww, thus
showing metabolism of TDCPP.
In an unpublished report, low plasma concentrations of TCPP (0.9−5.5 ng/g ww) and
TDCPP (0.3−1.0 ng/g ww) were reported in nestling peregrine falcons (Falco
peregrinus) (cited in Fernie et al. 2015).
7.2.1.2 Environmental monitoring data for other jurisdictions
Both TCPP and TDCPP have also been measured in ambient air, aquatic systems,
soils, sediments, plants, and aquatic biota in other countries (Appendix B2, ECCC
2019). Variations in the reported concentrations of TCPP and TDCPP by country may
result from different levels of use of products containing TCPP and TDCPP (Sundkvist
et al. 2010).
Both of these two substances were also measured in soil in Europe and in China.
Mihajlovic et al. (2011) measured a mean concentration of 0.0012 mg/kg of TCPP in six
German soil samples; however, TDCPP was below the detection limit of 9 × 10-5 mg/kg.
Cui et al. (2017) measured TCPP and TDCPP in soil samples from urban soils of the
subtropical city Guangzhou, China. Sampling was conducted in parks, paddy/vegetable
fields, commercial areas, road greenbelts, and residential areas. Both TCPP and
TDCPP were found in all of these sampling areas; the mean measured concentrations
of TDCPP in these areas are higher than those of TCPP. Among these five sampling
areas, there was 100% detection frequency reported for both substances in samples
collected in parks (n=11), commercial areas (n=12), and road greenbelts (n=16); the
highest mean concentrations of both substances were reported in commercial areas, at
0.006 mg/kg and 0.034 mg/kg, respectively (Cui et al. 2017).
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Concentrations of OPFRs in influents and effluents of WWTS have been reported in a
few environmental monitoring studies (van der Veen and de Boer 2012; Bendz et al.
2005). Results indicated poor wastewater treatment removal efficiency for both TCPP
and TDCPP at the selected WWTS in Spain, Germany, Norway, Sweden, and Japan
(ECCC 2019). Such information is considered to estimate releases of TCPP and
TDCPP in the environment.

7.2.2 Exposure scenarios and predicted environmental concentrations
(PECs) in Canada
There are some measured concentrations of TCPP and TDCPP reported in Canadian
surface waters. For the purpose of this screening assessment, environmental
concentrations of TCPP and TDCPP associated with industrial uses and use of
products available to consumers are estimated based on available information,
including the use quantities, estimated release rates, and characteristics of the receiving
environment. Details are provided in the following sections.
7.2.2.1 PECs of TCPP and TDCPP in the aquatic compartment due to industrial
uses
Industrial uses of TCPP and TDCPP include manufacturing of polyurethane and
polyisocyanurate foams. Aquatic exposure to TCPP and TDCPP is estimated, assuming
that both substances are released from industrial activities to a wastewater system that
discharges its effluent to a receiving surface water body. Concentrations of substances
in the receiving water near the discharge point of the wastewater system is used as the
predicted environmental concentration (PEC), which are further used in characterizing
the aquatic risk of substances.
The aquatic PEC due to releases from industrial activities (Cwater-ind) can be calculated
using the equation as follows.

C water ind 

1000  Q  L  (1  R )
N FD

Where:
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Cwater-ind:

aquatic concentration resulting from industrial releases, mg/L

Q:

total substance quantity used annually at an industrial site, kg/yr

L:

loss to wastewater, fraction

R:

wastewater system removal, fraction

N:

number of annual release days, d/yr

F:

wastewater system effluent flow, m3/d

D:

receiving water dilution factor, dimensionless

As TCPP and TDCPP are used by industrial facilities and are expected to be released
to water, several aquatic industrial release scenarios were developed to cover a range
of different potential industrial activities in Canada. The scenarios include blending of
polyol and manufacturing polyurethane foams. Information collected from different
facilities were considered in developing exposure scenarios, aiming to best reflect
practices and conditions, including type of wastewater treatment, direct or indirect
releases to the receiving media and receiving environment.
Input values for estimating aquatic concentrations of TCPP and TDCPP from industrial
activities are summarized in Table 7-12.
Table 7-12. Summary of input values used for estimating aquatic concentrations
of TCPP and TDCPP resulting from industrial activities
Parameter
Quantity used per
site (kg)
Loss to wastewater
(%)a
On-site wastewater
system removal
efficiency (%)b
Off-site wastewater
system removal
efficiency (%)c
Number of annual
release days (days)d
Wastewater system
effluent flow (m3/d)
Dilution factor (–)e

Input Value for TCPP
100 000 to 2 000 000
(ECCC 2013-2014)
0.0011 to 0.3

Input Value for TDCPP
10 000 to 200 000
(ECCC 2013-2014)
0.0011

0

0

0
(van der Veen and de Boer
2012)
200–250

10-13
(ASTreat 2006, STP-EX model
(c2000-2013))
250

4210 to 2 100 000

2908 to 2 100 000

1 to 10

1 to 10
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a

0.0011% accounts for 0.00006% from curing and storage at foam production sites and 0.0005% from
further processing for both TCPP and TDCPP (EU RAR 2008a and 2008b); 0.3% is the standard
assumption for high-volume blending vessel cleaning, only applicable for TCPP.
b No on-site wastewater treatment is assumed.
c The off-site wastewater system removal efficienty is determined, on the basis of different types of
wastewater treatment, such as lagoons, primary and secondary treatment.
d Site-specific information available in the NPRI data is used, otherwise a standard 250 days is considered
for HPV substances (European Commission 2003).
e In general, the dilution factor is the ratio between the receiving environment flow rate and the sitespecific WWTS flow rate. When a dilution factor was greater than 10, a maximum default value of 10 was
used.

Considering the above information, PECs in surface water are calculated as 2×10 -6 –
0.12 mg/L for TCPP and 1×10-7 – 1.6×10-4 mg/L for TDCPP.
7.2.2.2 PECs of TCPP and TDCPP in the aquatic compartment via laundry
wastewater due to use of products available to consumers
In addition to industrial sources, TCPP and TDCPP can be released to the environment
from manufactured items and products available to consumers. For emissions from
products available to consumers, the European Union reported that the total loss of
either TCPP or TDCPP to air and wastewater over the product’s lifetime from indoor
service is expected to be no more than 0.25%; loss to wastewater via outdoor service is
anticipated to be at or below 0.75% per year for both substances; and the end-of-life
foams will be deposited to landfills and releases are expected to be negligible (EU RAR
2008a and 2008b).
The presence of TCPP and TDCPP in indoor air and in dust samples in Canada and
other countries strongly supports releases of both substances from products available to
consumers to the Canadian environment (see Sections 8.1.1.2 and 8.1.1.3). Clothing
and the dust collecting on it may create a pathway for TCPP and TDCPP released from
household manufactured items to enter wastewater treatment systems via laundry
activity (Schreder and La Guardia 2014; Saini et al. 2016).
Schreder and La Guardia (2014) measured the mean concentrations of TCPP and
TDCPP in laundry wastewater sampled from 20 homes in the Northwestern United
States between 2011 and 2012. The mean concentrations of TCPP and TDCPP in
laundry wastewater were measured as 0.1 mg/L and 0.018 mg/L, respectively
(Schreder and La Guardia 2014). It is noted that the measured concentrations of both
substances in laundry wastewater are below their water solubility limits.
The influent and effluent concentrations of TCPP and TDCPP at two local wastewater
treatment systems serving these homes were also reported in this study (Schreder and
La Guardia 2014). These wastewater treatment systems receive over 80% of their input
from households, with no known flame retardant discharges from the remaining
industrial contribution. Using the proportion of influent expected from laundry
wastewater and the proportion of influent from households, the authors determined that
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laundry wastewater may be the primary source of these flame retardants to the
wastewater treatment systems (Schreder and La Guardia 2014).
Laundry wastewater data from the northwestern United States from the Schreder and
La Guardia study (2014) is considered sufficiently representative to construct an
exposure scenario relevant to Canada. The exposure concentrations of TCPP and
TDCPP in the surface water (PECs) can therefore be estimated based on releases of
these substances from consumer use of manufactured items via laundry wastewater.
Saini et al. (2016) conducted a study to measure releases of TCPP and TDCPP and a
few other flame retardants from their accumulation by clothing. This study (Saini et al.
2016) reported the accumulation of these flame retardants on fabrics and their releases
to wastewater via laundry activity. The authors noted study uncertainties, such as
inconsistencies and human errors during manual washing and liquid extraction. Average
concentrations in laundry wastewater of TCPP (total of three isomers) and TDCPP
ranged up to 2,482 and 18 ng/L·dm2, respectively for cotton fabric. Based on various
assumptions concerning laundry load composition, the authors estimated that the total
organophosphate flame retardant wastewater concentrations from their study appeared
higher than those determined by Schreder and La Guardia (2014). It is noted that this
study (Saini et al. 2016) reflected a 30 day continuous fabric exposure period to an
office environment, which is not a comparable scenario for Canada. Therefore, the data
reported by Saini et al. (2016) are not considered in estimating releases of these
substances in laundry wastewater.
Environment Canada indicates that average daily domestic water use is 343
L/day/Canadian and 20% of such usage is accounted for by laundry (Environment
Canada 2013). This value, multiplied by 365 days/year, 35 540 400 Canadians
(Statistics Canada 2014), and the mean concentrations of TCPP and TDCPP in laundry
wastewater reported above (Schreder and La Guardia 2014), yielded national estimated
releases of TCPP and TDCPP in laundry wastewater from use of products available to
consumers as 88 929 kg/year and 15 918 kg/year, respectively.
Predicted environmental concentrations of TCPP and TDCPP near WWTS discharge
points were calculated in a probabilistic manner using information from numerous
municipalities in Canada, including local population, effluent flow of the WWTS and
removal efficiencies of the WWTS. The same removal efficiencies employed above for
the industrial scenarios were used. The 5th and 95th percentile PECs resulting from use
of products available to consumers were 7.7×10-4 and 1.3×10-2 mg/L for TCPP and
1.2×10-4 and 2.2×10-3 mg/L for TDCPP.
For TCPP, the highest PEC associated with releases from industrial uses (0.12 mg/L)
exceeds the highest value arising from releases from use of products available to
consumers (1.3×10-2 mg/L), which is aligned with the assumption that industrial point
sources may result in the largest localized concentrations in the environment.
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Conversely for TDCPP, the highest PEC value associated with releases from industrial
uses (1.6×10-4 mg/L) was approximately one order of magnitude lower than the 95 th
percentile PEC due to releases via laundry wastewater (2.2×10-3 mg/L), highlighting the
importance of considering releases of this substance from the use of products available
to consumers.
. Since the lowest WWTS removal reates were used, PECs associated with use of
products available to consumers are considered conservative.
7.2.2.3 PECs of TCPP and TDCPP in the sediment compartment due to industrial
uses and use of products available to consumers
An equilibrium sediment-water partition approach was used to estimate the
concentration of TCPP and TDCPP in sediments. This approach is based on a
partitioning principle described by the European Chemicals Agency (ECHA 2010) and
incorporates two additional calculation methods. The first method is to estimate the
substance’s concentration in the aqueous phase (dissolved) of the overlying water from
its total concentration, according to studies by Gobas (2007 and 2010). The second
method is to estimate a substance’s concentration in bottom sediment from its
concentration in the aqueous phase of the overlying water based on an equilibrium
partitioning assumption between bottom sediment and overlying water described by the
US EPA’s National Center for Environmental Assessment (US EPA 2003). At
equilibrium, the PEC in bottom sediment is assumed to be linearly correlated with the
concentration in the aqueous phase of the overlying water. Sediment exposure
scenarios were developed as an extension of the industrial aquatic release scenarios
described above to determine equilibrium sediment PECs, standardized to 3% organic
carbon (a typical organic carbon content in bottom sediment for rivers and lakes).
Considering all of the above, PECs in sediment associated with releases from industrial
uses were calculated to range from 4.1×10-5 to 2.1 mg/kg dw for TCPP and 7.7×10-6 to
0.086 mg/kg dw for TDCPP.
For releases of these substances from use of products available to consumers, such
emissions will be released to the surface water after the treatment of laundry
wastewater. Considering their partitioning to sediment, PECs in the sediment
compartment associated with releases from products available to consumers range
from 1.4×10-2 to 0.22 mg/kg dw for TCPP and 6.4×10-3 to 0.12 mg/kg dw for TDCPP,
based on the range of the 5th to 95th percentile probabilistic aquatic PECs.
7.2.2.4 PECs of TCPP and TDCPP in the soil compartment due to industrial uses
and use of products available to consumers
As noted in sections 7.2.2.1 and 7.2.2.2, releases of TCPP to wastewater may happen
at industrial manufacturing facilities and from use of products available to consumers;
however, it is considered that there is no removal of this substance from wastewater
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treatment. Given that it is not being caught in the biosolids, minimal release to soil is
expected via the application of biosolids or deposition in landfills. In addition, direct
release to this compartment is not likely. Therefore, a PEC in soil is not calculated for
TCPP.
For industrial uses of TDCPP, it is also assumed that there is no on-site wastewater
treatment; however, there may be some removal during off-site wastewater treatment.
To estimate releases of TDCPP in soil, an approach described by the European
Chemicals Agency (ECHA 2010) was used to quantify TDCPP sorbed to biosolids and
further estimate predicted environmental concentrations in soil (soil PECs) resulting
from the land application of biosolids. This approach employed the quantity of biosolids
accumulated within the top 20 cm layer (ploughing depth) of soil over 10 consecutive
years as the basis for soil PECs. One underlying assumption of the approach was that
substances were subject to no loss due to degradation, volatilization, leaching, and soil
run-off upon their entry into soil. This assumption, therefore, yields conservative soil
PECs. Soil exposure scenarios were developed as an extension of the aquatic release
scenarios described above, using concentrations and production rates based on site
specific wastewater treatment plants.
Standard assumptions/considerations are applied as follows:






Removal from WWTS: According to site-specific information contained in the EC
database (NPRI 1994–2009), a 13% removal rate for secondary treatment was
considered at most of the off-site treatment plants; meanwhile primary treatment
was considered at a few other off-site treatment plants and a 10% removal rate
was applied. In some cases, if a lagoon was providing the applicable wastewater
treatment, a 10% removal rate was applied.
Biosolids application rate is 8.3 tonne/ha-yr.
Biosolids application period is 10 consecutive years.
Soil depth and density: 0.2 m and 1200 kg/m3.

For all industrial sites identified using TDCPP, soil PECs are estimated to range from
1.2 x 10-5 to 2.1 x 10-3 mg/kg dw.
TDCPP may also be released in laundry wastewater from use of products available to
consumers. The sorption of this substance to the sludge is estimated from the total
release quantity (15 918 kg per year estimated in section 7.2.2.2). Considering the
same removal rate (13%) for the secondary treatment for most of the off-site
wastewater treatment plants, the PEC in biosolids is calculated as 0.87 mg/kg. Applying
the same standard assumptions on the biosolids application in soil as described above
for the industrial uses, the resulting soil PECs are estimated as 0.03 mg/kg dw.
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7.3 Characterization of ecological risk
The approach taken in this ecological screening assessment was to examine various
supporting information and develop conclusions based on a weight-of-evidence
approach and using precaution as required under CEPA. Lines of evidence considered
include results from a conservative risk quotient calculation, as well as information on
physical and chemical properties, sources, fate of these substances and their presence
in the Canadian environment, persistence, bioaccumulation potential and inherent
toxicity to non-human organisms.

7.3.1 Risk quotient analysis for the aquatic environment
A risk quotient (RQ) analysis is conducted for selected scenarios by comparing the
predicted environmental concentrations (PEC) to the selected predicted no-effects
concentrations (PNEC) for organisms.
As discussed in Section 7.2, aquatic PECs were derived for TCPP and TDCPP to
characterize their exposure to aquatic organisms resulting from releases associated
with industrial uses and consumer laundry activity. Each scenario for industrial uses
considered the quantity of TCPP and TDCPP used at each industrial site, the emission
factor for releases to wastewater, the wastewater treatment system removal and
effluent flow rates, and the dilution in the receiving water. For releases via consumer
laundry activity, measured concentrations of both substances in laundry wastewater
from the northwestern United States was used to represent such releases in Canada
and further estimate the total releases of TCPP and TDCPP from use of products
available to consumers. PECs of these two substances resulting from laundry
wastewater were calculated in a probabilistic manner.
In addition, both substances have been found in Ontario surface water (Jantunen et al.
2013b); it is reasonable to expect that the environmental monitoring data would be
reflective of releases from both industrial activities and the use of products available to
consumers and their degradation in the environment. Given that, measured
concentrations of these two substances in 13 tributaries in southern Ontario (Jantunen
et al. 2013b) were also considered in risk quotient analysis.
Aquatic PNECs were extrapolated from the most sensitive effect endpoint for each
substance (see Section 7.1).
Results of the risk quotient analysis are presented in Table 7-13.
For TCPP, the RQ is below 1 for all industrial sites using this substance. Considering
releases of this substance in laundry wastewater, the 95th percentile PEC resulting from
laundry wastewater was also below the PNEC, yielding an RQ less than 1. Average
measured concentrations of TCPP in rain samples, lake water in the Great Lakes, rivers
and tributaries in Ontario range from 2.6×10-5 mg/L and 2.8×10-3 mg/L; the highest
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measured concentration as 1.8×10-3 mg/L was reported in samples collected from one
river. All available measured concentrations in Canada are below the PNEC. These
results indicate that risk in aquatic organisms associated with releases of TCPP from
industrial uses or use of products available to consumers is low.
For TDCPP, the RQ is below 1 for all industrial sites using this substance. Based on the
probabilistic PECs associated with releases from laundry wastewater, the 50th percentile
PEC is well below PNEC and only the 87th percentile PEC is equal to the PNEC. The
calculation of PECs using the probabilistic approach is considered conservative; the
number of sites with estimated releases of TDCPP resulting in water concentrations
above the PNEC is small.
According to the environmental monitoring data, TDCPP was not detected in rain water
or surface water samples taken from two rivers at their low flows. Where this substance
was detected in lake and river surface waters in Ontario, average measured
concentrations ranged from 2.0×10-6 mg/L to 1.8×10-4 mg/L. These concentrations are
below the PNEC for this substance. A maximum concentration of 1.4×10-3 mg/L was
reported in samples collected in 1 river, while the second highest concentration was
8.4×10-4 mg/L and the average measured concentration was 1.3×10-4 mg/L for the
same river. This suggests that the occasional high concentration (i.e., 1.4×10-3 mg/L) is
not representative of the realistic existence of this substance in the environment. Based
on all above evidence, it is considered that risk in aquatic organisms associated with
releases of TDCPP from industrial uses or use of products available to consumers is
low.
Table 7-13. Risk quotient analysis for the aquatic compartment
Substance PEC or range of measured
concentrationsa (mg/L)
TCPP
2×10-6 – 0.12
(PECs associated with releases from
industrial uses)
TCPP
1.3×10-2
(the 95th percentile PECs due to use of
products available to consumers)
TCPP
2.4×10-5 –2.1×10-3
(average mean measured concentrations
in river and lake water in Ontario; a
concentration as 5.1×10-3 mg/L was
reported as the maximum measured value
in one tributary)
TDCPP
1×10-7 – 1.6×10-4
(PECs associated with releases from
industrial uses)
TDCPP
2.9×10-4, 1.3×10-3 and 2.2×10-3
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PNEC
(mg/L)
0.27

RQ

0.27

0.048

0.27

8.9×10-5 – 7.8×10-3

0.0013

7.7×10-5 – 0.12

0.0013

0.22, 1, and 1.7

7.4×10-6 – 0.44

Substance PEC or range of measured
concentrationsa (mg/L)
(the 50th, 87th, and 95th percentile PECs
due to use of products available to
consumers)
TDCPP
2.0×10-6 – 1.8×10-4
(average mean measured concentrations
in river and lake water in Ontario; a
concentration as 1.4×10-3 mg/L was
reported as the maximum measured value
obtained in one river)

PNEC
(mg/L)

RQ

0.0013

6.4×10-4 – 0.14

a

Measured concentrations of TCPP and TDCPP in the surface water were reported in Jantunen et al.
2013b.

7.3.2 Risk quotient analysis for the sediment compartment
Due to minimal partitioning to sediments and the lack of effects data (read-across is not
applicable for TCPP), a risk analysis for TCPP in sediment is not conducted.
For TDCPP, sediment PECs are calculated based on the aquatic PECs estimated for
both scenarios of industrial manufacturing of polyurethane foams and releases from
routine household cleaning in laundry wastewater. The comparison of sediment PECs
with PNECs and the resulting risk quotients are presented in Table 7-14. The results
indicate low risk to sediment organisms associated with releases of TDCPP to this
compartment from industrial activities or releases from products available to consumers.
Table 7-14. Risk quotient analysis for TDCPP in the sediment compartment
Release sources
Industrial uses
Products available
to consumers

PEC (mg/kg-dw)
7.7×10-6 – 0.0086
6.4×10-3 – 0.12

PNEC (mg/kg-dw)
0.18
0.18

RQ
4.2×10-5 – 0.047
0.035 – 0.67

7.3.3 Risk quotient analysis for the soil compartment
TCPP is not expected to be released to soil due to biosolids application, and thus, a risk
quotient for soil was not derived for TCPP.
Results of risk analysis for TDCPP presented in Table 7-15 indicate that there is low risk
to soil organisms due to biosolids application, which are associated with releases of this
substance from industrial uses or use of products available to consumers.
Table 7-15. Risk quotient analysis for TDCPP in the soil compartment
Release sources

PEC (mg/kg-dw)
PNEC (mg/kg-dw)
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RQ

Industrial uses
Products available
to consumers

1.2×10-5 – 2.1×10-3
0.03

0.27
0.27

4.4×10-5 – 7.8×10-3
0.11

7.4 Consideration of lines of evidence and conclusion
To characterize the ecological risk of TCPP and TDCPP, technical information for
various lines of evidence was considered (as discussed in the relevant sections of this
report) and qualitatively weighted. The key lines of evidence supporting the assessment
conclusion are discussed below and summarized in Appendix B with respect to level of
confidence, their relevance and overall weight assigned in the assessment.
TCPP and TDCPP have been used in significant volumes in Canada and internationally.
Both have been found in the Canadian environment since 1970. Internationally, ICL-IP
has been a major manufacturer of TDCPP. The company ceased supplying this
substance for furniture and related polyurethane flexible foam applications in 2014 but
still supplies it for flexible foam applications used in the auto industry (ECCC 20132014; ECCC 2016b). Another major manufacturer, Albemarle has also indicated it will
cease manufacture of TDCPP (Albemarle 2012). There is a moderate level of
confidence that no significant increase in manufacture, import or use of this substance
is expected in the near future.
Releases of TCPP and TDCPP to air are expected from industrial manufacturing of
polyurethane foams, building materials and products available for consumer use to
which they have been added. However, direct emissions to air from industrial uses are
expected to be low due to the low vapour pressures for these substances. While
emissions from the use of products appears to be minimal and diffuse, their quantities in
use are high and as such, overall emission volumes may not be insignificant. Releases
of TCPP and TDCPP from products available to consumers have been measured in
laundry wastewater, which enter the local wastewater treatment system. Therefore, it is
reasonable to expect that measured concentrations in surface water would be reflective
of releases from both industrial activities and the use of products available to
consumers. After release to air, both TCPP and TDCPP are associated with particles,
where they have demonstrated higher persistence. Along with measured air
concentrations in the Arctic areas of Canada and Europe, there is sufficient evidence
suggesting that both substances are very persistent in air and possess the potential for
long-range atmospheric transport.
Releases of TCPP and TDCPP from both industrial activities and the use of products
available to consumers will primarily enter surface water after wastewater treatment.
TCPP remains in water and a very small percentage may partition to sediment. TDCPP
also mainly stays in water with a small portion potentially partitioning to sediment.
During wastewater treatment, it is expected that this substance will partition to biosolids
to some extent, and these biosolids may in turn be applied to soils.
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Both substances do not hydrolyze significantly under the environmental conditions and
are not rapidly biodegradable. However, both TCPP and TDCPP have been shown to
biotransform quickly in various vertebrate species (fish, mammals, and birds). Empirical
and modelled (Q)SAR data indicate a low bioconcentration and bioaccumulation
potential for both substances. Given that, there is a high level of confidence with data
showing limited accumulation of TCPP and TDCPP in biota. Biomagnification via food
chains is unlikely and exposure to higher trophic level organisms is expected to be
lower than the exposure to lower trophic level organisms.
In the ecological effect assessment, empirical data have been identified, indicating
moderate toxicity of TCPP and high toxicity of TDCPP to organisms based on survival,
reproduction, and growth endpoints. While TCPP is not shown to elicit a significant
effect on the endocrine system in fish, empirical data have confirmed that TDCPP could
alter the thyroid concentrations in zebrafish, which may be a contributing factor to the
lower survival rate and a higher incidence of malformation in the test organisms.
TDCPP could also change sexual hormone concentrations in fish at low levels;
however, there is no report of any effect on the filial generations following parental
exposure. There is a moderate to high level of confidence with key toxicity data that
have been chosen to extrapolate PNECs for these substances.
Data for neurotoxicity, cytotoxicity, genotoxicity, and effects on other biomarkers for
these two substances have been identified in cell assays in fish and birds. These data
are useful to clarify the chemical reactivity and the mechanism of toxic action. However,
it is noted the highest estimated PECs in water (0.12 mg/L for TCPP and 0.0022 mg/L
for TDCPP) are lower than exposure levels of TCPP (1 mg/L) and TDCPP (0.0033
mg/L) that can alter hormone concentrations or demonstrate effects on enzyme
activities and mRNA expression in cell assays. Hypothetically speaking, the lowest
exposure concentrations used in the cell assays (1 mg/L for TCPP and 0.0043 mg/L for
TDCPP) extrapolates to tissue concentrations of TCPP and TDCPP in fish at
approximately 3 mg/kg and 0.0043 mg/kg, respectively (assuming density at 1 kg/L for
aquatic organisms). Such tissue concentrations are much higher than the measured
concentrations reported in any of the fish samples collected from Canadian water
bodies. Considering the measured concentrations of (and the high frequency of not
detecting) TCPP and TDCPP and low bioacculumation in aquatic organisms, there is a
high level of confidence that these two substances will not impact hormone pathways,
gene transcription, or receptor-mediated endpoints at their current levels of occurrence
in fish.
Both TCPP and TDCPP were found in herring gull eggs. These findings are in
agreement with the protein binding-potentials associated with these two substances. In
ovo toxicity data suggest that chicken embryos are also sensitive to TCPP and TDCPP.
The timing of pipping and embryonic development were affected by both substances at
magnitudes of 103 ng/g, while the hormonal effect was only associated with TDCPP at
the same level. Such exposure concentrations associated with an effect in the toxicity
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study are three orders of magnitude higher than the measured concentrations of both
substances in eggs.
Considering the above, a higher weight is applied to the effects data from in vitro and in
vivo studies which are directly linked to organism level effects for the estimation of
PNECs in this assessment.
The exposure assessment has focused on releases of both substances from the
production of polyurethane foams and the use of products available to consumers via
laundry activities. Environmental concentrations have been estimated for compartments
with a high level of confidence where substances are most likely to be found based on
the environmental fate analysis.
Risk characterization was conducted for the aquatic compartment for TCPP and the
aquatic, sediment, and soil compartments for TDCPP. Outcomes from risk quotient
analysis for TCPP in the aquatic compartment are below 1 indicating that risk
associated with exposure to substance in the environment due to industrial uses or
releases from the use of products available to consumers is low. This information
indicates that TCPP has low potential to cause ecological harm in Canada.
For TDCPP, risk quotients determined for sediment and soil compartments are below 1.
In the aquatic compartment, PECs associated with all industrial uses are also below the
PNEC; and the probability of environmental concentrations exceeding the PNEC due to
the use of products available to consumers is small. Given that, the risk associated with
exposure to TDCPP in the environment due to industrial uses or releases from the use
of products available to consumers is considered low. This information indicates that
TDCPP has low potential to cause harm in Canada.
While exposure of the environment to TDCPP is not of concern at current levels, this
substance is considered to have an environmental effect of concern on the basis of its
high toxicity and potential effects on the endocrine system in fish. Therefore, there may
be a concern for the environment if exposures were to increase.

7.5 Uncertainties in evaluation of ecological risk
The exposure assessment focuses on industrial point sources. From their use as
additive flame retardants, both substances may migrate from products over time to the
air and to dust, as evidenced by concentrations in air samples of both outdoor air and
indoor dust. Diffuse emissions from the use of products are at a very low rate.
Quantities of these substances imported in manufactured items have not been well
captured in responses to the notice issued pursuant to section 71 of CEPA. TCPP and
TDCPP quantity in products (considering all products imported and in use) could be
high; however, it is assumed that major TCPP and TDCPP pathways of release from
products are reflected in measured environmental concentrations. The environmental
releases due to the use of products available to consumers have also been
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characterized by considering the measured concentrations of these substances in
domestic laundry wastewater. Releases from industrial transport container cleaning
were not considered in a quantitative manner due to a high degree of uncertainty.
Conservative assumptions were made in the exposure assessment and there is a
moderate level of confidence with the exposure scenarios used to calculate PECs.
According to its physical and chemical properties, TCPP is water soluble and the
majority of this substance is expected to remain in the aquatic compartment. Outcomes
from the Level III EQC only suggest 0.3% of the total release of this substance may
reside in sediment, if released to water. Sediment PECs for TCPP were derived from
the conservative PECs in the surface water and have been estimated at up to 2.8 mg/kg
dw. There has been no empirical sediment toxicity data identified for this substance.
Considering the difference in aquatic toxicity between TCPP and TDCPP and other
phosphate esters, read-across is not considered applicable to determine the value of a
toxicity endpoint; therefore, a PNEC for sediment is not calculated for TCPP and a risk
quotient analysis is not conducted for this compartment. The lack of sediment effect
data for TCPP is considered a data gap in this assessment and leaves the possibility for
false negatives regarding risk to sediment-dwelling organisms.

8. Potential to cause harm to human health
8.1 Exposure assessment
8.1.1 Environmental media and food
Both TCPP and TDCPP are additive flame retardants and since they are not chemically
bound to the polymer matrix, there is the potential for their release to the environment
from products available to consumers.
Concentrations of TCPP and TDCPP reported in air, water, dust and food are further
described below (see also Section 7.2.1, Appendix A; ECCC 2019). Based on
monitoring data, the highest intake estimates of TCPP and TDCPP for the general
population through environmental media and food are 2.5 and 0.86 µg/kg-bw per day for
ages 6 months to 4 years and 0–6 months, respectively (Appendix C).
8.1.1.1 Ambient air
TCPP and TDCPP have been detected in outdoor air in Canada and elsewhere
(Section 7.2.1). Both TCPP and TDCPP were measured via high-volume active air
samplers around the Great Lakes and Toronto from 2011 to 2013. Mean concentrations
from Lake Superior, Lake Ontario and Lake Huron ranged between 0.08 and 0.20 ng/m3
for TCPP and 4.3 × 10-3 and 6 × 10-3 ng/m3 for TDCPP (Shoeib et al. 2014, Jantunen
2014). As mentioned in Section 7.2.1, mean concentrations of 0.671 ng/m3 for TCPP
and 0.158 ng/m3 for TDCPP with corresponding maximum concentrations of 1.52 ng/m 3
for TCPP and 1.21 ng/m3 for TDCPP were measured in Toronto (n= 32) (Shoeib et al.
2014). TDCPP was also measured with a concentration of 9.5 × 10-3 ng/m3 in outdoor
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air samples (n=20) in another Toronto study from January 2011 to February 2012 using
a high-volume active air sampler (Diamond et al. 2013). TCPP was not monitored by
Diamond et al. (2013).
In Norway, 10 samples in an urban area were analyzed for TCPP with concentrations
between 240 and 3700 ng/m3 (Green et al. 2008). Ambient TDCPP air levels were also
measured in Chicago and Cleveland and mean concentrations were 0.079 ng/m 3 (n=27)
and 0.11 ng/m3 (n=22), respectively (Salamova et al. 2013). Ambient air samples for
TCPP were collected in Chicago (n=27) and Cleveland (n=22) in 2012. Median
concentrations were 0.41 ng/m3 (Chicago) and 0.32 ng/m3 (Cleveland) based on the
sum of vapour and particle phases (Salamova et al. 2013). A study in Sweden reported
a level of 0.81 ng/m3 of TCPP at a single location (Marklund et al. 2005a).
Concentrations of TCPP and TDCPP are found in remote areas such as the Arctic and
Antarctic, suggesting that both may undergo long-range atmospheric transport (Moller
et al. 2012; Green et al. 2008). This is consistent with findings based on the physical
chemical properties of these substances.
Maximum concentrations of 1.52 ng/m3 and 1.21 ng/m3 from the same Toronto study
were selected to estimate daily intakes of TCPP and TDCPP, respectively, from
exposure to ambient air (Shoeib et al. 2014).
8.1.1.2 Indoor air
Indoor air was monitored for TCPP and TDCPP in 23 homes in Toronto during a
sampling period of 28 days from May to August 2013. TCPP was detected in air at
levels ranging from 7.68 to 4190 ng/m3 with a median of 73.6 ng/m3 and a detection
frequency of 97%. TDCPP was detected in air at levels ranging from 0.045 to 5.5 ng/m 3
with a median of 0.525 ng/m3 and a detection frequency of 97% (Vykoukalová et al.
2017). Indoor air was also monitored for TCPP and TDCPP in 32 homes in the Greater
Toronto Area and in 19 homes in Ottawa during a sampling period of 3 weeks from late
February to late July 2015 (Yang et al. 2019). Air was sampled in bedrooms in all
homes (n=51) and additionally in the “most used room” (MUR) in 26 of the 51 homes.
TCPP (reported as the sum of the TCPP isomers, ƩTCPPs) was detected in indoor air
at levels ranging from 0.005 to 313 ng/m3 in bedrooms with a 95th percentile of 71.5
ng/m3, a geometric mean of 2.58 ng/m3 and a detection frequency of 82%. TCPP was
detected in indoor air at levels ranging from 0.005 to 127 ng/m 3 in the MURs with a 95th
percentile of 15.2 ng/m3, a geometric mean of 7.4 ng/m3 and a detection frequency of
96%. TDCPP was detected in 100% of indoor air samples collected in bedrooms over a
range of 0.0173 to 0.672 ng/m3 with a 95th percentile of 0.418 ng/m3 and geometric
mean of 0.113 ng/m3. TDCPP was also detected in 100% of the MUR samples over a
range of 0.0243 to 1.55 ng/m3 with a 95th percentile of 0.730 ng/m3 and a geometric
mean of 0.159 ng/m3 (Yang et al. 2019).
These substances have also been measured in homes in Sweden. In two studies of 10
homes, TCPP and TDCPP were detected in air at levels ranging from 2.4–160 ng/m3
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and from below the detection limit (1 ng/m3) to 17 ng/m3, respectively (Staaf and
Otsman 2005; Bergh et al. 2011). For TDCPP, the majority of the samples were below
the detection limit of 1 ng/m3 (Bergh et al. 2011) (Appendix A).
Time spent indoors may occur in locations other than the home, such as an office for
adults, or vehicle, daycare, school or gym for adults or children. Concentrations of
TCPP and TDCPP in office environments in Sweden and Norway ranged from 10 to 240
ng/m3 and 0.2 to 150 ng/m3, respectively (Marklund et al. 2005b; Staaf and Otsman
2005; Green et al. 2008; Bergh et al. 2011; Hartmann et al. 2004). More recently, TCPP
and TDCPP were measured in 10 offices in China with maximum concentrations of 81
and 14 ng/m3, respectively, much lower than those in offices in Europe (Yang et al.
2014). Indoor air from daycare centres and early childcare education centres has been
sampled recently in North America. In a study of 40 early childcare education centres,
Bradman et al. (2012) detected TDCPP with a mean concentration of 0.59 ng/m 3 and
95th percentile of 1.25 ng/m3. TCPP was not measured in this study (Bradman et al.
2012). Levels in air in 10 Swedish daycares were measured; the mean concentration of
TDCPP was 6.7 ng/m3. The mean concentration of TCPP in daycares in Stockholm was
19 ng/m3 (Bergh et al. 2011). Gymnasiums in Boston were monitored for TCPP and
TDCPP given the prevalence of foam pits; concentrations were 2.68 ng/m3 and 12.5
ng/m3 for a single sample near the foam and 0.74 ng/m 3 and 8.41 ng/m3 for a single
sample away from the pit, for TCPP and TDCPP, respectively (Carignan et al. 2013a).
Time spent in automobiles and aircraft may also represent potential sources of
exposure to TCPP or TDCPP. Indoor air measured in vehicles contained levels ranging
from not detected (LOD = 0.12 ng/m3) to 2300 ng/m3 of TCPP (Hartmann et al. 2004;
Staaf and Otsman 2005). Hartmann et al. (2004) sampled 4 cars of varying age in
Switzerland, where the maximum TCPP concentration of 260 ng/m 3 was measured in a
9 year-old car. Concentrations in the other cars, both less than 1 year old, were below
23 ng/m3. TDCPP was measured in cars, but not detected above the analytical
detection limit of 0.11 ng/m3 (Hartmann et al. 2004). Staaf and Otsman (2005)
measured a collection of personal and public vehicles (1 car, 2 public buses and 1
subway car) from Stockholm resulting in a TCPP concentration of 1800 ng/m 3 in the car,
330 and 2300 ng/m3 in the buses and 2000 ng/m3 in the subway car. Only TDCPP was
detected in the car at a concentration of 5 ng/m3 (concentrations were not detected in
buses and subway [LOD = 1 ng/m3]) (Staaf and Otsman 2005). Given the potential
variability of TCPP and TDCPP concentrations across various transportation vehicles,
the limited number of study samples, and the increased air changes from opening doors
frequently (and windows depending on the season), there is uncertainty in estimating
exposures in vehicles.
Daily intakes of TCPP and TDCPP from exposure in indoor air for the Canadian general
population were estimated based on the highest concentrations of 4190 and 5.5 ng/m3,
respectively, in homes in Toronto (Vykoukalová et al. 2017). These air levels are
considered to take into account the variability in environmental concentrations
associated with different settings (e.g., daycare, office, gym, vehicles). These potential
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sources of exposure are expected to be lower than those conservatively estimated for
homes based on lower frequency and duration of exposure and reported levels across
these microenvironments are very similar.
8.1.1.3 Dust
TCPP and TDCPP have been measured in dust in several studies in homes, offices and
other indoor environments in Canada and globally (Appendix A).
TCPP was measured in the Canadian House Dust Study (CHDS) during 2007–2008 in
the dust of 818 homes in various Canadian cities resulting in median and 95th percentile
concentrations of 1.62 mg/kg and 18.2 mg/kg, respectively. TCPP was measured in
95% of samples over a range of concentrations from <MDL (method detection limit, 0.11
mg/kg) to 120 mg/kg (personal communication, email from Environmental Health
Science Bureau, Health Canada to Existing Substances Risk Assessment Bureau,
Health Canada, dated Dec. 13, 2013; unreferenced)). TCPP has also been measured in
dust in additional Canadian studies. Dust from 23 homes in Toronto was collected
during a sampling period of 28 days from May to August 2013. TCPP was detected in
100% of dust samples over a range of 0.270 to 39.3 mg/kg with a median of 1.470
mg/kg (Vykoukalová et al. 2017). Dust from 32 homes in the Greater Toronto Area and
19 homes in Ottawa was collected during a sampling period of 3 weeks in 2015. Dust
was sampled from bedrooms in all homes (n=51) and additionally in the “most used
room” (MUR) in 26 of the 51 homes. TCPP (reported as the sum of the TCPP isomers,
ƩTCPPs) was detected in 96% of bedrooms over a range of 0.00375 to 299 mg/kg with
a 95th percentile of 9.42 mg/kg and a geometric mean of 0.934 mg/kg. TCPP was
detected in 100% of samples from the MURs over a range of 0.268 to 161 mg/kg with a
95th percentile of 10.84 mg/kg and a geometric mean of 1.33 mg/kg (Yang et al. 2019).
Results from studies from the United States and Europe are consistent with the
Canadian data, where TCPP has been measured in household dust with mean
concentrations ranging from 0.5 to 3.1 mg/kg (Van den Eede et al. 2011; Brommer et al.
2012; Dodson et al. 2012; Bergh et al. 2011; Stapleton et al. 2009; Marklund et al.
2003).
The 95th percentile concentration of TCPP (18.2 mg/kg) in household dust from the
CHDS was used to estimate the daily intake from dust by the Canadian general
population (personal communication from Environmental Health Science and Research
Bureau, Health Canada, dated August 22, 2014).
TDCPP was reported in dust in several Canadian studies monitoring dust in Toronto
and various Canadian cities In the Canadian House Dust Study (CHDS), TDCPP was
measured in 99.4% of samples (n=818) at concentrations ranging from <MDL (0.08
mg/kg) to 139 mg/kg with a median and 95th percentile concentrations of 3.08 mg/kg
and 12.7 mg/kg (personal communication, email from Environmental Health Science
Bureau, Health Canada to Existing Substances Risk Assessment Bureau, Health
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Canada, dated Dec. 13, 2013; unreferenced). TDCPP has also been measured in dust
from 23 homes in Toronto during a sampling period of 28 days from May to August
2013. TDCPP was detected in 100% of dust samples over a range of 0.206 to 9.53
mg/kg with a median of 0.917 mg/kg (Vykoukalová et al. 2017). Dust from 32 homes in
the Greater Toronto Area and 19 homes in Ottawa was collected during a sampling
period of 3 weeks in 2015. Dust was sampled from bedrooms in all homes (n=51) and
additionally in the MUR in 26 of the 51 homes. TDCPP was detected in 100% of
bedrooms over a range of 0.430 to 9.28 mg/kg with a 95th percentile of 6.76 mg/kg and
a geometric mean of 1.54 mg/kg. TDCPP was detected in 100% of samples from the
MURs over a range of 0.337 to 130 mg/kg with a 95th percentile of 12.8 mg/kg and a
geometric mean of 2.05 mg/kg (Yang et al. 2019). Another Canadian study measured
TDCPP in dust in 35 homes and 10 offices in Toronto in 2012 (Abbasi et al. 2016).
Concentrations of TDCPP in dust ranged from not detected to 46 mg/kg in homes
(detection frequency 83%) and not detected to 190 mg/kg in offices (detection
frequency 90%). Abbasi et al. (2016) also analyzed the association of TDCPP in dust
from the 2012 study with dust on products (n=65) in the same locations. TDCPP was
found mainly on the surface of large household appliances (not detected to 494
ng/wipe; detection frequency 43%, n=7) and flat screen TVs (not detected to 193.25
ng/wipe; detection frequency 36%, n=14). The authors showed that there was a positive
correlation between the geometric mean concentrations of halogenated flame
retardants (including TDCPP) in home and office dust with those in dust from the
surfaces of electronic products (Abassi et al. 2016).
European and American studies monitoring TDCPP in household dust report similar
mean concentrations as seen in Canada ranging from 0.08 to 2.8 mg/kg (Van den Eede
et al. 2011; Brommer et al. 2012; Dodson et al. 2012; Stapleton et al. 2009; Ali et al.
2012).
Dust was also monitored for its TCCPP and TDCPP content in early childcare education
environments. In Sweden, TCPP was measured in 10 daycare centres with a mean
concentration of 4.5 mg/kg while TDCPP was found at a mean concentration of 28
mg/kg (Bergh et al. 2011). In California, USA, TDCPP in dust was detected in 39 early
childcare education centres ranging from 0.76 mg/kg to 71 mg/kg, with a mean
concentration of 6 mg/kg and 95th percentile of 37 mg/kg (Bradman et al. 2012). TCPP
was not monitored as part of this study. Dust was also sampled in gymnasiums in
Boston, Massachusetts (Carignan et al. 2013a). The median concentrations of TCPP
and TDCPP inside the gymnastics facilities were found to be 2.48 mg/kg and 13 mg/kg,
respectively, by Carignan et al. (2013a).
TCPP and TDCPP have also been frequently detected in offices and different vehicles.
Webster et al. (2010) measured TDCPP in office dust and cars in the Boston area,
USA, in 2009, where mean concentrations were found to be 9.8 and 26 mg/kg,
respectively. In Germany, TCPP and TDCPP mean concentrations were reported in
office dust (n=10; 3 mg/kg and 0.15 mg/kg, respectively) and cars (n=12; 3.1 mg/kg and
130 mg/kg, respectively) (Brommer et al. 2012). Concentrations in both offices and cars
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exceeded the concentrations of TCPP and TDCPP in the homes sampled in the same
study. Other studies have also reported higher concentrations of TCPP and TDCPP in
car dust compared to household dust in Europe and the Middle East (Ali et al. 2013;
Brandsma et al. 2014). In addition, TDCPP was also measured in dust from aircraft
cabins, with median levels in carpet of 2.1 mg/kg and of 5.6 mg/kg in air vents (Allen et
al. 2013). TCPP was not measured in aircraft.
The maximum concentration of 139 mg/kg from the Canadian House Dust Study was
used as a conservative level of TDCPP in dust for estimating intakes for the general
population of Canada including potentially higher exposures from early childcare
education facilities observed in the US.
8.1.1.4 Soil and sediment
There are no soil or sediment monitoring data for TCPP or TDCPP in Canada, however
both substances were measured in soil in one study in Europe and one study in China.
Mihajlovic et al. (2011) measured a mean concentration of 0.0012 mg/kg of TCPP in six
German soil samples. TDCPP was below the detection limit of 9 × 10-5 mg/kg
(Mihajlovic et al. 2011). Cui et al. (2017) measured TCPP and TDCPP in soil samples
from urban soils of Guangzhou, China. Concentrations of TCPP ranged from less than
the method detection limit (MDL=0.0002 mg/kg dry weight, dw) to 0.016 mg/kg dw with
the highest mean concentration of 0.006±0.005 mg/kg dw for samples (n=12) from
commercial areas (detection frequency = 100%). Concentrations of TDCPP ranged from
<MDL (MDL=0.0002 mg/kg dw) to 0.091 mg/kg dw with the highest mean concentration
of 0.034±0.026 mg/kg dw for samples (n=12) also from commercial areas (detection
frequency = 100%) (Cui et al. 2017).
The mean soil concentration for TCPP (0.0012 mg/kg) and the detection limit for
TDCPP (9 × 10-5 mg/kg) from the study by Mihajlovic et al. (2011) were used to
estimate intakes of these substances from soil.
8.1.1.5 Drinking water
Levels of TCPP and TDCPP in water have been reported in Canada (Venier et al. 2014;
Jantunen et al. 2013b; Truong 2016; Truong et al. 2017; Hao et al. 2018) (see Table
7-10 and Table 7-11). TCPP was measured in a pilot study on tap water in Barrie,
Ontario (n=2) with a concentration of 11 ng/L (Jantunen 2014). Data on TDCPP
concentrations in tap water were not identified.
TCPP and TDCPP were measured in surface water from rural and urban tributaries
draining into Lake Ontario, with upper concentrations of 1839 ng/L and 1437 ng/L in
urban areas, respectively. TCPP was reported at lower concentrations between 4.64
and 180 ng/L in rural areas (Jantunen et al. 2013b). Truong (2016) measured TCPP
and TDCPP in three streams during high and low flow periods and in Toronto, Canada.
The concentration of TCPP (based on the sum of two TCPP isomers) ranged from
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3.4x10-4 to 5.1x10-3 ng/L. The concentration of TDCPP ranged from below the LOD (not
reported) to 4.7x10-4 ng/L (Truong 2016). In another study, Venier et al. (2014)
measured lower concentrations for both TCPP and TDCPP at different locations around
the Great Lakes (ECCC 2019). Surface samples from three urban streams in Toronto
were collected in 2014 to 2015 (n=14) and analyzed for the isomers of TCPP. A mean
concentration of TCPP (reported as the sum of TCPP isomers, ƩTCPP) of 2700 ng/L
and a range of 1100 to 4400 ng/L were reported (Truong et al. 2017). Another study
measured both TCPP and TDCPP in urban stream water and nearshore lake water
collected in the Toronto area in the summer and fall of 2014 and spring and summer of
2015. TCPP was detected in 12 of 20 surface water samples over a concentration
range of 290 to 2010 ng/L and TDCPP was detected in 1 of 20 surface water samples
at a concentration of 130 ng/L (Hao et al. 2018).
TCPP and TDCPP were measured in Europe from different deposition types, including
snow and rain, in addition to surface water from rivers, estuaries and the ocean. TCPP
concentrations in rain were found to be higher than in snow with mean concentrations of
372 ng/L and 233 ng/L in Germany, respectively (Mihajlovic and Fries 2012). TDCPP
was detected at mean levels of 46 ng/L in rain and 100 ng/L in snow (Mihajlovic and
Fries 2012). Both substances were found to be less concentrated further north with
snow concentrations ranging between 68–210 ng/kg (TCPP) and 4–29 ng/kg (TDCPP)
in Sweden (Marklund et al. 2005a).
TCPP was measured in river water at levels ranging from 24 to 570 ng/L in Germany,
and which were higher than concentrations measured in the ocean or estuaries
(Bollman et al. 2012). Measurements of waterways near wastewater treatment systems
(WWTS) in Germany, Austria and Norway have shown that concentrations are
approximately 10-fold higher downstream (Meyer and Bester 2004; Andreson et al.
2004; Green et al. 2008; Martinez-Carballo et al. 2007). Similar river concentrations of
TCPP (100–310 ng/L) were detected in rural areas of South Korea, Asia (Yoon et al.
2010). TDCPP has been measured in rivers in Germany at concentrations ranging
between 5 and 67 ng/L (Bollman et al. 2012). This is lower than water concentrations
(20-740 ng/L) measured near WWTPs in Germany and Norway (Meyer and Bester
2004; Andreson et al. 2004; Green et al. 2008).
As the data on concentration of TCPP and TDCPP in drinking water was limited, the
maximum surface water concentrations of 5100 ng/L (Truong 2016) and 1437 ng/L
(Jantunen et al. 2013b), for TCPP and TDCPP, respectively, were considered to be the
most relevant data to use in calculating an upper-bound estimate of daily intake from
drinking water for the Canadian general population.
8.1.1.6 Food
No reports of studies monitoring TCPP or TDCPP in Canadian food were identified.
TCPP and TDCPP have been monitored in food basket surveys by the US FDA since
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the 1980s. There are no reported amounts of TDCPP; TCPP was detected in fruit peels
at concentrations ranging from 0.05 to 0.82 µg/kg (ATSDR 2012).
Monitoring of TCPP and TDCPP in fish and shellfish was conducted in four European
studies (ECCC 2019). Levels in fish tissue (perch, cod, salmon and char) and bivalve
shellfish (mussel) were reported from freshwater and marine locations in Sweden and
Norway. Levels of TCPP and TDCPP were below the detection threshold of 10 µg/kg in
mussels in Norway, but TCPP was detected in concentrations up to 15.6 µg/kg in
mussels in Sweden (Green et al. 2008; Sundkvist et al. 2010). TCPP and TDCPP
concentrations in finfish from Nordic countries ranged from below the detection limit of
0.1 µg/kg to 5.7 µg/kg and from 0.3 µg/kg to 8.1 µg/kg, respectively (Green et al. 2008;
Evenset et al. 2009; Sundkvist et al. 2010). In a Swedish study, fish purchased from a
grocer were sampled and neither substance was found above detection limits of 1 µg/kg
and 9 µg/kg for TCPP and TDCPP, respectively (Campone et al. 2010).
Upper bound concentrations of 15.6 µg/kg from shellfish in Sweden and 8.1 µg/kg from
arctic finfish in Norway were selected to estimate the daily intake of TCPP and TDCPP,
respectively, from food for the general population (Sundkvist et al. 2010; Evenset et al.
2009). The upper bound concentration in fruit (0.82 µg/kg) was also used to estimate
daily intake of TCPP from food. Upper-bounding estimates of daily intake from food for
the Canadian general population were estimated to be 0.068 and 0.028 µg/kg-bw per
day for TCPP and TDCPP, respectively (for children aged 0.5–4 yrs). These are
conservative estimates because they were calculated assuming that all seafood and
fish consumed would contain TCPP or TDCPP at the maximum levels measured in fish.
Although certain northern populations or other subpopulations in Canada may consume
larger quantities of seafood in their diet, this estimate is considered conservative
enough to account for this higher consumption.
8.1.1.7 Breast milk
No data were identified on concentrations of TCPP and TDCPP in breast milk in
Canada or the US. TCPP and TDCPP were measured in breast milk in six cohort
studies in Sweden. TCPP concentration in breast milk was derived from the highest lipid
weight concentration of 57 ng/g measured in breast milk from 50 women, and adjusted
in the same manner to give a concentration of 1.99 µg/L. The concentration of 0.186
µg/L of TDCPP in breast milk is based on the highest lipid weight concentration (5.3
ng/g) measured in breast milk from 90 women, adjusted with the lipid content in breast
milk (3.4%) and the density of breast milk. (Sundkvist et al. 2010).
TCPP and TDCPP were also measured in breast milk from three participants in
Australia. Measured TCPP concentrations ranged from below the detection limit of 2.4
µg/L to 14 µg/L and measured TDCPP concentrations ranged from below the detection
limit of 0.053 µg/L to 0.14 µg/L (He et al. 2018).
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The maximum concentrations in breast milk of 1.99 µg/L and 0.186 µg/L of TCPP and
TDCPP, respectively, from the Swedish cohort studies (Sundkvist et al. 2010) were
selected as the most relevant data to estimate upper bound daily intakes to these
substances by breast-feeding infants, due to the study’s larger sample size.

8.1.2 Products available to consumers
TCPP and TDCPP are additive flame retardants with a variety of uses and applications
(see Section 4), some of which may result in general population exposure. Dermal and
oral exposure estimates were derived using conservative approaches for scenarios
considered relevant for the general population. TCPP and TDCPP are semivolatile
substances; therefore, they are not expected to appear in their gaseous forms in high
quantities under normal conditions. Inhalation exposure estimates were only derived for
the do-it-yourself scenarios (i.e., application of spray foam insulation and waterproofing
sprays) which could result in elevated levels in air for a short duration. Inhalation
exposures resulting from daily releases to air (i.e., from off-gassing of products in the
home such as furniture and mattresses or insulation that is present in the home behind
walls) are expected to be accounted for through indoor air and dust exposure estimates
(see Sections 8.1.1.2 and 88.1.1.3).
8.1.2.1 Manufactured items
TCPP and TDCPP are used in flexible foam products (for example in furniture such as
seating or mattresses), nap mats, child restraint seats and in building construction in
Canada (ECCC 2013-2014; CEH 2013a,b; Stapleton et al. 2011). TCPP and TDCPP
can each be found in the foam of furniture at concentrations up to 9% w/w (Kemmlein et
al. 2003; Stapleton et al. 2009; Stapleton et al. 2011; Stapleton et al. 2012; Ionas et al.
2014; US CPSC 2005a,b; ECCC 2013-2014). In addition, TCPP and TDCPP have also
been measured in several children’s products containing foam in the U.S., including nap
mats (CEH 2013b), foam chairs (including one containing TCPP, purchased in Canada)
(CEH 2013a), child restraint seats, changing table pads, portable mattresses and
rocking chairs, in concentrations ranging from 0.11 to 1.4% w/w for TCPP and 0.24 to
12.4% w/w for TDCPP (reported as 1.11 to 14.4 mg/g and 2.4 to 124 mg/g,
respectively) (Stapleton et al. 2011). In product testing conducted by Health Canada on
23 children’s products (e.g., nursing pillows, polyurethane foam chair, toys purchased in
retail stores in Ottawa, Ontario in 2014), TDCPP was detected in a foam toy at a mean
concentration of approximately 7%; TCPP was not detected above the limit of
quantification (LOQ of 0.3%) in any of the foam samples (Health Canada 2014). In an
additional survey conducted in 2015 by Health Canada on 21 polyurethane children’s
products (e.g., toys, cushions), concentrations of TCPP were found to range from 0.02
to 3.4% w/w (LOQ = 0.013% w/w) (highest concentrations found in bath toys) while
concentrations of TDCPP ranged from 0.012 to 7.3% w/w (LOQ = 0.012% w/w) (Health
Canada 2015b).
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Flame retardants can also be found in coatings on the inside face of the cover fabric of
furniture (e.g., couch) known as “backcoating”. The use of TCPP or TDCPP as
backcoating in furniture upholstery has not been identified specifically for Canada but is
a known use in the United States and Europe (US CPSC 1998 2005a,b; EU RAR
2008b; Danish EPA 2014), and it is considered reasonable to assume that the general
population of Canada can be exposed to TCPP or TDCPP in furniture. The Upholstered
Furniture Action Council (UFAC), a voluntary coalition of furniture manufacturers,
outlined the potential for dermal exposure to backcoating, either via direct contact with
the substance from contamination of the outside surface of the fabric (from wet
backcoating when textile is rolled up post-production), or from degradation of the
backcoating, or through the textile weave (cited in US CPSC 1998). A study by the
Commission for Environmental Cooperation (CEC) tested 132 furniture products (chairs,
sofas, ottoman) purchased between December 2014 and April 2015 in Canada, the
U.S. and Mexico (CEC 2015). Sixteen flame retardants were measured and TCPP and
TDCPP were among the six detected in 61 of the 132 products tested, at levels ranging
from 0.01 to 8.9% w/w and 0.03 to 5.8% w/w, respectively. TCPP was the most
frequently detected flame retardant across all three countries and was most frequently
detected in samples from products purchased in Canada (45 of 193 samples or 23%).
TDCPP was detected in 8 of 193 samples (4%) from products purchased in Canada.
TCPP was found mostly in foam samples (91% of 54 products with TCPP), though it
was also identified in fabric (24%), padding (11%) and stuffing samples (4%); it was
also found in the upholstery of chairs, office chairs, ottomans and sofas. TDCPP was
also measured predominantly in foam samples (73% of 15 products) and in fewer
instances in upholstery (CEC 2015).
Although the European Union risk assessments for TCPP and TDCPP did not estimate
dermal exposure from foam objects (EU RAR 2008a,b), they, as well as other
organisations, reported that some flame retardants migrate from various foam objects
(EU RAR 2009; US CPSC 2005b; Arcadis EBRC 2011; Danish EPA 2015). More
specifically, the US CSPC has shown that TDCPP can migrate to the surface of foam
covered with fabric under simulated perspiration and pressure conditions (i.e., to
simulate sitting) (U.S. CPSC 2005b). More recently, ECHA considered children’s dermal
exposure to TCEP, TCPP and TDCPP (i.e., TDCP) from children’s products, such as
baby mattresses and child restraint seats (ECHA 2018).
In consideration of the collective information on flame retardant migration from foam
objects and on models and algorithms developed by various jurisdictions to evaluate
exposure from this source, it was considered appropriate to assess dermal exposure to
TCPP and TDCPP from polyurethane flexible foam in mattresses or upholstered
furniture (e.g., sofas).
Dermal exposure uptakes were estimated for children and adults in prolonged skin
contact with foam-containing mattresses and furniture as a representative upper
bounding scenario of potential exposure (Appendix D). Given the conservative nature of
this scenario, the estimate would also address potential exposure from textile
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backcoating from furniture. This exposure was modelled using an algorithm that is
consistent with that of models used by other jurisdictions to estimate dermal exposure to
a substance migrating from foam or textile backcoating (US CPSC 2006a; ECHA 2018;
NRC 2000; Danish EPA 2014, 2015; Arcadis EBRC 2011).
Extraction studies measuring migration of TCPP and TDCPP from furniture foam to
aqueous solutions (e.g., artificial sweat) have been reported (US CPSC 2005b; TNO
Quality of Life 2005 cited in EU RAR 2008a). TNO Quality of Life (2005) conducted a
migration test on an uncovered foam block containing 10% TCPP, resulting in a
migration rate of 4.6 × 10-3 mg/cm2/hr when pressure was applied to a wetted stack of
15 filter papers placed directly on top of the foam. The migration rate of 5.6 × 10-5
mg/cm2/hr for TDCPP used to estimate dermal exposures is based on a migration study
performed by the U.S. CPSC using furniture foam containing 6.6% w/w TDCPP that
was covered with fabric in a miniature furniture mock-up (U.S. CPSC 2005b). In this
study, the furniture mock-up was wetted, a filter paper was placed on its surface, and
pressure was applied. In both cases, the flame retardant that was measured in the filter
paper was assumed to be available for dermal exposure via liquid-mediated migration
from the foam. Since no data were identified on the relationship between the migration
rate of TCPP or TDCPP from foam and their concentrations in the foam tested, this
variable could not be included in the algorithm used to estimate dermal exposure.
Dermal absorption of TCPP and TDCPP through the skin has also been investigated.
The EU RARs for TCPP and TDCPP (TNO Quality of Life 2005, 2006b cited in EU RAR
2008a,b) describe in vitro dermal absorption studies using human skin membranes with
direct application of radiolabelled TCPP and TDCPP giving maximum total absorptions
of 23% and 40% of TCPP and 15% of TDCPP. The two absorption values of 23 and
40% for TCPP were derived from studies testing different doses. The dermal absorption
of 40% was based on testing with lower concentrations that were considered more
representative of exposure from dermal contact with foam; this value was used in
estimating dermal exposure from contact with furniture or mattreses containing TCPP
(TNO Quality of Life 2005). The dermal absorption value of 15% for TDCPP derived
from an in vitro study was based on a dose which was higher than that typically
received from exposure to foam furniture (i.e., not considered representative) and
therefore was adjusted in the EU RAR (2008b) based on the ratio of absorption values
from the in vitro studies conducted on TCPP (i.e., multiplied by a factor of two). This
resulted in an adjusted dermal absorption value of 30% for TDCPP (EU RAR 2008b);
this value was used in estimating dermal exposure from contact with furniture or
mattreses containing TDCPP.
The highest estimates of daily exposure to TCPP and TDCPP from prolonged dermal
contact with mattresses or furniture containing polyurethane flexible foam were for
infants and were estimated to be 0.54 mg/kg-bw/day and 5.0 × 10-2 mg/kg-bw/day,
respectively. Further details on the assumptions used to derive the dermal exposure
estimates are provided in Appendix D.
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Estimates of exposure from mouthing a foam object were calculated based on migration
rates for TCPP and TDCPP that were determined by the Danish EPA (2015) in
experiments that were more representative of migration during mouthing than the
surface migration studies used in the dermal exposure estimates. Foam from children’s
products (i.e., child restraint seats, baby slings, baby mattresses) were submerged in
sweat simulant and incubated at 37 °C for 3 hours (Danish EPA 2015). It is assumed
that migration of TCPP and TDCPP to sweat simulant would be similar to migration in
saliva. This resulted in average migration rates of 1.78 × 10-2 mg/cm2/hr and 2.97 × 10-3
mg/cm2/hr for TCPP and TDCPP, respectively (ECHA 2018). Assuming a foam object is
mouthed over a surface area of 10 cm2 for infants and 20 cm2 for toddlers during a
mouthing event of 24.5 min per day (Norris and Smith 2002 cited in US EPA 2011)
results in intake estimates of 9.7 and 9.4 µg/kg-bw per day for TCPP for both infants
and toddlers and intake estimates of 1.6 µg/kg-bw per day for TDCPP for infants and
toddlers. Further details of assumptions used to derive the oral exposure estimates are
provided in Appendix D.
Table 8-1. Estimated systemic exposure to TCPP and TDCPP from mouthing and
dermal contact with flexible polyurethane manufactured items.
Exposure
Route and
Duration
Dermal (daily)

Dermal (daily)

Dermal (daily)
Mouthing
(Intermittent)
Mouthing
(Intermittent)

Source
Foam in
children’s
mattresses or
furniture
Foam in
children’s
mattresses or
furniture
Foam in
mattresses or
furniture
Foam in
children’s
products
Foam in
children’s
products

Systemic
exposure to
TCPP

Systemic
exposure to
TDCPP

Infant (0–6
mos; 7.5 kg)

0.16 – 0.54
mg/kg-bw/day

1.5×10-2 – 5.0
× 10-2
mg/kg-bw/day

Toddler (0.5–4
yr; 15.5 kg)

0.11 – 0.41
mg/kg-bw/day

1.0×10-2 –
3.8×10-2
mg/kg-bw/day

Adult (70.9 kg)

0.04 – 0.19
mg/kg-bw/day

3.8×10-3 –
1.7×10-2
mg/kg-bw/day

Infant (0–6
mos; 7.5 kg)

9.7 × 10-3
mg/kg-bw/day

1.6 × 10-3
mg/kg-bw/day

Toddler (0.5–4
yr; 15.5 kg)

9.4 ×10-3
mg/kg-bw/day

1.6 ×10-3
mg/kg-bw/day

Age Group

TCPP and TDCPP are used in other manufactured items, such as specialized textiles
for TDCPP (i.e., tent material) and various automotive parts found in the interior of
vehicles for both substances (ECCC 2013-2014). One study detected TDCPP in the
textile of three of 11 tents tested (Keller et al. 2014). While exposure to TCPP or
TDCPP can occur via these products, the exposure potential from use of these products
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is not expected to be higher than that from flexible polyurethane foam due to the
comparatively high frequency and duration of use of the foam products (i.e., mattresses,
children’s products).
8.1.2.2 Other products available to consumers
In Canada, TCPP is reported to be used as an additive in several types of spray
polyurethane foam (SPF) insulation (ECCC 2013-2014). According to the U.S. EPA’s
website on SPF insulation, although two-component low pressure kits and onecomponent foam are used by professional applicators, these types of products are also
available for do-it-yourself (DIY) applicators (U.S. EPA 2015). As such, two scenarios
were developed for homeowners conducting DYI SPF insulation projects, i.e., a onecomponent can for smaller scale tasks and a two-component low-pressure kit for larger
scale tasks. While SPF insulation product labels specify personal protection measures,
such as the use of gloves or respiratory protection, exposure estimates derived do not
consider that individuals are wearing personal protective equipment, given such
equipment may not be readily accessible to consumers or may not be properly handled
by consumers. Application of these product types is expected to occur infrequently (i.e.,
once every five years (RIVM 2007)).
For a one-component small scale project (i.e., sealing gaps around windows and
doors), inhalation and dermal exposures to TCPP were estimated using ConsExpo Web
(2016). The mean event air concentration of TCPP for the small scale project was
estimated to be 180 µg/m3, equivalent to an intake of 0.88 µg/kg-bw/event through
inhalation. Dermal uptake of TCPP during this same activity was estimated to be 6.8
µg/kg-bw/event. Details regarding this scenario are described further in Appendix E,
Tables E1 and E3.
For a two-component large scale project (i.e., insulating an attic by a homeowner),
inhalation and dermal exposures to TCPP were also estimated. One study is available
in which air concentrations of TCPP were measured during the application of a twocomponent SPF for a large scale project completed by professionals (full wall spraying;
ACC 2012). Monitoring results for the low-pressure system from this study were
considered representative of a homeowner scenario. Concentrations of TCPP in the
applicator’s breathing zone were reported to be between 477 and 2,940 µg/m3 (ACC
2012), resulting in an intake ranging from 2.3 and 14 µg/kg-bw/event (Appendix E,
Table E4) through inhalation. This study also reported TCPP concentration in air (27 to
45 µg/m3), one to two orders of magnitude (approximately 10 to 100 times) lower during
the post-spray testing (ACC 2012). TCPP dermal uptake for this scenario was estimated
to be 635 µg/kg-bw/event during application of the two-component product based on the
use of ConsExpo Web (2016). Details regarding this scenario are described further in
Appendix E, Table E2.
TCPP can also be found in a waterproofing spray intended for use as a Do-It-Yourself
spray for the exterior of tents (SDS 2014). This product is intended for outdoor
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application once the tent is assembled (SDS 2014). Given that this application is done
outdoors, inhalation exposure from the sprayed product is expected to be minimal. The
waterproofing spray may contact 50% of the hands (455 cm 2) resulting in a dermal load
of 0.071 mg/cm2 (equivalent to 4.7 µg/kg-bw/event) and a systemic exposure of 1.8
µg/kg-bw/event (Appendix E, Table E5).

8.1.3 Biomonitoring
Some biomonitoring studies have been identified that measure urinary concentrations of
bis(1-chloro-2-propyl) phosphate (BCPP), a possible biomarker for TCPP (Kosarec et
al. 2016; Yang et al. 2019; Ospina et al. 2018; Butt et al. 2014; Castorina et al. 2017;
Petropoulou et al. 2016; He et al. 2018; Chen et al. 2018). However, the frequent low
detection level of BCPP may be a result of the low formation yield of BCPP from TCPP
(Van den Eede et al. 2013) and the authors suggested that more research was needed
to determine a suitable biomarker for TCPP (Butt et al. 2014).
There have since been a number of studies on the metabolism of TCPP (Abdallah et al.
2015, Van den Eede et al. 2015b and 2016), but there is still uncertainty surrounding
the most appropriate biomarker for this substance; therefore intakes based on the
human biomonitoring data for TCPP were not derived.
TDCPP is extensively metabolized in the human body, resulting in a major metabolite:
the diester of TDCPP, bis(1,3dichloro-2-propyl) hydrogen phosphate (BDCPP) (Van den
Eede et al. 2013). BDCPP has been identified as the major metabolite (over 60% in rat
urine) in in vivo rat toxicokinetic studies (Nomeir et al. 1981; Lynn et al. 1980, 1981).
BDCPP has been monitored in human urine in Canada (Kosarac et al. 2016; Yang et al.
2019) and in several studies from the U.S., including at a national level by the National
Health and Nutrition Examination Survey (NHANES), in pregnant women and in toddlers
(Ospina et al. 2018; Hoffman et al. 2014; Butt et al. 2014). Since BDCPP is the diester
form of TDCPP, it is considered to be a specific metabolite of TDCPP and an appropriate
biomarker in urine samples for estimation of exposure to TDCPP. Additional information
on this metabolite is provided in Section 8.2.2.3.
Two Canadian biomonitoring studies that measured BDCPP in urine samples were
identified (Kosarac et al. 2016; Yang et al. 2019). Yang et al. (2018) detected BDCPP in
73% of spot urine samples from 44 premenopausal women from Toronto and Ottawa
with unadjusted BDCPP concentrations in urine ranging from 0.104 to 13.8 ng/mL. The
geometric mean and 95th percentile unadjusted concentrations of BDCPP in urine were
reported to be 0.740 ng/mL and 4.32 ng/mL, respectively (Yang et al. 2019). Kosarac et
al. (2016) collected urine samples from pregnant women (n=24) in the Hamilton region
of Ontario, Canada from 2010 to 2012. BDCPP was detected in approximately 29% of
samples at concentrations (unadjusted for hydration status) ranging from <0.25 to 1.77
ng/mL (MDL of 0.25 ng/mL) with a geometric mean of 0.27 ng/mL. Urine samples were
also collected from 8 pregnant women (ages from 28 to 36 years old at conception) in
Chapel Hill, North Carolina, U.S., between December 2011 and May 2012, during
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pregnancy and after birth (Hoffman et al. 2014). A total of 39 urine specimens were
collected (3 samples during the 18th week of pregnancy (spot and 24 hr sample), 1 spot
sample during the 28th week and a spot sample shortly after the child’s birth, one
woman did not provide a sample shortly after birth). BDCPP was detected in 38 of 39
urine samples, and the maximum specific gravity (SG)-corrected concentration was
34.3 ng/mL, with a 95th percentile of 7.1 ng/mL and a geometric mean of 2.1 ng/mL
(personal communication Hoffman to Health Canada, 2014 June). Based on analysis of
the urine samples, the authors suggest that exposure to TDCPP is variable for pregnant
women and that a single measure of BDCPP, taken in the second trimester, likely
captures information on the rank order of exposure throughout pregnancy.
In the United States, spot urine samples from the 2013-2014 National Health and
Nutrition Examination Survey (NHANES) were analyzed for BDCPP (Ospina et al.
2018). Of the 2666 samples, BDCPP was detected in 92% of the samples (LOD = 0.11
µg/L). The geometric mean concentration of BDCPP for all age groups (6 to 60 plus
years) was 0.856 µg/L (0.913 µg/g creatinine corrected) with a 95th percentile of 7.23
µg/L (6.30 µg/g creatinine corrected). Children aged 6 to 11 years old had the highest
urinary concentrations of BDCPP with a geometric mean of 2.25 µg/L (2.89 µg/g
creatinine corrected) and a 95th percentile of 14.9 µg/L (14.8 µg/g creatinine corrected).
Adults 60 years of age and older had the lowest BDCPP concentrations with a
geometric mean of 0.497 µg/L (0.599 µg/g creatinine corrected) and a 95 th percentile of
5.20 µg/L (4.03 µg/g creatinine corrected).
In a paired mother and toddler study, spot urine samples were collected from 22
mothers and 26 “paired” children (5 mothers were paired with 2 children; one mother did
not provide child’s urine) from Princeton, New Jersey and analyzed for BDCPP (Butt et
al. 2014). BDCPP was detected in 100% of samples for both mothers and toddlers.
Maximum concentrations corrected for specific gravity (SG) were 11.0 ng/mL for
mothers and 251 ng/mL for toddlers with geometric means of 2.4 ng/mL and 5.6 ng/mL
for mothers and toddlers, respectively. The authors determined a positive correlation
between the mothers and toddlers for BDCPP and this trend may indicate that a shared
environment is an important determinant of TDCPP exposure (Butt et al. 2014). In
Australia, BDCPP concentrations in infants were also found to be higher than adults
(Van den Eede et al. 2015a). The widespread use of TDCPP in children’s products
(Stapleton et al. 2011, CEH 2013b, Health Canada 2014, 2015b) as well as the unique
behaviours of young children (i.e., mouthing and hand-to-mouth) could explain the
higher BDCPP concentrations observed in children’s urine compared to adults.
Additional biomonitoring data has been identified in the U.S. (Cooper et al. 2011;
Carignan et al. 2013b) as well as in Australia (Van den Eede et al. 2015a). Carignan et
al. (2013b) reported a positive trend between urinary BDCPP and TDCPP in office dust,
which was not observed in other environments (i.e., homes and vehicles). Another study
in Boston measured BDCPP levels in urine and correlated those concentrations with
dust levels in individual homes (Meeker and Stapleton 2010; Meeker et al. 2013). A
statistical analysis concluded a weak (rS = 0.31) but statistically significant (p = 0.03)
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correlation between concentrations of BDCPP in urine (uncorrected for SG) and
concentrations of TDCPP in house dust (Meeker et al. 2013).
Reverse dosimetry was used to derive estimates of daily intakes from the urine
concentrations for a selection of the most relevant studies (i.e., Canadian studies,
studies with large sample size from countries similar to Canada and studies that
examined younger children not covered by other studies) to account for various age
groups (children to adults) as well as for pregnant women, and results are shown in Table
8-2. A correction factor for incomplete excretion of BDCPP of 21% was applied to the
estimate. This was based on a combination of data from toxicokinetic studies conducted
in rats (Minegishi et al. 1988; Nomeir et al. 1981; Lyn et al. 1980, 1981) (details in
Appendix F). The metabolism of TDCPP and excretion in urine from rats is relatively
rapid, with a urinary half-life of approximately 12 hours (Minegishi et al. 1988). In addition,
the relatively rapid metabolism is consistent with the in vitro study in human cells by van
den Eede et al. (2013). More details on the toxicokinetics of TDCPP are provided in
Section 8.2.2.3. Details regarding the reverse dosimetry are provided in Appendix F.
Table 8-2. Urinary BDCPP concentrations and estimates of intakes using reverse
dosimetry (see Appendix F for details).

Study

Participants

Location

Geometric mean
and [maximum]
or [95th
percentile] of
urinary
concentrations
(ng/mL)

Intake
estimates
(μg/kgbw/day)a

Kosarac et
al., 2016

Pregnant
Females (n=24)

Hamilton, ON,
Canada

0.27b [1.77]

0.07 [0.43]

Yang et al.,
2018

Premenopausal
Females (n=44)

Toronto and
Ottawa, ON,
Canada

0.74b [P95=4.32]

0.13 [0.79]

New Jersey,
U.S.

5.6c [251]

1.6 [72]d

U.S.

2.89d [P95=14.8]

0.39 [2.0]

U.S.

1.14d [P95=6.82]

0.17 [1.0]

U.S.

0.850de
[P95=4.33]

0.13 [0.66]

Toddlers (2 to 5
years; paired
with mothers)
(n=23)
Children (6 to
Ospina et al.,
11 years)
2018
(n=421)
Ospina et al., Teens (12 to 19
2018
years) (n=427)
Adults (20 to 60
Ospina et al.,
+ years)
2018
(n=1818)
Butt et al.,
2014
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Abbreviations: P95, 95th percentile
a Intake estimates are based on the geometric mean concentration listed under previous column. Value in
brackets refers to intake estimate derived from the maximum or P95 shown in previous column.
b Urinary concentrations are unadjusted.
c Concentrations are normalized to specific gravity (as reported in the studies).
d Concentrations are creatinine corrected (as reported in Ospina et al., 2018).
e Concentrations from 20 to 59 year olds are used (concentrations for older adults, 60 years and older,
were lower).

8.2 Health effects assessment
8.2.1 TCPP
8.2.1.1 Carcinogenicity and genotoxicity
No chronic or carcinogenicity studies of TCPP were identified. The US National
Toxicology Program (NTP) (2018) has conducted 90-day and two-year oral toxicity and
carcinogenicity studies in both rats and mice, but a study report was not available at the
time of assessment. The concern for potential carcinogenicity was due to structural
similarity to other organophosphate esters that showed carcinogenic effects in two-year
carcinogenicity studies in experimental animals.
Several other lines of evidence were investigated to characterize the carcinogenic
potential of TCPP (more detail is available in Health Canada 2015a), including the
analogue approach, the quantitative structural activity (QSAR) approach and the
structural alerts approach. It was considered that TCEP and TDCPP may be used for
qualitative read-across for carcinogenicity. The Government of Canada has published a
final screening assessment for TCEP (Environment Canada, Health Canada 2009) and
concluded that TCEP demonstrated carcinogenic potential, and that it could not be
precluded that the induction of tumours could be via a mode of action involving direct
interaction with genetic material. The human health effects assessment for TDCPP
described in Section 8.2.2 shows that TDCPP is associated with carcinogenic potential.
Overall, the evidence suggests that TCPP may be carcinogenic in rodents.
A number of in vitro and in vivo genotoxicity studies were identified.
Most of these studies are described in detail in the EU RAR for TCPP (EU RAR 2008a).
In vitro genotoxicity studies (Ames assays) showed little evidence of mutagenic
potential in bacteria and fungi (Stauffer Chemical Co. 1976, 1978d; Parmar 1977;
Tenneco Chemicals Inc 1977a, b; Nakamura et al. 1979; Anon 1980; Mobil
Environmental and Health Safety Laboratory 1980; SafePharm Laboratories Ltd 1992;
Zeiger et al. 1992; Follmann and Wober 2006). In vitro studies tested in mammalian
cells (mouse lymphoma assays, unscheduled DNA synthesis [UDS] assays, comet
assays) generated equivocal results (Stauffer Chemical Co. 1978e,f,g, 1980a;
Environmental Affairs and Toxicology Department 1981; Covance Laboratories Inc.
2005b; Bayer 1991b; Williams et al. 1989; Follmann and Wober 2006). One of the in
vitro mouse lymphoma assays conducted according to OECD guidelines generated
positive results in the presence of S9, suggesting clastogenicity potential of a
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metabolite. Results of some in vivo assays (micronucleus assays and comet assays)
were negative (Bayer 1991c; Covance Laboratories Inc. 2006). Other in vivo studies
(UDS assays, chromosomal aberration assays) generated equivocal results or negative
results associated with limitations to the studies (Stauffer Chemical Co. 1978h; Bayer
Healthcare 2005).
The US National Toxicology Program (NTP) recently conducted in vivo micronucleus
assays in male and female B6C3F1 mice and Sprague-Dawley rats (NTP 2018). Cells
were collected from peripheral blood of animals that were orally fed 0, 1250, 2500,
5000, 10000 or 20000 ppm TCPP in diet, 5 days a week for 90 days. The corresponding
intakes were 0, 163, 325, 650, 1300 and 2600 mg/kg-bw/day, respectively. The final
report is not yet available, but original data are presented on the NTP website. Positive
results were observed in male mice. Results were negative in male and female rats and
in female mice.
Overall, TCPP is not considered to be genotoxic in vivo (EU RAR 2008a).
8.2.1.2 Toxicokinetics
Several oral or intravenous dosing toxicokinetic studies conducted on experimental rats
were identified (Minegishi et al. 1988; Stauffer Chemical Co. 1984). Based on these
studies, oral absorption of TCPP appears to be at least 75%. TCPP is widely distributed
in tissues including liver, kidney, lung and adipose tissue. The actual amount detected
in these tissues was very low suggesting low bioaccumulation. The biliary/faecal
excretion ratio suggested enterohepatic re-circulation from the GI tract after oral
administration. TCPP is extensively metabolized prior to excretion. Urinary excretion is
the primary route of elimination of TCPP, but both urinary and faecal excretions are
dose-dependent and route dependent (oral and i.v.). One study (Stauffer Chemical Co.
1984) found that for the same dose level (20 mg/kg) administered orally or by i.v., the
urine excretion was 49% for oral and 63% for i.v. routes. The faecal excretion was 40%
for oral and 27% for i.v. routes. The total elimination via the two routes was rapid and
constant, averaging 89% of the dose at 72h. In the same study, Stauffer Chemical Co.
(1984) also administered a higher oral dose level (200 mg/kg). It was found that the
urine excretion was 70% and faecal excretion was 22% suggesting dose-dependent
excretion pattern. Approximately 2% of TCPP is excreted unchanged. A major
metabolite identified in both urine and faeces, accounting for over 50% of the dose, is
0,0-[bis(1-chloro-2-propyl)]-0-(2,propionic acid)phosphate (triester form of TCPP with
carboxylic acid substituting a chlorine atom). It was suggested that this major metabolite
is responsible for the dose-dependent excretory pattern. At low doses, this metabolite
was excreted approximately equally in the urine and faeces. At high doses, it was
excreted predominantly in the urine. Other metabolites identified include possible
products from hydrolysis reaction: diester form of TCPP, bis(1-chloro-2-propyl)
monophosphoric acid and halo-alcohol, 1-chloro-2-propanol. 1-chloro-2-propanol, is a
demonstrated mutagen in in vitro genotoxicity studies, but did not induce any tumours in
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two-year drinking water carcinogenicity studies conducted in both rats and mice (NTP
1998).
There are in vitro studies that have investigated TCPP metabolism (Study Submission
2013, Van den Eede et al. 2013, Abdallah et al. 2015, Van den Eede et al. 2015b and
2016) but uncertainty remains with respect to the toxicokinetics of this substance in
humans.
Two in vitro dermal absorption studies, conducted according to OECD guidelines, were
identified (TNO Quality of Life 2005, 2006b) (see section 8.1.2.1). The in vitro dermal
absorption studies used human skin membranes with direct application of radiolabelled
TCPP resulting in maximum total absorptions of 23% and 40%. The two absorption
values of 23 and 40% for TCPP were derived from studies testing different doses (see
section 8.1.2.1).
8.2.1.3 Repeated dose toxicity
In a 14-day study, Sprague-Dawley rats (10/sex/dose) were treated with 0, 4200, 6600,
10600 or 16600 ppm of TCPP in diet (Stauffer Chemical Co 1980b). The corresponding
intakes were 0, 417, 648, 1015 and 1636 mg/kg-bw/day for males and 0, 382, 575, 904
and 1517 mg/kg-bw/day for females, respectively. For males, a NOAEL of 10 600 ppm
(1015 mg/kg-bw/day) was identified based on reduced weight gain during the first week
of treatment compared to controls at 16 600 ppm. Weight gain was not different from
controls during week two. Food consumption was significantly reduced in the first 3
days of the study in male rats in the two highest treatment groups. For the remainder of
the study, food consumption of all treated groups was similar to control groups. For
females, the NOAEL was 16 600 ppm (1517 mg/kg-bw/day), the highest dose tested.
In an oral gavage study, male and female Wistar rats (6/sex/dose group) were treated
with 0, 10, 100 or 1000 mg/kg-bw/day of TCPP for 28 days (Bayer 1991d). The study
was conducted according to “EC guidelines” (EU RAR 2008a). A preliminary 7-day
study was first conducted on male rats indicating no treatment-related effects observed
when animals were dosed up to 1000 mg/kg-bw/day for 7 days. In the main study, a
NOAEL of 100 mg/kg-bw/day was identified. Three animals died at 1000 mg/kg-bw/day
(1 male rat died probably due to treatment error and 2 female rats died that could be
treatment-related). Absolute and relative liver weights were significantly increased in
both males and females at 1000 mg/kg-bw/day. All male rats in the 100 mg/kg-bw/day
dose group except one exhibited minimal periacinary hepatocyte hypertrophy. One male
rat at 100 mg/kg-bw/day and all male rats at 1000 mg/kg-bw/day dose group developed
slight hypertrophy of the periacinary hepatocytes. TCPP treated female rats did not
exhibit any hepatic alterations. Clinical chemistry indicated significant decrease in
alanine aminotransferase activity in both male and female rats in the 1000 mg/kgbw/day dose group.
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The EU (EU RAR 2008a) described an unpublished 13-week study where SpragueDawley rats (20/sex/dose) were treated with 0, 800, 2500, 7500 or 20 000 ppm of TCPP
in diet (Stauffer Chemical Co. 1981c cited in EU RAR 2008a). The corresponding
intakes were 0, 52, 160, 481 and 1349 mg/kg-bw/day for males and 0, 62, 171, 570 and
1745 mg/kg-bw/day for females, respectively. For males, a LOAEL of 800 ppm (52
mg/kg-bw/day), the lowest dose level tested, was determined based on all treated
males exhibiting a significant increase in absolute and relative liver weights,
accompanied by mild thyroid follicular cell hyperplasia. The incidences of thyroid
follicular cell hyperplasia were 0/20, 2/20, 2/20, 5/20 and 8/20 at 0, 800, 2500, 7500 or
20000 ppm, respectively. At 2500 ppm, a significant increase in relative kidney weight
was observed, accompanied with mild renal cortical tubule degeneration (hyaline
droplet formation). For females, a NOAEL of 2500 ppm (171 mg/kg-bw/day) was
identified with a LOAEL of 7500 ppm based on significant increase in absolute and
relative liver weights. At 20 000 ppm, mild renal cortical tubule vacuolative degeneration
(4 animals, compared to 1 control animal) and mild thyroid follicular cell hyperplasia
(5/20 treated vs 0/20 control) were observed in the female rats. Periportal hepatocyte
swelling (hypertrophy) was observed at 20 000 ppm in both males (7/20 treated vs. 0/20
control) and females (8/20 treated vs. 5/20 control). The mean body weights of male
and female rats in the high dose groups were significantly lower than the control
animals. There were no significant alterations in clinical chemistry, haematology or
urinalysis parameters. No treatment-related changes in plasma, erythrocyte or brain
cholinesterase activity were observed.
Freudenthal and Henrich (1999) published a journal article on a subchronic toxicity
study, in which the data were very similar to the Stauffer Chemical Co. study (1981c)
described in the EU RAR (2008a), and are likely from the same study. Sprague-Dawley
male and female rats (20/sex/dose) were treated with 0, 800, 2500, 7500 or 20 000 ppm
of TCPP in diet. Similar changes in absolute and relative liver weights, relative kidney
weights and mean body weights at the same dose levels as reported in the EU RAR
(2008a) were described. However, the reported incidences of histopathology
observations were not identical in those described in EU RAR (2008a). A LOAEL of 800
ppm was identified based on a significant increase in absolute and relative liver weights
and mild thyroid follicular cell hyperplasia in males (EUR 2008a).
NTP (2018) has conducted a 90-day study where B6C3F1 male and female mice were
orally fed with 0, 1250, 2500, 5000, 10 000 or 20 000 ppm of TCPP in diet. The
corresponding intakes were 0, 163, 325, 650, 1300, 2600 mg/kg-bw/day respectively. A
study report is not yet available. Preliminary results indicate male mice exhibited a
significant decrease in body weight starting from 2500 ppm. A similar effect was
observed in female mice, but at higher dose of 10 000 ppm. Histopathology
observations reported incidences of liver hypertrophy in male mice starting from 2500
ppm, which was also observed in female mice starting from 5000 ppm. In male mice,
but not in female mice, incidences of cytoplasmic alteration of the renal tubule in the
kidney were observed starting from 2500 ppm. The rat study showed similar effects
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starting at dose of 10 000 ppm. Hematological effects were also observed in both
sexes. Mortality in males receiving 20 000 ppm was high (NTP 2018).
8.2.1.4 Reproductive toxicity
An oral two-generation reproductive toxicity study in rats was conducted in accordance
with OECD guidelines (TNO Quality of Life 2007 cited in EU RAR 2008a). This study
included a preliminary range-finding study of a one-generation reproductive toxicity
study. It was noted that there was a deviation from the study plan, the corpora lutea
were not counted at scheduled sacrifice.
In the preliminary study, male and female rats were treated for 5 weeks prior to mating
and during mating. Females were treated during gestation and lactation to post-natal
day (PND) 21. Dams were sacrificed for necropsy at PND21. Males were sacrificed
after at least 42 days of exposure. Rats (10/sex/dose) were orally fed 0, 1500, 5000 or
15 000 mg/kg diet containing TCPP. The administered doses were equivalent to 0, 95,
325 and 1000 mg/kg-bw/day, respectively, in male rats. In female rats, the administered
doses were equivalent to 0, 108, 370 and 1176 mg/kg-bw/day, respectively, during
premating; 0, 100, 314 and 963 mg/kg-bw/day, respectively, during gestation; and 0,
193, 680 and 1930 mg/kg-bw/day, respectively, during lactation. In parental (F0)
females, the LOAEL was 1500 mg/kg diet (100-193 mg/kg-bw/day) based on a
significant decrease in mean absolute and relative uterus weights at all treatment
doses. This effect was independent of weight loss as a significant decrease in mean
terminal body weight was observed in the high dose group only. In parental F0 males,
the LOAEL was 95 mg/kg-bw/day based on a significant decrease in absolute prostate
weight. Statistically significant decrease absolute prostate weight was observed in the
low- and high- dose groups, with a non-significant decrease in mid-dose animals. No
effects on motility or count of epididymal sperm or sperm morphology were observed.
Changes in organ weights were not associated with any gross or histopathological
changes. In terms of reproductive parameters, there were no effects on pre-coital time,
mating index and male and female fertility index. The number of pups delivered and the
sex ratio were not affected by treatment. Pup mortality was significantly higher in the
high-dose group, including all 8 pups of one dam.
In the main study, the F0 parents, 28 Wistar rats per sex per group received TCPP in
their daily diet for at least 10 weeks during premating and mating. Females were also
treated throughout gestation (approximately 3 weeks) and lactation (3 weeks) until
sacrifice. At weaning (PND21), F1 offspring (28 animals per sex per group, selected at
random) were treated with TCPP for at least 10 weeks of exposure during their growth
into adulthood and during mating. Female F1 animals continued to be treated during
gestation and lactation until the F2 generation was weaned on PND21. The reported
overall intakes were 0, 85, 293 or 925 TCPP mg/kg-bw/day in males and 0, 99, 330 or
988 mg/kg-bw/day in females.
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In terms of effects on reproductive parameters, no treatment-related differences were
observed in pre-coital time, mating index, female fecundity index, male and female
fertility index and duration of gestation in both generations. A non-significant increase in
post-implantation loss in the F1 generation was observed. All dams survived the
delivery and there were no dams with stillborn pups in any of the groups. The mean
number of pups delivered was decreased in the mid dose of F1 and in the high dose of
F0 and F1, including the loss of one litter (10 pups) of a single dam in the high-dose
group. In males, there were no treatment-related effects on epididymal sperm motility or
sperm count, sperm morphology or mean testicular sperm count in F0 and F1 at
necropsy.
The LOAEL for the F0 generation of females was the lowest dose tested of 99 mg/kgbw/day based on a significant decrease in mean absolute and relative uterus weights
and effects on oestrus cycle in females. Effects on oestrus cycle were observed,
including a significant increase in the mean length of the longest oestrus cycle at all
doses. At the high dose, a significant decrease in the number of oestrus cycle per
animal and a significant increase in the number of acyclic animal were observed. In F1
females, a similar effect on uterus weights and oestrus cycles reached statistical
significance at the high dose. The LOAEL for F1 females was 99 mg/kg-bw/day based
on a significant decrease in absolute pituitary weight at all doses. In F0 males, the
NOAEL was 85 mg/kg-bw/day based on a significant decrease in mean terminal body
weight and mean absolute seminal vesicles at the next dose level of 293 mg/kg-bw/day.
In F1 males, the LOAEL was 85 mg/kg-bw/day based on a significant decrease in mean
absolute kidney weight observed at all treatment doses. No treatment-related macro- or
microscopical changes were observed in the F0 or F1 animals.
Follmann and Wober (2006) conducted in vitro studies to examine potential estrogenic
or anti-estrogenic effects of TCPP. No estrogenic or anti-estrogenic effect was observed
in a recombinant yeast reporter gene assay tested in human endometrial cancer
Ishikawa cells. Kojima et al. (2013) used cell-based transactivation in vitro assays to
examine potential agonistic and/or antagonistic activities of TCPP against a number of
human nuclear receptors. Overall, TCPP had no agonistic or antagonistic activities
against nuclear receptors except a weak agonistic activity against PXR.
8.2.1.5 Developmental toxicity
In the preliminary range-finding study of the two-generation reproductive toxicity study
described in Section 8.2.1.4 (TNO Quality of Life 2007 cited in EU RAR 2008a), it was
reported that a significant number of runts was observed at all treatment doses on
PND21. The EU RAR (2008a) did not provide their definition of runt. The OECD SIDS
Initial Assessment Profile for TCPP (OECD 2009) defined runt as a pup with a weight
less than the mean pup weight of the control group minus 2 standard deviations. In F0
animals, there was a significant decrease in body weight in the mid-dose group (293
mg/kg bw/day for males, 32.9 mg/kg bw/day for females) during premating. A similar
body weight effect was observed in the mid- (293 mg/kg bw/day for males, 32.9 mg/kg
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bw/day for females) and high-dose (925 mg/kg bw/day for males, 988.2 mg/kg bw/day
for females) groups during gestation and lactation. Overall, the LOAEL was 925 mg/kg
bw/day for males and 988.2 mg/kg bw/day for females based on a significant increase
in the number of runts.
In the main two-generation reproductive toxicity study described in Section 8.2.1.4 (TNO
Quality of Life 2007), parameters related to developmental effects were examined in F0,
F1 and F2 generations.
In F0 generation, a significant increase in the number of runts was observed at 99
mg/kg-bw/day or higher on PN1. The mean number of pups delivered was decreased in
the high dose group. There was a significant increase in pup mortality during PN1-4 in
the low- and high-dose groups, but it did not reach statistical significance in the middose group. The mean pup weights were normal on PN1, but significantly decreased
from PN14 onwards in the high-dose group. A significant decrease in absolute and
relative spleen weights was observed in the mid- and high-dose groups. Maternal body
weight was decreased in high dose females during gestation. Mean food consumption
was decreased in F0 females in mid- and high-dose groups.
In the F1 generation, a significant increase in the number of runts was reported from F1
females treated with 99 mg/kg-bw/day and higher on PN21. The mean number of pups
delivered and the mean number of live pups per litter were decreased in mid- and highdose groups. In the high-dose group, there was a loss of all 10 pups in one litter from a
dam on PND4. The mean pup weights were normal on PND1, but significantly
decreased from PND7 onwards in the high-dose group and on PND21 in the mid-dose
group. A significant decrease in absolute and relative spleen weights was observed in
the mid- and high-dose groups. Maternal body weights were decreased in mid- and
high-dose animals in F1 generation throughout premating, gestation and during
lactation. Mean food consumption was decreased in F1 females of mid- and high-dose
groups.
Anogenital distance was measured in all F2 pups on PND1, which was found to be
comparable to controls. Sexual maturation parameters (vaginal opening and preputial
separation) were assessed in 1 male and 1 female F2 pup per litter. A non-significant
delay of the vaginal opening and a significantly delayed preputial separation were
observed at the high dose. Body weights of the high-dose male and female F2 pups
were significantly decreased from PND28 until PND42. “The effects observed in this
dose group on vaginal opening and preputial separation is most likely secondary to
toxicity” (EU RAR 2008a). These effects could be secondary to systemic toxicity as the
body weights of the high-dose male and female F2 pups were significantly decreased
from PND28 until PND42.
In both generations, the pups that were found dead showed no abnormalities. No
treatment-related macroscopic findings were observed in the pups at necropsy.
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Overall, a developmental LOAEL of 1500 mg TCPP/kg diet (99 mg/kg-bw/day) was
identified in this study based on a significant increase in the number of runts observed
in F0 generation on PND1. Similar effects were observed in F1 generation on PND21
but not on PND1. The EU (EU RAR 2008a) established the same LOAEL for this study
based on a weight-of-evidence approach and considered this to be a relatively
precautionary LOAEL as the effects on runts was not observed in both generations on
PND1.
NTP (2018) has also conducted a teratology study (GD6-20) where SD female rats
were treated with 0, 162.5, 325 or 650 mg/kg-bw/day of TCPP by gavage. A study
report is not yet available. Preliminary results indicated increase in liver weight in all
concentrations in dams. Decreased fetal weights were observed in the 650 mg/kgbw/day group. No other significant effects were observed other than some skeletal
variation in fetuses that was also present in the control group. Non-significant increases
in body weight and food consumption in dams were also observed.
8.2.1.6 Neurotoxicity
In an acute neurotoxicity study, 4 female hens were orally administered 13 200 mg/kgbw of TCPP (Sprague et al. 1981). No inhibition of plasma cholinesterase or brain
neurotoxic esterase (NTE) was observed in the treated animals. In the second part of
the study, 18 female hens were orally administered 13 200 mg/kg-bw of TCPP twice, 21
days apart. Animals showed signs of systemic toxicity (significant reduction in food
consumption, decreased mean body weights, feather loss and cessation of laying). One
out of 18 hens died on day 4. Histological examination showed 2 hens with minimal
axonal degeneration in dorsal funiculi of the cervical, ventro-lateral funiculi of thoracic or
ventromedial funiculi of the sacro-lumber spinal cord, tracts known to be sensitive to
organophosphate-induced degeneration. One of these hens also showed impaired
walking behaviour. The administered dose of 13 200 mg/kg-bw was excessively above
the recommended dose limit of 2000 mg/kg-bw for acute OPIDN study in OECD
guidelines (OECD 1995). Only isolated incidences of minimal axonal degeneration was
observed in 2/18 hens and no plasma cholinesterase and NTE inhibitions were
observed; overall, the EU (EU RAR 2008a) considered that there is no concern for
acute delayed neurotoxicity.
The 13-week rat study (Stauffer Chemical Co. 1981c) described in Section 8.2.1.3,
measured cholinesterase activities. No treatment-related changes in plasma,
erythrocyte or brain cholinesterase activity were observed.
8.2.1.7 Sensitization
No skin sensitisation was observed in a Buehler’s test in guinea pigs and in a mouse
local lymph node assay (SafePharm Laboratories 1979, 2005).
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8.2.2 TDCPP
8.2.2.1 Carcinogenicity
The European Union has classified TDCPP as a Category 2 carcinogen (suspected
human carcinogen) (European Union 1998-2017).
A two-year carcinogenicity study was conducted in Sprague Dawley rats (60/sex/group)
where animals were fed diets (ad libitum) containing TDCPP (Stauffer Chemical Co.
1981a). The administered dose levels were 0, 5, 20 or 80 mg/kg-bw/day. Ten animals
per sex per group were sacrificed after 12 months of treatment as an interim group.
Non-cancer effects are described in Section 8.2.2.5. The mortality rates were
comparable between treatment groups and controls except for males in the high-dose
group, for which mortality rate was significantly higher than controls after 12 months of
treatment. Terminal body weights of male and female rats in the high-dose groups were
significantly lower than the control animals (>20%).
For the 12-month interim group and rats found dead before 12 months, the incidence of
tumours in kidney, testes, liver, brain, as well as thyroid and adrenal glands is presented
in Table 8-3 and Table 8-4. The adrenal gland, brain and thyroid gland were not
examined at the low and mid doses in both sexes. There was an increase in incidences
of testicular interstitial cell tumours in the mid and high doses. There were similar
incidences of neoplasms in all other tissues in control and treated animals.
Table 8-3. Tumour incidences in male rats of the 12-month interim groupa
Dose levels (mg/kg-bw/day)
Testicular interstitial cell tumour
Hepatocellular adenoma
Adrenal cortical adenoma
Brain gliomas (astrocytoma/
oligodendrogloima)
Thyroid gland adenoma/parafollicular cell
adenoma

0
0/14
0/15
0/15
0/15

5
0/12
0/12
N/A
N/A

20
3/13
0/13
N/A
N/A

80
3/11
3/14
2/13
0/14

0/14

N/A

N/A

0/11

N/A-Not assessed in the study
a Includes tumor incidences from rats found dead prior to 12 months

Table 8-4. Tumour incidences in female rats of the 12-month interim groupa
Dose levels (mg/kg-bw/day)
Hepatocellular adenoma
Adrenal cortical adenoma
Brain gliomas (astrocytoma/
oligodendrogloima)

0
0/11
5/11
0/11
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5
0/13
N/A
N/A

20
0/9
N/A
N/A

80
1/10
1/10
0/10

Thyroid gland adenoma/parafollicular cell
adenoma

0/9

N/A

N/A

0/6

N/A-Not assessed in the study
a Includes tumor incidences from rats found dead prior to 12 months

In the 24-month group, cancer effects were observed (Stauffer Chemical Co. 1981a).
The incidences of renal cortical adenomas (both sexes) and testicular interstitial cell
tumours (males) were significantly increased in the mid- and high-dose groups
compared to controls. At the high dose, significant increase incidences of hepatocellular
adenomas (both sexes) and adrenal cortical adenomas (females) were observed.
Tumour incidences for this group are presented in Table 8-5.
Table 8-5. Tumour incidences in male rats of the 24-month group
Dose levels (mg/kg-bw/day)
Renal cortical adenoma
Testicular interstitial cell tumour
Hepatocellular adenoma
Hepatocellular carcinoma
Brain gliomas (astrocytoma/
oligodendrogloima)
Thyroid gland adenoma/
parafollicular cell adenoma

0
1/45
7/43
2/45
1/45
0/44

5
3/49
8/48
7/48
2/48
0/4

20
9/48*
23/47*
1/48
3/48
1/1

80
32/46*
36/45*
13/46*
7/46
5/46

0/40

2/2

1/2

5/41

* Significantly different when compared to control animals (p<0.05).

Table 8-6. Tumour incidences in female rats of the 24-month group
Dose levels (mg/kg-bw/day)
Renal cortical adenoma
Adrenal cortical adenoma
Hepatocellular adenoma
Hepatocellular carcinoma
Brain gliomas (astrocytoma/
oligodendrogloima)
Thyroid gland adenoma/

0
0/49
8/48
1/49
0/49
1/46

5
1/48
5/27
1/47
2/47
1/4

20
8/48*
2/33
4/46
2/46
2/5

80
29/50*
19/49*
8/50*
4/50
1/48

3/42

0/2

N/A

9/49

parafollicular cell adenoma
* Significantly different when compared to control animals (p<0.05).
N/A-Not assessed in the study

The mode of action for the tumours observed in rodents has not been fully elucidated.
Two metabolites identified based on in vivo and in vitro studies were 1,3-DCP and 3MCPD (Nomeir et al. 1981; Lynn et al. 1981; Ulsamer et al. 1980) (see Section 8.2.2.2
for details). 1,3-DCP and 3-MCPD were classified as Category 2B carcinogens by the
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International Agency for Research on Cancer (IARC) (IARC 2012a,b). As described in
the IARC monographs for 1,3-DCP and 3-MCPD, proposed metabolic pathways
suggested that 1,3-DCP can metabolize to 3-MCPD and the metabolism of 1,3-DCP
and 3-MCPD can generate several known mutagens and genotoxic carcinogens (1,3dichloroacetone, epichlorohydrin and glycidol). Based on the identified potential
genotoxic metabolites and evidence of in vivo DNA binding in mice, the US California
EPA (2011) concluded that TDCPP may be carcinogenic through a genotoxic
mechanism. A recent in vitro metabolism study (Van den Eede et al. 2013) identified
metabolites from another pathway (oxidative dehalogenation) which involves the
generation of an aldehyde intermediate. Although aldehyde can further metabolize to
carboxylic acid or alcohol, it has the potential to bind to DNA or protein.
The EU RAR (2008b) has not identified any mode of action, but stated that testicular
interstitial cell tumours could be induced by chemicals via a non-genotoxic mode of
action through alternations in the Hypothalmus-Pituitary-Testis (HPT) Axis. Also,
hyperplasia is often considered to be a pre-cancer lesion and the EU RAR (2008b)
hypothesized that kidney tumours could have developed through hyperplastic changes.
8.2.2.2 Genotoxicity
A number of in vitro and in vivo genotoxicity studies were identified.
Most of these studies are described in detail in the EU RAR for TDCPP (EU RAR
2008b). Results were mostly negative for in vitro gene mutation assays in bacteria and
yeasts, in the presence or absence of metabolic activation (S9) (Mortelmans et al. 1986;
Soderlund et al. 1985; Stauffer Chemical Co. 1981b, 1983b; Nakamura et al. 1979;
Safepharm Laboratories Ltd 1984, 1985a; Ishidate 1983). Positive results were
observed in particular strains of Salmonella typhimurium, TA97, TA100 and TA1535, in
the presence of S9 (Stauffer Chemical Co. 1983b; Soderlund et al. 1985). In
mammalian cells, results of some in vitro assays (point mutation assay, sister chromatid
exchange assay and a limited unscheduled DNA synthesis assay) were negative
(Stauffer Chemical Co. 1977; Soderlund et al. 1985). Other in vitro assays (mouse
lymphoma assay, chromosomal aberration assay, transformation assay) generated
equivocal results (Stauffer Chemical Co. 1977, 1981b; Ishidate 1983; Inveresk
Research International 1985; Soderlund et al. 1985; Covance Laboratories Inc. 2004).
In in vivo testing, results were negative for a sex-linked recessive lethal mutations assay
in Drosophila, an unscheduled DNA synthesis (UDS) assay in rats, a micronucleus
assay in mice and a chromosomal aberration assay in mice (Stauffer Chemical Co.
1978a, 1981b; Brusick et al. 1980; Safepharm Laboratories Ltd 1985b; Covance
Laboratories Inc. 2005a). Morales and Matthews (1980) examined covalent binding of
TDCPP to macromolecules in mice intravenously treated with TDCPP. Animals were
sacrificed 6 hours after treatment. It was found that TDCPP readily bound to DNA in the
liver and kidney. TDCPP also bound to RNA and proteins in liver, kidney and muscle.
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Overall, results from in vitro genotoxicity studies suggest there is some evidence of
mutagenicity. However, results from a number of in vivo genotoxicity studies were
negative.
8.2.2.3 Toxicokinetic
Three oral toxicokinetic studies conducted in rats were identified (Minegishi et al. 1988;
Nomeir et al. 1981; Matthews and Anderson 1979). Overall, oral absorption from the
gastrointestinal tract was greater than 90%. TDCPP was rapidly distributed in the body
with high levels in kidneys, liver and lungs. The average Tmax was 9.6 h for TDCPP in
blood and tissues in an oral toxicokinetic study (Minegishi et al. 1988). Metabolic
degradation was extensive. Recovery of radioactivity 168 hours after administration was
43.2% in urine, 39.2% in faeces, 16.24% in expired air (as carbon dioxide) and 2.51% in
carcass. Recovery of radioactivity 24 hours after administration was closer to 35% in
urine (percentage was estimated in figure in reference) (Minegishi et al. 1988).
Approximately 40% of the radioactivity was excreted via the bile. Bioaccumulation was
expected to be low. The half-life of TDCPP clearance in tissues was between 1.5 and
5.4 hours depending on the tissue from a rat toxicokinetic study where TDCPP was
intravenously administered (Nomeir et al. 1981).
TDCPP metabolites were recovered from rat urine in toxicokinetic studies where
TDCPP was intravenously administered (Nomeir et al. 1981; Lynn et al. 1980, 1981).
The major metabolite identified was a diester of TDCPP, BDCPP (>60%). Lynn et al.
(1981) identified 1,3-dichloro-2-propanol (1,3-DCP), the halo-alcohol that would be
generated from hydrolysis of TDCPP to diester BDCPP, 1,3-dichloro-2-propyl
phosphate (monoester of TDCPP) and a trace amount of un-metabolized TDCPP.
Nomeir et al. (1981) noted that an unidentified polar metabolite (32%) was found in the
urine, in addition to trace amounts of 1,3-dichloro-2-propyl phosphate (0.29%) and
0.45% un-metabolized TDCPP. Ulsamer et al. (1980) reported 1,3-DCP as the only
metabolite detected in the urine of TDCPP-treated animals (rats and rabbits) but did not
provide further experimental details.
An in vitro metabolism study tested in liver samples resulted in identification of the
following metabolites: BDCPP (64%), 3-monochloro-1,2-propanediol (3-MCPD) (20%),
1,3-DCP (5.7%) and an unknown metabolite (11%) (Nomeir et al. 1981). Nomeir et al.
(1981) suggested that the absence of 3-MCPD and 1,3-DCP metabolites in urine or
expired air in their in vivo study was probably due to further metabolism of these
intermediate metabolites. Another in vitro metabolism study identified glutathione
conjugate of TDCPP (substitution of Cl) and derived metabolites (Gly-Cys-adduct and
Cys-adduct) (Study Submission 2013).
In vitro metabolism studies using rat liver fractions suggested that TDCPP was
metabolized by a NADPH-dependent microsomal mixed-function oxidase system and a
glutathione-dependent transferase system in the soluble fraction (Sasaki et al. 1984;
Nomeir et al. 1981), In an in vitro metabolism study using human liver fractions (Van
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den Eede et al. 2013), consistent with other metabolism studies, BDCPP (45%) and the
glutathione conjugate (20%) of TDCPP were identified. Another recent in vitro
metabolism study (Abdallah et al. 2015) supports these results.
An in vitro dermal absorption study tested on human skin, conducted according to
OECD guidelines (TNO Quality of Life 2006a), is described in Section 8.1.2.1. In an in
vivo study, Nomeir et al. (1981) stated that TDCPP was readily absorbed through rat
skin but the absorption rate was not stated. Distribution pattern showed the highest
concentration in the liver, followed by lungs, skin, blood, kidneys, adipose tissue and
muscle.
8.2.2.4 Repeated-dose toxicity
Kamata et al. (1989) conducted a 3-month oral subchronic study in mice (12/dose
group) in which animals were administered a diet containing 0.01,0.04, 0.13, 0.42 and
1.33% of TDCPP. The no-observed-adverse-effect level (NOAEL) for female mice was
0.01%( 15.3 mg/kg-bw/day) based on a significant increase in absolute and relative
kidney weights at the next dose level of 0.04% (61.5 mg/kg-bw/day). The NOAEL for
male mice was 0.04% (47.3 mg/kg-bw/day) based on a significant increase in relative
liver and kidney weights at the next dose level of 0.13% (171.0 mg/kg-bw/day).
In the two-year carcinogenicity study described earlier in Section 8.2.2.1 (administered
dose levels of 0, 5, 20 or 80 mg/kg-bw/day), there were non-cancer effects observed in
animals treated for both 12 or 24 months (Stauffer Chemical Co. 1981a; Freudenthal
and Henrich 2000). The administered dose levels were 0, 5, 20 or 80 mg/kg-bw/day. In
the 12-month interim group, the lowest-observed-adverse-effect level (LOAEL) was 80
mg/kg-bw/day based on a significant decrease in body weights (>20% lower than
control group weights at termination of study), significant increase in absolute and
relative liver weights and significant increase in absolute and relative kidney weights
observed in both male and female rats. For the 24-month treated animals, the LOAEL
was 5 mg/kg-bw/day, the lowest dose level tested, based on hyperplasia of the
convoluted tubule epithelium in the kidneys, germinal epithelial atrophy with associated
oligospermia in the testes, and atrophy of the seminal vesicles in male rats at 5 mg/kgbw/day and higher. At the next dose level of 20 mg/kg-bw/day, a significant increase in
absolute and relative kidney weights and relative liver weights were observed in both
males and females. In males, there was also a significant increase in absolute liver
weight, chronic nephropathy testicular enlargement at this mid-dose level. At the high
dose of 80 mg/kg-bw/day, there was a significant decrease in body weight (>20%) and a
significant increase in absolute and relative thyroid weights in both male and female rats
compared to control animals. Macroscopic changes of the liver including various
discolourations as well as masses/nodules/raised areas, erythroid/myeloid hyperplasia
of the rib marrow and erythroid/myeloid metaplasia of the spleen were also observed.
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8.2.2.5 Reproductive and developmental toxicity
A reproductive toxicity study was identified, which was conducted in male Dutch rabbits,
where animals (10/dose group) were administrated 0, 2, 20 or 200 mg/kg-bw/day of
TDCPP via oral gavage for 12 weeks (Stauffer Chemical Co. 1983c). The NOAEL was
20 mg/kg-bw/day based on a significant increase in absolute kidney and relative liver
weights at the next dose level of 200 mg/kg-bw/day. There were no effects on mating
behaviour, male fertility, sperm quality or quantity. No histological lesions were
observed in kidneys, liver, pituitary, testes or epididymides.
In the two-year carcinogenicity study described in Sections 8.2.2.1 and 8.2.2.5 (Stauffer
Chemical Co. 1981a; Freudenthal and Henrich 2000; NRC 2000), non-cancer effects in
the male reproductive system were examined. Effects in the seminal vesicle (decreased
secretory product and atrophy) reached statistical significance starting from 5 mg/kgbw/day, the lowest dose level tested. According to the EU, “The effects observed on the
testes described above may be secondary to an effect of the Leydig cell tumours” (EU
RAR 2008b). Female reproductive organs were not analyzed in this study.
TDCPP, TCPP and TCEP, are closely related substances with similarities in chemical
structures, physiochemical properties and toxicokinetics (more detail is available in
Health Canada 2015a). However, the reproductive effects observed in female animals
tested with TCPP and TCEP were not similar (Appendix G). The EU (EU RAR 2008b)
considered it not appropriate to read-across from female fertility data on either TCPP or
TCEP to address any possible effects on female fertility of TDCPP.
In a developmental toxicity study, pregnant Sprague-Dawley rats (20/dose group) were
administered 0, 25, 100 or 400 mg/kg-bw/day of TDCPP by oral gavage during
gestation day 6 to 15 (Stauffer Chemical Co. 1978b). The maternal NOAEL was 25
mg/kg-bw/day based on a significant decrease in food consumption and in body weights
and clinical signs of toxicity such as alopecia, hunched appearance, rough hair coat and
urine stains in some animals at the next dose level of 100 mg/kg-bw/day. At 400 mg/kg
bw/day, in most animals there were clinical signs of toxicity consisting of urine stains,
hunched appearance, salivation, alopecia as well as significant body weight loss. In a
number of high dose animals, there were observations of rough coat, bloody crust
around the nose and thinness. The developmental NOAEL was 100 mg/kg-bw/day
based on a significant increase in the rate of resorption, a significant decrease in the
fetal viability index and retarded skeletal development at the next dose level of 400
mg/kg-bw/day. These developmental effects could be secondary to maternal toxicity.
Another study was conducted with pregnant Wistar rats (15-24/dose group)
administered 0, 25, 50, 100, 200 or 400 mg/kg-bw/day of TDCPP by oral gavage during
gestation day 7–15 (Tanaka et al. 1981 cited in EU RAR 2008b, only abstract is in
English). The maternal NOAEL was 100 mg/kg-bw/day based on a significant increase
in absolute and relative kidney weights at the next dose level of 200 mg/kg-bw/day.
Increased mortality (11/15 dams) and clinical signs of toxicity were observed at 400
82

mg/kg-bw/day. The developmental NOAEL was 200 mg/kg-bw/day based on a
significant increase in foetal deaths at the next dose level of 400 mg/kg-bw/day.
Performance of functional tests including open field, water maze, rota rod, inclined
screen, pain reflex and auditory startle reflex were comparable to controls in postnatal
examination performed at dose levels of 200 mg/kg/day and below.
A recent rat developmental study examined organ weights, serum thyroid hormone
levels, acetylcholinesterase activities and developmental neurotoxicity endpoints (Moser
et al. 2015). Pregnant Long-Evans rats (n=8-14/dose group) were administered TDCPP
(0, 15, 50 or 150 mg/kg-bw/day) via oral gavage from gestation day 10 to weaning
(postnatal day [PND] 22). In the dams, only liver, blood and thyroid were collected for
analysis. The maternal NOAEL was 50 mg/kg-bw/day based on significant increase in
relative and absolute liver weights at 150 mg/kg-bw/day. Serum acetylcholinesterase
activity was not affected by TDCPP up to the highest dose level tested. For the
offspring, neurobehavioural testing (locomotor activity, elevated zero maze, functional
observational battery, Morris water maze) was conducted at several lifestages. Overall,
slight changes were observed in certain behavioural testing, but the effects were either
minimal, with no clear dose-response pattern or were highly variable (Moser et al.
2015). The developmental NOAEL was 50 mg/kg-bw/day based on significant decrease
in body weight and absolute liver weight in both sexes at PND6 and PND22 at 150
mg/kg-bw/day. Serum acetylcholinesterase activity was significantly increased on
PND22 at 150 mg/kg-bw/day, but brain acetylcholinesterase activity was not affected at
all doses on PND 6 and PND22. Serum thyroid hormone levels (T3, T4) were not
affected in both the dams and the pups (PND6, PND22).
8.2.2.6 Neurotoxicity
Certain organophosphorus substances have the potential to produce organophosphateinduced delayed neurotoxicity (OPIDN). This specific type of neurotoxicity might not be
detected in standard toxicity studies. In regulatory protocols (US EPA and OECD
guidelines), hens are the experimental animal of choice for this endpoint as other small
laboratory animals (rats, guinea pigs, mice) are relatively non-susceptible (Weiner and
Jortner 1999).
In three independent studies conducted in hens, animals treated orally with TDCPP for
an acute duration, 5 consecutive days and 90 days did not show any significant signs of
paralysis or neurotoxicity (Stauffer Chemical Co. 1978c, 1981b; US EPA 2008).
8.2.2.7 Sensitization
No skin sensitization was observed in guinea pig maximization tests (CIT 2001 cited in
EU RAR 2008b).
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8.2.2.8 Epidemiological studies
A retrospective cohort study examining mortality of workers employed in a TDCPP
manufacturing plant was identified (Stauffer Chemical Co. 1983a). The study followed
289 workers, who were employed for a minimum of 3 months between 1956 and 1977,
and were followed through to 1980. Over half of the workers worked fewer than 5 years
and only 42 workers worked 15 or more years. The measured TDCPP levels, based on
breathing zone samples measured between 1978 and 1981, were below the limit of
detection of 8 ppb (140 µg/m3). The overall standardized mortality ratio (SMR) based on
observed death versus expected death of all causes was 0.75. SMR for all malignant
neoplasms was 1.31 based on 3 observed over 2.3 expected. The 3 observed cases
were employees who died from lung cancers and who were known to be moderate to
heavy cigarette smokers.
In an adjunct to the mortality study (Stauffer Chemical Co. 1983b), a total of 124
workers in the TDCPP manufacturing plant were part of a retrospective morbidity study
(Stauffer Chemical Co. 1983d). Workers were classified as TDCPP-exposed (93
workers) or non-exposed (31 workers). Breathing zone sampling taken in the plant
indicated that TDCPP levels in the air were always near or below the limit of detection of
8 ppb (140 μg/m3). A self-administered health questionnaire, a physical examination, a
pulmonary function test, a chest x-ray and electrocardiogram and a spectrum of clinical
and biochemical analyses were performed on these workers. Overall, there were no
increased risk of adverse respiratory effects from exposure to TDCPP and no abnormal
clinical findings. An excess of benign neoplasms (primarily lipomas) (5.4% vs. 0%),
dermatitis (6.5% vs 3.2%) and gynaecomastia (3.3% vs 0%) were observed in the
exposed group compared to the non-exposed group.

8.3 Characterization of risk to human health
8.3.1 TCPP
Based on the overall data available on health effects of TCPP, the critical effects for
characterization of risk to human health associated with exposure to TCPP are
reproductive and developmental toxicity. Although no chronic or carcinogenicity studies
are available, there is evidence to suggest that TCPP may have carcinogenic potential.
The initial concern for carcinogenicity is due to the structural similarity of TCPP to other
organophosphate esters (e.g., TCEP, TDCPP) that showed carcinogenic effects in
carcinogenicity studies in experimental animals. Initiated in 2012, the NTP conducted
90-day and two-year oral toxicity and carcinogenicity studies in both rats and mice but a
study report is not yet available. In the absence of a chronic study, several other lines of
evidence were investigated to assess the carcinogenic potential of TCPP. Overall, the
evidence suggests that TCPP may be carcinogenic in rodents; this is based on a
qualitative read-across from TCEP and TDCPP which are considered to be structurally
similar to TCPP, as well as QSAR and structural alerts analyses.
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A two-generation reproductive toxicity study in rats was available. In this study, a
LOAEL of 99 mg/kg-bw/day, the lowest dose level tested, was identified for both
reproductive and developmental effects (TNO Quality of Life 2007 cited in EU RAR
2008a). For reproductive effects, the effect level was based on a significant decrease in
uterus weights and effects on estrus cycle in F0 females. The effect on uterus weights
was also observed in the preliminary one-generation reproductive toxicity study. At this
effect level, there was also a significant decrease in absolute pituitary weight in F1
females in the two-generation study. In terms of developmental effects, a significant
increase in the number of runts was observed at 99 mg/kg-bw/day or higher on PND1 in
the F0 generation. Similar effects were observed in F1 generation and in the preliminary
one-generation reproductive toxicity study on PND21 but not on PND1. It is not clear
whether the developmental effects occurred in utero or from exposure after birth.
In a 13-week dietary study (Stauffer Chemical Co. 1981c cited in EU RAR 2008a and
likely published by Freudenthal and Henrich 1999), a significant increase in liver weights
in male rats was reported starting from the lowest dose tested of 52 mg/kg-bw/day.
Although the same liver effects were not observed at higher doses in the two-generation
study (TNO Quality of Life 2007), there are uncertainties in the purity of TCPP in the
treatments used in each study and a range of critical effect levels based on both studies
is used for the characterization of risk from exposure to TCPP.
A short-term critical NOAEL of 1015 mg/kg-bw/day was identified based on reduced
body weight gain at the next dose level of 1636 mg/kg-bw/day in male rats that were
treated with TCPP for 14 days (Stauffer Chemical Co. 1980b cited in EU RAR 2008a).
The principal sources of exposure to TCPP for the general population are expected to
be environmental media (air, water, dust), food, including breast milk, and the use of
products available to consumers.
Table 8-7 and Table 8-8 provide all of the relevant exposure and hazard values for
TCPP as well as resultant MOEs, for determination of risk. Comparison of the estimate
of total daily intake from environmental media and food to the range of subchronic
critical effect levels, resulted in MOEs that are considered adequate to account for
uncertainties in the exposure and health effect databases. The margins of exposure for
infants and toddlers mouthing foam object (e.g., a toy) containing TCPP are also
considered adequate to account for uncertainties in the exposure and health effect
databases.
However, the margins of exposure for prolonged skin contact to TCPP from
manufactured items, such as foam-containing upholstered furniture and mattresses, are
considered to be potentially inadequate to account for uncertainties in the exposure and
health effect databases. This is in line with ECHA’s recent assessment conclusion on
the use of TCEP, TCPP and TDCPP in foam articles and residential upholstered
furniture used by children (ECHA 2018).
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Table 8-7. Relevant exposure and hazard values for TCPP, as well as margins of
exposure, for determination of risk
Scenario
Environmental media and
food (all age groups)

Systemic exposure
(mg/kg-bw/day)
8.5x10-4 – 2.5x10-3

MOEs
20 800 – 116 470 (based
on subchronic critical
LOAELs of 52–99 mg/kgbw/day)
96 – 620 (based on
subchronic critical LOAELs
of 52–99 mg/kg-bw/day)

Infant dermal contact from
lying on foam-containing
mattresses or furniture

0.16 – 0.54*

Adult dermal contact from
lying on foam-containing
mattresses or furniture

0.04 – 0.19*

275 – 2350 (based on
subchronic critical LOAELs
of 52–99 mg/kg-bw/day)

Infant mouthing a foam
object (e.g., toy)

9.7 ×10-3

5400 – 10 200

9.4 ×10-3

(based on subchronic
critical LOAELs of 52–99
mg/kg-bw/day)
5550 – 10 500

Toddler mouthing a foam
object (e.g., toy)

(based on subchronic
critical LOAELs of 52–99
mg/kg-bw/day)
* Assumption that 40% of TCPP is absorbed based on doses considered most representative of exposure
from dermal contact with foam (TNO Quality of Life 2005).

The use of spray foam insulation and waterproofing tent spray may result in inhalation
and dermal exposures for an infrequent short-term duration. Margins of exposure were
estimated based on upper-bounding inhalation and dermal estimates of exposure
compared to the short-term critical NOAEL of 1015 mg/kg/day (Table 8-8). These MOEs
are considered adequate to account for uncertainties in the exposure and health effect
databases.
Table 8-8. Margins of exposure from use of spray foam and waterproofing
products containing TCPP
Scenario
Applying spray foam
insulation (small project)

Systemic exposure
(μg/kg-bw/event)
6.8* (dermal)
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MOEs
1.5 ×105

(based on a short-term
oral NOAEL of 1015
mg/kg-bw/day)
Applying spray foam
insulation (small project)

Applying spray foam
insulation (large project)

Applying spray foam
insulation (large project)

0.88 (inhalation)

1.2 ×106

635* (dermal)

(based on a short-term
critical NOAEL of 1015
mg/kg-bw/day)
1600

2.3 to 14.0 (inhalation)

Applying waterproofing tent 1.8* (dermal)
spray

(based on a short-term
oral NOAEL of 1015
mg/kg-bw/day)
7.25 x 104 to 4.4 x 105
(based on a short-term
critical NOAEL of 1015
mg/kg-bw/day)
5.6 ×105
(based on a short-term
oral NOAEL of 1015
mg/kg-bw/day)

*assumption that 40% TCPP absorbed based on doses considered most representative of exposure from
dermal contact with foam (TNO Quality Life 2005).

Overall, the MOEs for daily intake of TCPP from environmental media and food,
exposure to TCPP by infant and toddlers mouthing foam products and the occasional
use of spray insulation foams and waterproofing sprays are considered adequate to
account for uncertainties in the exposure and health effect databases. However, the
MOEs between critical effects and the estimated intakes of TCPP from prolonged skin
contact with foam-containing upholstered furniture or mattresses for all age groups are
considered potentially inadequate to account for uncertainties in the exposure and
health effect databases.

8.3.2 TDCPP
Based on the classification from the European Union and on the available health effects
data, the critical effect for characterization of risk to human health associated with
exposure to TDCPP is carcinogenicity. A statistically significant increase in the
incidence of tumours (adenomas) was observed in both male and female rats exposed
to TDCPP for two years. Tumours were observed in multiple organ sites, including
kidney and liver in both sexes, testes (in males) and adrenal gland (in females) (Stauffer
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Chemical Co. 1981a). Hyperplasia in the kidney and histological abnormalities in the
testes were observed, which could be associated with the adenomas developed in
these organs starting in the mid dose. In terms of genotoxicity, mixed results were
observed in vitro and negative results were observed in vivo; however, there is evidence
that TDCPP can covalently bind to DNA in mice (Morales and Matthews 1980).
Using the two-year carcinogenicity study where TDCPP was administered to male and
female rats via the diet (Stauffer Chemical Co. 1981a; Freudenthal and Henrich 2000),
benchmark dose (BMD) modelling was applied to derive a point of departure (POD) for
critical cancer effects from oral exposure.
A BMDL10 was derived for each tumour type, and a model was selected on the basis of
fit amongst the nine models available in the US EPA Benchmark Dose Software (BMDS
v.24) (Appendix H). A dose-response analysis of each tumour site by BMDS shows that
the testis (interstitial cell tumour in male rats) is the most sensitive organ with a BMDL 10
of 6.74 mg/kg-bw per day. A similar BMDL10 of 6.84 mg/kg-bw per day was identified for
renal cortical adenoma in males. In female rats, the BMDL10 for renal cortical adenoma
was 8.29 mg/kg-bw per day. Given that the differences between the renal cortical
adenoma BMDL10 levels for male and female rats were minimal, it is considered that
TDCPP does not induce gender-specific effects in the kidney.
For non-cancer effects, a chronic critical LOAEL of 5 mg/kg-bw was identified, where
hyperplasia of the epithelium of the convoluted tubule in the kidneys, and histological
abnormalities in the testes, were observed in males at the lowest dose tested in a twoyear chronic toxicity study in rats (Stauffer Chemical Co. 1981a).
Potential exposure to TDCPP for the general population is expected to be mainly from
environmental media (air, water, dust), food, including breast milk, and from the use of
manufactured items (foam mattresses and couches, furniture with upholstery
backcoating) that may contain TDCPP. For the purpose of estimating the risk of cancer
from exposure to TDCPP, lifetime average daily doses (LADDs) from environmental
media and food as well as from dermal exposure to foam-containing furniture or
mattresses were calculated (details in Appendix I).
Comparison of the LADD estimate of total daily intake from environmental media and
food of 0.015 μg/kg-bw/day to the BMDL10 of 6.74 mg/kg-bw/day for cancer effects
results in a lifetime margin of exposure (MOE) of 455 400. These MOEs are considered
adequate to account for uncertainties in the exposure and health effect databases for
cancer effects. Comparison of the LADD estimates from dermal exposure to foamcontaining furniture or mattresses of 4.5 to 19.0 µg/kg-bw/day with the BMDL10 of 6.74
mg/kg-bw/day results in a lifetime MOE ranging from 355 to 1500 for cancer effects.
These MOEs are considered potentially inadequate to account for uncertainties in the
exposure and health effect databases for cancer effects.
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Table 8-9 provides all the relevant exposure and non-cancer hazard values for TDCPP
as well as resultant MOEs, for determination of risk. The MOEs between critical effects
and the estimate of daily intake of TDCPP from environmental media and food as well
as from infant and toddlers mouthing foam products are considered adequate to
account for uncertainties in the exposure and health effect databases for non-cancer
effects. The MOEs between critical effects and the estimated dermal intakes of TDCPP
through prolonged skin contact with foam-containing upholstered furniture or mattresses
for all age groups are considered potentially inadequate to account for uncertainties in
the exposure and health effect databases for non-cancer effects.
Table 8-9. Relevant exposure and non-cancer hazard values for TDCPP, as well as
margins of exposure, for determination of risk
Scenario

Environmental media
and food
Infant dermal contact
from lying on foamcontaining
mattresses or
furniture
Adult dermal contact
from lying on foamcontaining
mattresses or
furniture
Infant or toddler
mouthing a foam
object

Systemic exposure MOE for non-cancer
(mg/kg-bw/day)
effects (based on a
chronic oral LOAEL of
5 mg/kg-bw/day)
4.6x10-5 – 8.6x10-4
5 800 – 108 700
1.5×10-2 – 5.0×10-2a

100 – 333

3.8×10-3 – 1.7×10-2a

290 – 1300

1.6×10-3

3 100

a

uptake estimated based on TDCPP adjusted dermal absorption value of 30% obtained by using the ratio
of the TCPP in vitro absorption values (23% and 40%) to the 15% TDCPP absorption rate (EU RAR
2008b).

Estimates of daily systemic exposure were also calculated using a reverse dosimetry
approach from several biomonitoring studies (Kosarac et al. 2016; Yang et al. 2019;
Ospina et al. 2018; Butt et al. 2014) in which concentrations of BDCPP, as a biomarker
of TDCPP, were measured in urine spot samples. Although estimates of daily systemic
exposure derived from biomonitoring data are associated with a number of uncertainties
(see Section 8.1.3), biomonitoring intakes provide an approximation of the exposure
estimates from all potential routes and sources of exposure (NRC 2006). The estimates
of daily systemic exposure based on geometric means of BDCPP concentrations
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ranged from 7.0x10-5 mg/kg-bw/day for pregnant women to 1.6x10-3 mg/kg-bw/day for
toddlers 2 to 5 years old. The high end estimates of daily systemic exposure based on
maximum or 95th percentile BDCPP concentrations ranged from 4.3x10-4 mg/kg-bw/day
for pregnant women to 0.072 mg/kg-bw/day for toddlers 2-5 years old. These intakes
are consistent with estimates of exposure derived with the use of modelling and given
the uncertainties associated with use of human biomonitoring, support the conclusions
that MOEs may be inadequate in particular for young children.
Overall, the MOEs for daily intake of TDCPP from environmental media and food as
well as from infant and toddlers mouthing foam products are considered adequate to
account for uncertainties in the exposure and health effect databases for both cancer
and non-cancer effects. However, the MOEs between critical effects and the estimated
dermal intakes of TDCPP through prolonged skin contact with foam-containing
upholstered furniture or mattresses for all age groups are considered potentially
inadequate to account for uncertainties in the exposure and health effect databases for
both cancer and non-cancer effects.

8.4 Uncertainties in evaluation of risk to human health
The key sources of uncertainty in the health assessments of TCPP and TDCPP are
presented in the table below.
Table 8-10. Sources of uncertainty in the risk characterization
Key source of uncertainty
Absence of Canadian monitoring data in foods or breast milk for TCPP
and TDCPP. Data from the US or Europe was used to derive exposure
estimates from these sources.
Estimates of dermal exposure to TCPP and TDCPP only account for
covered flexible polyurethane foam (PUF). Exposures to uncovered
foam could result in higher dermal exposures.
The extent of the effect of textile covering on TCPP and TDCPP
migration from flexible PUF are unknown.
Lack of empirical data on the relationship between the migration rate of
TDCPP or TCPP from flexible PUF and their concentrations in the foam
tested.
No TDCPP- or TCPP-specific skin contact factor (SCF) has been
identified; a factor of 1 was assumed.
For the dermal exposure scenario, it is assumed that constant liquidmediated migration of TCPP and TDCPP occurs from flexible PUF in
mattresses and furniture for the entire duration of the dermal contact
(e.g., there could be different migration rates for dry and wet conditions).
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Impact
+/-

+/+/+

+

Key source of uncertainty
Use of passive migration rates determined using foam submerged in
sweat simulant might not accurately portray migration for mouthing
scenarios (i.e., migration might be higher due to sucking).
Limited Canadian biomonitoring data available for TCPP and TDCPP.
Determination of TDCPP intakes for various populations based primarily
on spot urine samples, including assumption on routes of exposure,
timing of exposure in relation to timing of sampling, and variability in
daily urine volumes both between and within individuals.
Assumption that all BDCPP measured in urine is associated with direct
exposure to TDCPP.
Assumption that BDCPP levels in human urine represent an excretion of
21% of daily intake of TDCPP (due to lack of human toxicokinetic data)
and that this remains constant across all age groups.
No dermal or inhalation toxicity studies available for TCPP and TDCPP,
therefore route-to-route extrapolation was required.
No female animal reproductive studies were identified for TDCPP.
No available data on the mode of action for tumours associated with
exposure to TDCPP or the possible contributions of two TDCPP
metabolites (3-MCPD, 1,3-DCP) classified as IARC 2B carcinogens to
the carcinogenic effect of TDCPP.
No chronic or carcinogenicity studies were available for TCPP.
No data available on the potential contribution of individual chain
isomers to the overall toxicity of TCPP.
The BMD calculations for TDCPP used only the incidences of adenoma
for analysis, as the information on the incidences of combined adenoma
and carcinoma was not available from the original study.
The inclusion of the high-dose level may have had an impact on the
dose response curve for the derivation of the BMD and BMDL for
TDCPP.

Impact
+/+/-

+
+/+/+/+/+/+/-

+/-

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

The US NTP has conducted two-year carcinogenicity studies for TCPP in both rats and
mice but a study report is not yet available. The selection of TCEP and TDCPP as readacross analogues for assessing the carcinogenic potential of TCPP is associated with
uncertainty as there are similarities but also differences between these chemicals.
Overall, based on a qualitative read-across from analogues as well as QSAR and
structural alerts analyses, the information suggests that TCPP may be carcinogenic in
rodents.
There is uncertainty on the potential contribution of individual chain isomers to the
overall toxicity of TCPP as well as levels of these isomers outside of this mixture;
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however, given that they are not commercially available nor are they typically isolated in
pure form, further characterization of risk was not considered in this assessment.

9. Conclusion
Considering all available lines of evidence presented in this updated draft screening
assessment, there is low risk of harm to the environment from TCPP and TDCPP. It is
proposed to conclude that TCPP and TDCPP do not meet the criteria under paragraphs
64(a) or (b) of CEPA as they are not entering the environment in a quantity or
concentration or under conditions that have or may have an immediate or long-term
harmful effect on the environment or its biological diversity or that constitute or may
constitute a danger to the environment on which life depends.
On the basis of the information presented in this updated draft screening assessment, it
is proposed to conclude that TCPP and TDCPP 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 TCPP and TDCPP meet one or more of the
criteria set out in section 64 of CEPA.
It is also proposed that TCPP and TDCPP meet the persistence criteria but not the
bioaccumulation criteria as set out in the Persistence and Bioaccumulation Regulations
of CEPA.
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Appendix A: Environmental monitoring data for the indoor
atmospheric compartment
Environmental monitoring data for TCPP and TDCPP for the atmospheric compartment
(indoor air and dust) are summarized in the following tables, while information for the
other compartments is presented in the supporting document (ECCC 2019).

A1. Environmental monitoring data for dust compartment in Canada
Table A1-1. Concentrations of TCPP in indoor dust in Canada
Median
Location

Canada

Canada

Canada

Sample Sampling
typea
year

Vacuum

Fresh

NS

2007–
2010

2007–
2010

2007–
2010

Sample
size

134

134

818

116

[range]
(mg/kg)

1.1

1.4

1.62

P95
(mg/kg)

9.6

13.0

18.2

Reference
personal
communication
from
Environmental
Health Science
and Research
Bureau, Health
Canada
August 2014
personal
communication
from
Environmental
Health Science
and Research
Bureau, Health
Canada
August 2014
personal
communication
from
Environmental
Health Science
and Research
Bureau, Health
Canada

Median
Location

Sample Sampling
typea
year

Sample
size

[range]
(mg/kg)

P95
(mg/kg)

Reference
August 2014

Toronto,
ON,
Canada
Greater
Toronto
Area and
Ottawa,
ON,
Canada
Greater
Toronto
Area and
Ottawa,
ON,
Canada

1.470
Fresh

2013

NS

2015

23

51
(bedrooms)

26
NS

2015

(most used
rooms)

[0.270 to
39.3]
0.934
(geometric
mean)
[0.00375 to
299]
1.33
(geometric
mean)

NS

Vykoukalová et
al. 2017

9.42

Yang et al.
2019

10.84

Yang et al.
2019

[0.268 to
161]

Abbreviations: P95 = 95th percentile; NS = not specified
a Fresh dust refers to samples collected by trained technicians from living areas using a vacuum sampler;
this excludes old house dust that has collected over time in areas not vacuumed on a regular basis.
Vacuum dust refers to samples obtained from the vacuum systems used by the study participants.

Table A1-2. Concentrations of TDCPP in indoor dust in Canada
Median
Location
Toronto,
ON,
Canada
(TI)
Toronto,
ON,
Canada
Canada

Sample
Typea

Sampling
Year

Sample
Size

Vacuum

2010 (fall) and
2011(summer)

28

Vacuum

2012

20

Vacuum

2007–2010

134

117

P95
(mg/kg)

Reference

0.32
(mean)

0.89

Diamond et al.
2013

2.5 (mean)

46
(max)

Diamond et al.
2013

12

personal
communication
from
Environmental

[range]
(mg/kg)

2.0

Median
Location

Sample
Typea

Sampling
Year

Sample
Size

[range]
(mg/kg)

P95
(mg/kg)

Reference
Health Science
and Research
Bureau, Health
Canada

Canada

Canada

Fresh

NS

2007–2010

2007–2010

134

818

2.7

3.08

9

12.7

August 2014
personal
communication
from
Environmental
Health Science
and Research
Bureau, Health
Canada
August 2014
personal
communication
from
Environmental
Health Science
and Research
Bureau, Health
Canada
August 2014

3.463
(mean)

Toronto,
ON,
Canada

Fresh

2012

Toronto,
ON,
Canada

Fresh

2012

Toronto

Fresh

2013

35 homes

[not
detected to
46]
[not
10 offices detected to
190]
0.917
23
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[0.206 to
9.53]

NS

Abbasi et al.
2016

NS

Abbasi et al.
2016

NS

Vykoukalová
et al. 2017

Median
Location
Greater
Toronto
Area and
Ottawa,
ON,
Canada
Greater
Toronto
Area and
Ottawa,
ON,
Canada

Sample
Typea

Sampling
Year

NS

2015

Sample
Size

51
(bedrooms)

26
NS

2015

(most used
rooms)

P95
[range] (mg/kg)
(mg/kg)
1.54
(geometric
mean)
6.76
[0.430 to
9.28]
2.05
(geometric
mean)

12.8

Reference

Yang et al.
2019

Yang et al.
2019

[0.337 to
130]

Abbreviations: P95 = 95th percentile; ON = Ontario; NS = not specified; TI = Toronto Intensive pilot study
a Fresh dust refers to samples collected by trained technicians from living areas using a vacuum sampler;
this excludes old house dust that has collected over time in areas not vacuumed on a regular basis.
Vacuum dust refers to samples obtained from the vacuum systems used by the study participants.

A2. Environmental monitoring data for the atmospheric compartment
in other jurisdictions
Table A2-1. Concentrations of TCPP and TDCPP in indoor air
Location
(Sampling
Year)
Urban area,
Sweden (NS)
Stockholm,
Sweden (NS)
Stockholm,
Sweden
(2009)
Urban area,
Sweden (NS)
Stockholm,
Sweden (NS)
Norway
(2007)

Area

Sampl
e size

TCPP
concentration

TDCPP
concentration
(pg/m3)

Reference

(pg/m3)
Home

2

[38000–210000]

<500

Home

10

[7000–160000]

<DL (1 ng/m3)

Home

10

15000 [2400–
64000]

3100 [ND –
17000]

Office

7

[10000–160000]

[200–150000]

Office

3

[41000–120000]

NM

Office

2

[10000–21000]

[<40–7100]
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Marklund et
al. 2005b
Staaf and
Otsman 2005
Bergh et al.
2011
Marklund et
al. 2005b
Staaf and
Otsman 2005
Green et al.
2008

Stockholm,
Sweden
(2009)
Zurich,
Switzerland
(NS)

Office

10

110000 [16000–
240000]

24000 [NS –
73000]

Bergh et al.
2011

Office

3

[ND – 130000]

ND

Hartmann et
al. 2004

Stockholm,
Sweden (NS)

public
and
personal
vehicle

4

[5000–2300000]

NM

Staaf and
Otsman 2005

Zurich,
Switzerland
(NS)

Personal
vehicle

4

[ND – 260000]

ND

Hartmann et
al. 2004

Abbreviations: NM = not measured; NS = not specified; ND = not detected; DL = detection limit

Table A2-2. Concentrations of TCPP in household dust

Location
USA
USA

Sampling Sample
Sample type
year
size
Living area
surfaces
Living area
surfaces

Median
[range]
(mg/kg)

2006

16

2.1

2011

16

2.2 (Max)

USA

NS

2002–
2007

50

1.04

Germany

Vacuum

2010

6

0.74 (mean)

Germany

Cars

12

3.1 [1.4–4.3]

Germany

Homes

6

0.74 [0.37–
0.96]

Germany

Offices

10

3 [0.18–9.4]

Romania

NS

2010

47

0.86 (max)

Belgium

NS

2006–
2010

41

[0.45–1.38]

Spain

NS

2006

1

0.185

Stockholm,
Sweden

NS

2009

10

3.1 [0.7–11]

2010–
2011
2010–
2011
2010–
2011

120

P95
Reference
(mg/kg)
120
(max)

Dodson et
al. 2012
Dodson et
2.2
al. 2012
Stapleton
5.49
et al. 2009
0.96
Brommer
(max) et al. 2012
Brommer
NS
et al. 2012
Brommer
NS
et al. 2012
Brommer
NS
et al. 2012
3.72
Dirtu et al.
th
(75 %)
2012
Van den
14.5 Eede et al.
2012
Van den
0.185 Eede et al.
2012
Bergh et
NS
al. 2011

Location
Netherlands

Sampling Sample
Sample type
year
size
Near
electronics

Netherlands On electronics

Median
[range]
(mg/kg)

P95
Reference
(mg/kg)

NS

8

1.3 [0.48–3.8]

NS

NS

8

1.3 [0.58–4.5]

NS

2008

38

0.35 [0.02-7.6]

2.93

2008

16

0.250 [0.1331.92]

1.34

New
Zealand
New
Zealand

Floor
measurements
Mattress
measurements

Pakistan

NS

2011

15

<0.020

0.085

Kuwait

NS

2011

15

1.46 (max)

7.06

Kuwait

House dust

Kuwait

Car

Pakistan

House dust

Pakistan

Car

2011
2011
2011
2011

15
15
15
15

1.46 [0.12–
7.065]
30.73 [2.49–
134]
<0.02 [<0.02–
0.085]
0.1 [<0.02–
2.615]

NS
NS
NS
NS

Brandsma
et al. 2014
Brandsma
et al. 2014
Ali et al.
2012
Ali et al.
2012
Ali et al.
2013
Ali et al.
2013
Ali et al.
2013
Ali et al.
2013
Ali et al.
2013
Ali et al.
2013

Abbreviations: P95 = 95th percentile; NS = not specified

Table A2-3. Concentrations of TDCPP in household dust
Median
Location

USA
USA
USA

Sampling Sample
Sample Type
Year
Size
Preschool,
vacuum
Living area
surfaces
Living area
surfaces

[range]
(mg/kg)
2.26 [0.76–
70.9]

P95
Reference
(mg/kg)

2010–
2011

49

2006

16

2.8 (max)

24

2011

16

2.1

2.1

36.9

USA

NS

2002–
2007

50

1.88 (max)

56.1

USA

NS

2009

30

6.3 (mean)

NS

Germany

Vacuum

2010

6

<0.08 (mean)

0.11
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Bradman et
al. 2012
Dodson et
al. 2012
Dodson et
al. 2012
Stapleton et
al. 2009
Webster et
al. 2010
Brommer et
al. 2012

Median
Sampling Sample
Year
Size

Location

Sample Type

Germany

Cars

Germany

Homes

Germany

Offices

Romania

NS

2010

47

Belgium

NS

2006–
2010

41

Spain

NS

2006

1

Stockholm,
Sweden

NS

2009

10

Netherlands

Near
electronics

NS

8

NS

8

2008

38

2008

16

Netherlands On electronics

2010–
2011
2010–
2011
2010–
2011

12
6
10

New
Zealand
New
Zealand

Floor
measurements
Mattress
measurements

Pakistan

NS

2011

15

Kuwait

NS

2011

15

Kuwait

House dust

2011

15

Kuwait

Car

2011

15

Pakistan

House dust

2011

15

Pakistan

Car

2011

15
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P95
Reference
(mg/kg)
[range]
(mg/kg)
130 [<0.08–
Brommer et
NS
620]
al. 2012
<0.08
Brommer et
NS
[<0.08–0.11]
al. 2012
0.15 [<0.08–
Brommer et
NS
0.29]
al. 2012
0.13
Dirtu et al.
0.060
(75th%)
2012
Van den
[0.162–0.36]
0.99
Eede et al.
2012
Van den
0.124
0.124 Eede et al.
2012
Bergh et al.
12 [2.2–27]
NS
2011
0.28 [0.07–
Brandsma
NS
3.2]
et al. 2014
Brandsma
0.68 [0.1–7.4]
NS
et al. 2014
0.23 [0.02Ali et al.
1.89
1.7]
2012
0.103 [0.02Ali et al.
0.303
6.5]
2012
Ali et al.
<0.005
0.25
2013
Ali et al.
0.36
1.56
2013
0.36 [0.06–
Ali et al.
NS
1.56]
2013
7.63 [0.6–
Ali et al.
NS
166]
2013
<0.005
Ali et al.
[<0.005–
NS
2013
0.255]
0.029
Ali et al.
NS
[<0.005–1.24]
2013

Appendix B: Weight of evidence in the ecological risk
assessment
Table B-1. Major lines of evidence and weight assigned in the ecological risk
assessment on TCPP and TDCPP
Line of evidence
Physical-chemical properties
Environmental fate and
behaviour
Persistence in the environment
Long-range transport
Bioaccumulation in aquatic
organisms
Potential decrease of the import
quantity
Environmental concentrations
data
Aquatic PECs of TCPP and
TDCPP in release scenarios for
the industrial activities and use
of products available to
consumers
Sediment PECs of TCPP and
TDCPP in release scenarios for
the industrial activities and use
of products available to
consumers
Soil PECs of TDCPP in release
scenarios for industrial activities
and use of products available to
consumers
Risk quotient analysis for TCPP
and TDCPP for water
Risk quotient analysis for
TDCPP for sediment and soil

Level of
confidencea
high
high

Relevance in
assessmentb
high
high

Weight assignedc

high
high
high

high
high
moderate

high
high
high

moderate

moderate

moderate

moderate

high

moderate to high

moderate

high

moderate to high

low

high

moderate

low

high

moderate

high

high

high

low

high

moderate

a Level

moderate to high
high

of confidence is determined according to data quality, data variability, data gaps (i.e., are the data fit for
purpose).
b Relevance refers to the impact of the evidence in the assessment.
c Weight is assigned to each line of evidence according to the overall combined weights for level of confidence and
relevance in the assessment.
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Appendix C: Estimates of daily intake by various age groups
within the general population of Canada
Table C-1. Estimates of daily intake (µg/kg-bw/day) of TCPP
0–6 moa 0–6 moa
5–11
(breast (formula 0.5–4
Route of
milkexposure
fed)b
fed)c
yrd
yre
Ambient
5.3E-05
5.3E-05
1.1E-04 8.9E-05
i
air
Indoor
1.0
1.0
2.2
1.7
airj
Drinking
N/A
4.7E-01 2.0E-01 1.6E-01
waterk
Foodl

2.0E-01

Dustm
Soiln
Total
intake

9.2E-02
N/A
1.3

NI

12–19
yrf

20–59

≥60+

yrg

yrh

5.1E-05 4.3E-05 3.8E-05
9.8E-01 8.4E-01 7.3E-01
8.9E-02 9.3E-02 9.8E-02

6.8E-02 5.3E-02 2.9E-02 2.8E-02 1.9E-02

9.2E-02 4.8E-02 1.8E-02 6.7E-04 6.4E-04 6.3E-04
N/A
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001
1.6

2.5

1.9

1.1

9.6E-01 8.5E-01

Abbreviations: N/A, not applicable; NI, data not identified in the literature; mo, months; yr, years.
a Assumed to weigh 7.5 kg, to breathe 2.1 m 3 of air per day (Health Canada 1998), and to ingest 38 and 0
mg of dust and soil per day, respectively (Wilson et al. 2013).
b Exclusively for breast milk-fed infants, assumed to consume 0.742 L of breast milk per day (Health
Canada 1998), and breast milk is assumed to be the only dietary source. The concentration for whole
(breast) milk of 1.99 µg/L was based on a reported TCPP of 57 ng/g lipid x 3.4% (lipid content of breast
milk) x 1.03 g/mL (density of breast milk) identified in 50 samples of human breast milk collected in 2006
from subjects from Sweden (Sundkvist et al. 2010).
c Exclusively for not formula-fed infants, assumed to drink 0.7 L of water per day (Health Canada 1998),
with approximately 50% of non-formula-fed infants introduced to solid foods by 4 months of age and 90%
by 6 months of age (NHW 1990).
d Assumed to weigh 15.5 kg, to breathe 9.3 m 3 of air per day, to drink 0.7 L of water per day, to consume
54.7 g of fish and 249.7 g of fruit and fruit products per day (Health Canada 1998), and to ingest 41 and
14 mg of dust and soil per day, respectively (Wilson et al. 2013).
e Assumed to weigh 31.0 kg, to breathe 14.5 m 3 of air per day, to drink 1.1 L of water per day, to consume
89.8 g of fish and 276 g of fruit and fruit products per day (Health Canada 1998), and to ingest 31 and 21
mg of dust and soil per day, respectively (Wilson et al. 2013).
f Assumed to weigh 59.4 kg, to breathe 15.8 m 3 of air per day, to drink 1.2 L of water per day, to consume
97.3 g of fish and 251.6 g of fruit and fruit products per day (Health Canada 1998), and to ingest 2.2 and
1.4 mg of dust and soil per day, respectively (Wilson et al. 2013).
g Assumed to weigh 70.9 kg, to breathe 16.2 m 3 of air per day, to drink 1.5 L of water per day, to consume
111.7 g of fish and 281.2 g of fruit and fruit products per day (Health Canada 1998), and to ingest 2.5 and
1.6 mg of dust and soil per day, respectively (Wilson et al. 2013).
h Assumed to weigh 72.0 kg, to breathe 14.3 m 3 of air per day, to drink 1.6 L of water per day, to consume
72.9 g of fish and 242.9 g of fruit and fruit products per day (Health Canada 1998), and to ingest 2.5 and
1.5 mg of dust and soil per day, respectively (Wilson et al. 2013).
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i

The highest concentration of 1.52 ng/m3 from Toronto (Shoeib et al. 2014 Jantunen 2014) was selected
for deriving upper-bounding estimates of daily intake for ambient air exposure. Canadians are assumed to
spend 3 hours outdoors each day (Health Canada 1998).
j A maximum indoor air concentration of 4190 ng/m 3 from homes in Toronto (Vykoukalová et al. 2017) was
selected 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).
k The TCPP maximum concentration of 4400 ng/L in water from urban streams in Toronto (Truong et al.
2017) was selected for deriving upper-bounding estimates of daily intake for drinking water exposure.
l No monitoring data on marketed foods in Canada were identified; however environmental fish and
shellfish data were available. The TCPP concentration of 15.6 µg/kg (based on a reported maximum
TCPP concentration of 1300 µg/kg lipid x 0.44 % lipid content in mussel) in mussels (n=30) collected in
2007 in Sweden (Sundkvist et al. 2010) was selected for deriving upper-bounding estimates of daily
exposure to TCPP from all fish-related food items in the Fish food group. The maximum concentration in
fruits with peels (0.82 µg/kg) reported in the US EPA food basket studies (ATSDR 2012) was selected for
deriving upper-bounding estimates of daily exposure to TCPP from all fruit-related food items in the Fruits
and Fruit Products food group. Amounts of foods consumed on a daily basis by each age group over 12
food groups were obtained from the 1970–1972 Nutrition Canada Survey (Health Canada 1998).
m For all age groups, the 95th percentile concentration of TCPP (18.2 mg/kg) in the Canadian baseline
study (Canadian House Dust Study preliminary data; Kubwabo et al., manuscripts in preparation,
Environmental Health Science and Research Bureau, Health Canada; unreferenced, dated December 13,
2013), measured in various Canadian cities, was selected for deriving upper-bounding estimates of daily
intake for dust exposure.
n No monitoring data of soil in North America were identified. A mean concentration from a German soil
study of 1.23x10-3 mg/kg was selected for deriving upper-bounding estimates of daily intake for soil
exposure.
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Table C-2. Estimates of daily intake (µg/kg-bw/day) of TDCPP
0–6 mo
0–6

moa
(formula

0.5–4

5–11

20–59

≥60

Route of
(breast
12–19
exposure milk-fed)b
fed)c
yrd
yre
yrf
yrg
yrh
Ambient
4.2E-05
4.2E-05
9.1E-05 7.1E-05 4.0E-05 3.5E-05 3.0E-05
airi
Indoor
1.4E-03
1.4E-03 2.9E-03 2.2E-03 1.3E-03 1.1E-03 9.6E-04
airj
Drinking
N/A
1.5E-01 6.5E-02 5.1E-02 2.9E-02 3.0E-02 3.2E-02
waterk
Foodl

1.8E-02

Dustm
Soiln
Total
intake

7.0E-01
N/A

7.0E-01 3.7E-01 1.4E-01 5.2E-03 4.9E-03 4.8E-03
N/A
< 0.001 < 0.001 < 0.001 < 0.001 < 0.001

7.2E-01

8.6E-01 4.6E-01 2.2E-01 4.9E-02 4.9E-02 4.6E-02

NI

2.9E-02 2.4E-02 1.3E-02 1.3E-02 8.2E-03

Abbreviations: N/A, not applicable; NI, data not identified in the literature; mo, months; yr, years.
a Assumed to weigh 7.5 kg, to breathe 2.1 m 3 of air per day (Health Canada 1998), and to ingest 38 and 0
mg of dust and soil per day, respectively (Wilson et al. 2013).
b Exclusively for breast milk-fed infants, assumed to consume 0.742 L of breast milk per day (Health
Canada 1998), and breast milk is assumed to be the only dietary source. The concentration for whole
(breast) milk of 0.186 µg/L was based on a reported TCPP of 5.3 ng/g lipid x 3.4% (lipid content of breast
milk) x 1.03 g/mL (density of breast milk) identified in 90 samples of human breast milk collected in 2006
from subjects from Sweden (Sundkvist et al. 2010).
c Exclusively for formula-fed infants, assumed to drink 0.8 L of water per day (Health Canada 1998),
where water is used to reconstitute formula. See footnote on drinking water for details.
d Assumed to weigh 15.5 kg, to breathe 9.3 m 3 of air per day, to drink 0.7 L of water per day, to consume
54.7 g of fish per day (Health Canada 1998), and to ingest 41 and 14 mg of dust and soil per day,
respectively (Wilson et al. 2013).
e Assumed to weigh 31.0 kg, to breathe 14.5 m 3 of air per day, to drink 1.1 L of water per day, to consume
89.8 g of fish per day (Health Canada 1998), and to ingest 31 and 21 mg of dust and soil per day,
respectively (Wilson et al. 2013).
f Assumed to weigh 59.4 kg, to breathe 15.8 m 3 of air per day, to drink 1.2 L of water per day, to consume
97.3 g of fish per day (Health Canada 1998), and to ingest 2.2 and 1.4 mg of dust and soil per day,
respectively (Wilson et al. 2013).
g Assumed to weigh 70.9 kg, to breathe 16.2 m 3 of air per day, to drink 1.5 L of water per day, to consume
111.7 g of fish per day (Health Canada 1998), and to ingest 2.5 and 1.6 mg of dust and soil per day,
respectively (Wilson et al. 2013).
h Assumed to weigh 72.0 kg, to breathe 14.3 m 3 of air per day, to drink 1.6 L of water per day, to consume
72.9 g of fish per day (Health Canada 1998), and to ingest 2.5 and 1.5 mg of dust and soil per day,
respectively (Wilson et al. 2013).
i The highest concentration of TDCPP in outdoor air, (1.21 ng/m 3, from Toronto, ON (Shoeib et al. 2014)
was used for deriving upper-bounding estimates of daily intake for ambient air exposure. Canadians are
assumed to spend 3 hours outdoors each day (Health Canada 1998).
j An indoor air concentration from Toronto of 5.5 ng/m 3 (Vykoukalová et al. 2017) was selected 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).
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k The

maximum concentration of TDCPP (1437 ng/L) in water from tributaries of urban and rural areas to
Lake Ontario (Jantunen et al. 2013b) was selected for deriving upper-bounding estimates of daily intake
for drinking water exposure.
l No monitoring data on marketed foods in Canada were identified; however environmental fish data in
Europe were available. The TDCPP concentration for whole fish of 8.1 µg/kg wet weight (based on a
reported maximum TDCPP concentration of 192 µg/kg lipid x 5.73% lipid content) (n= 23) of Atlantic cod,
Polar cod and Arctic char collected in 2008 in Norway (Evenset et al. 2009) was selected for deriving
upper-bounding estimates of daily exposure to TDCPP from all fish-related food items in the fish food
group. Amounts of foods consumed on a daily basis by each age group over 12 food groups were
obtained from the 1970–1972 Nutrition Canada Survey (Health Canada 1998).
m The maximum concentration of TDCPP (139 mg/kg) in the Canadian baseline study (Canadian House
Dust Study preliminary data; Kubwabo et al., manuscripts in preparation, Environmental Health Science
and Research Bureau, Health Canada; unreferenced, dated December 13, 2013), measured in various
Canadian cities, was selected for deriving upper-bounding estimates of daily intake for dust exposure.
n No monitoring data of soil in North America were identified. The detection limit (LOD) (9 x10 -5 mg/kg)
from a German soil study was selected for deriving upper-bounding estimates of daily intake for soil
exposure. This is considered a conservative upper bound to account for the reported samples all being
below the LOD.
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Appendix D: Exposure estimates of TCPP and TDCPP from
manufactured items
Based on the available information, dermal exposure uptakes were estimated for
contact with foam-containing mattresses and furniture for infants, toddlers, and adults.
Dermal exposure to other age groups (i.e., children aged 5-18 years old) would fall
within the range of these populations. Oral exposure estimates were also derived for
infants and toddlers from mouthing (sucking) on foam-containing manufactured items
intended for children. The exposure parameters and values used to estimate exposures
are presented in Tables D1 and D2, and are based on conservative assumptions.
Dermal exposure uptake estimates
Uptake = [SA × SCF × TPF × M × ED × DA] / BW
Table D-1. Parameters for TCPP and TDCPP dermal uptake estimates for mattress
polyurethane foam exposure
Symbol Description
SAa
Surface area of skin contact

Value
545 - 1840 cm2 (Infant)
792 - 2890 cm2 (Toddler)

SCFb
TPFc
Md
EDe

Skin contact factor
Textile penetration factor
Migration rate

2033 - 9100 cm2 (Adult)
1
0.1 (TCPP)
4.6 × 10-3 mg/cm2/hr (TCPP)

Exposure duration

5.6 × 10-5 mg/cm2/hr (TDCPP)
12 hr/d (Infant)
12 hr/d (Toddler)

DA
BW h

Dermal absorption

8 hr/d (Adult)
40% (TCPP)f

Body weight

30% (TDCPP)g
7.5 kg (Infant)
15.5 kg (Toddler)
70.9 kg (Adult)
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Symbol Description
Uptake TCPP Uptake (mg/kgbw/day)

Value
0.16 – 0.54 (Infant)
0.11 – 0.41 (Toddler)

Uptake

TDCPP Uptake (mg/kgbw/day)

0.04 – 0.19 (Adult)
1.5 × 10-2 – 5.0 × 10-2 (Infant)
1.0 × 10-2 – 3.8 × 10-2 (Toddler)
3.8 × 10-3 – 1.7 × 10-2 (Adult)

a For

this scenario, a range in surface areas (SA) were used to represent dermal contact with a mattress.
For the lower SA used, it is assumed that an individual is wearing shorts and a t-shirt that cover half of the
limbs. The surface area of exposure is based on exposure to 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 1995) 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 mattress (US CPSC
2006a). The surface area of the head (Health Canada 1995) 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 (US EPA 2012b).
b No

TCPP- or TDCPP-specific skin contact factor (SCF), i.e. the fraction of substance on a surface
adhering to skin, was identified in the literature. As such, a value of 1 was selected to assume that all of
the chemical in contact with the skin is available for absorption.
cA

textile penetration factor (TPF) was applied for TCPP only to account for the migration rate of TCPP
being determined using uncovered foam (EU RAR 2008a). No TCPP-specific textile penetration data was
identified in the literature. As such, a value of 0.1 (Driver et al. 2007) was used for the TPF.
d The

migration rates of 4.6 × 10-3 mg/cm2/hr for TCPP (uncovered foam) and 5.6 × 10-5 mg/cm2/hr for
TDCPP (covered foam) used to estimate dermal exposures are based on migration studies of treated
furniture foam conducted by TNO Quality of Life (EU RAR 2008a) and the U.S. CPSC (US CPSC 2005b),
respectively. In the TNO Quality of Life (2005) study, filter papers wetted with artificial sweat were placed
on top of an uncovered foam block containing 10% w/w TCPP and the foam was compressed for 2 hours;
this resulted in a migration rate of 4.6 × 10-3 mg/cm2/hr. The US CPSC study built a furniture miniseat
mock-up consisting of a block of foam covered with cotton-polyester fabric and attached to plywood. The
miniseat was wetted with a saline solution, to mimic sweat, and pressure was applied to imitate the action
of lying down. The migration rate of 5.6 × 10-5 mg/cm2/hr for TDCPP was determined based on the
reported maximum daily amount extracted (8 µg) onto the filter (5.5 cm diameter) over the course of the
migration testing period (6 hours) (US CPSC 2005b).
e Exposure

durations for sleeping were adjusted from durations used by the US CPSC (2006a) for leisure
sitting to account for longer sleeping durations relative to sitting. Consideration was also given to the
exposure durations used by other jurisdictions for similar exposure scenarios (i.e., sleeping on a mattress
treated with flame retardants) (US CPSC 2006b; ECHA 2018).
f

EU RAR 2008a.

g

EU RAR 2008b.

h

Health Canada (1998).
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Oral exposure intake estimates
Intakea = [SA × M × ED] / BW
Table D-2. Parameters for TCPP and TDCPP oral intake (mouthing) estimates for
polyurethane foam exposure
Symbol Description
SAb
Surface area of direct mouthing

Value
10 cm2 (Infant)

Mc

Migration rate

20 cm2 (Toddler)
1.78 × 10-2 mg/cm2/hr (TCPP)

Exposure duration
Body weight

2.97 × 10-3 mg/cm2/hr (TDCPP)
24.5 min/d
7.5 kg (Infant)

EDd
BW e

Intake

Intake

15.5 kg (Toddler)
9.7 × 10-3 (Infant)

Intake of TCPP calculated in
mg/kg-bw/day

9.4 × 10-3 (Toddler)
1.6 × 10-3 (Infant)

Intake of TDCPP calculated in
mg/kg-bw/day

1.6 × 10-3 (Toddler)
a It

is assumed that TCPP and TDCPP are completely absorbed through the oral route and that a textile
covering on a foam object would not affect migration (i.e., no textile penetration factor, TPF, applied).
b Surface

area for infants is based on multiple references (RIVM 2008). Surface area for toddlers is based
on professional judgment reflecting twice the surface area of the opening of a toddler’s mouth.
c Migration

rates of 1.78 × 10-2 mg/cm2/hr for TCPP and 2.97 × 10-3 mg/cm2/hr for TDCPP were used to
estimate oral exposure. The Danish EPA determined the migration rates of TCPP and TDCPP from
children’s products (i.e. car safety seats, 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 particular values used here are the
average of the rates found across all samples for each flame retardant (ECHA 2018). These migration
rates are considered to be more representative of migration during mouthing than the surface migration
studies used in dermal exposure estimates.
The mouthing duration for children’s foam products such as nap mats, child restraint seats and small
furniture was based on the duration for “other objects” in Norris and Smith (2002) [cited in US EPA
(2011)].
d

e

Health Canada (1998).
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Appendix E: Exposure estimates of TCPP from products
available to consumers
Exposure from polyurethane spray foam (PUF) products
Direct skin contact with PUF used in insulation spray and sealants can result in dermal
exposure to TCPP. Inhalation exposure may also occur during application of the product
from TCPP adhering to dust particles in the air. Both small-scale (sealants) and largescale (insulation) products were considered based on confirmation of this use in
Canada (ECCC 2013-2014). The exposure event for an adult using PUF products is not
expected to occur frequently (likely every 5 years, RIVM 2007), and thus was estimated
on a per event basis. The exposure estimates presented below are based on
conservative assumptions.
Intake = [SA × FT × ρ × WF × DA] / BW
Table E-1. Dermal exposure factors for polyurethane spray foam – small scale (i.e.
sealants)
Symbol
SA

Value
10

DA

Description
Surface area of
finger tips (cm2)
Thickness of oil film
on hand (cm)
Density of product
(g/cm3)
TCPP Weight
fraction
Dermal absorption

BW

Body weight

Intake

Intake (µg/kgbw/event)

70.9 kg
(Adult)
6.8

FT

WF

1.59×10-2
0.027
30%
40%

Reference
Versar handbook thin film, instant
application scenario (Westat 1987)
Versar handbook thin film, instant
application scenario (Westat 1987)
Versar handbook thin film, instant
application scenario (Westat 1987)
SDS 2015a; ; SDS 2015b; SDS
2017
EU RAR 2008a
Health Canada 1998
-

Intake = SA × PA × WF × DA / BW
Table E-2. Dermal exposure factors for polyurethane spray foam – large scale (i.e.
insulation)
Symbol
SA

Description
Surface area of
back of hands and
forearms (cm2)

Value
2185

Reference
Health Canada 1998
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PA

0.25

RIVM 2007 (insulation foams)

0.45

SDS 2015ca ;

DA

Product amount on
skin (g)
TCPP Weight
fraction
Dermal absorption

40%

EU RAR 2008a

BW

Body weight

Health Canada 1998

Intake

Intake (µg/kgbw/event)

70.9 kg
(Adult)
635

WF

-

a

Note that this product may only be available to professionals but was selected as it had the highest
concentration identified and is considered a conservative approach.

Table E-3. Inhalation exposure factors for polyurethane spray foam – small scale
(i.e. sealants)
Description
Room volume (m3)
Air exchange rate
(/hr)
Exposure duration
(min)
TCPP Weight
fraction
Product amount (g)

Value
20
0.6

Reference
RIVM 2014 (unspecified room)
RIVM 2014 (unspecified room)

30

RIVM 2007 (joint sealant)

30%

SDS 2015a; SDS 2015b; SDS 2017

90a

SDS 2017, RIVM 2007

Inhalation rate
(m3/day)
Mean event
concentration
(µg/m3)

16.2

Health Canada 1998

180

ConsExpo Web 2016

a

Adjusted product amount of 75 g (RIVM 2007) to reflect that some products come in larger sizes (e.g.,
12 oz. for SDS 2017).

Table E-4. Inhalation exposure factors for polyurethane spray foam – large scale
(i.e., full wall spraying)
Description
Measured Air
Concentration
(Range; µg/m3)
Exposure duration
(min)
Body Weight (Adult;
kg)

Value
477 to 2 940

Reference
ACC 2012

30

RIVM 2007 (insulation foams)

70.9

Health Canada 1998
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Inhalation rate
(m3/day)
Intake (µg/kgbw/event)

16.2

Health Canada 1998

2.3 to 14

-

Exposure from waterproofing spray
The exposure event for an adult using a waterproofing spray is not expected to occur
frequently (likely once a year), and thus was estimated on a per event basis. Given that
this scenario would take place outdoors (SDS 2014) resulting in a large air exchange
rate, minimal inhalation exposure is expected. Direct skin contact with waterproofing
spray can result in dermal exposure to TCPP. The dermal uptake estimates presented
below are based on conservative assumptions.
Intake = [SA × PA × WF × DA] / BW
Table E-5. Dermal exposure factors for waterproofing spray
Symbol
SA

Value
455

Reference
Health Canada 1998

0.25

RIVM 2012

0.13

SDS 2014

DA

Description
Surface area of
back of hands (cm2)
Product amount on
skin (g)
TCPP Weight
fraction
Dermal absorption

40%

EU RAR 2008a

BW

Body weight

Health Canada 1998

Dermal
load
Uptake

Dermal load (µg/kgbw/event)
Uptake (µg/kgbw/event)

70.9 kg
(Adult)
4.7
1.8

-

PA
WF
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Appendix F: TDCPP intake estimate from urinary BDCPP
biomonitoring reverse dosimetry
Reverse dosimetry was used to derive estimates of daily intakes from urine
concentrations for adults, pregnant women, toddlers (aged 2–5 yrs), children (aged 6 to
11 yrs), and teens (aged 12 to 19 yrs). The urine concentrations from the literature that
were used to calculate intakes are presented in Section 8.1.3, with the maximum or 95th
percentile concentrations for each age group shown in Table F1. All other parameters
have been previously discussed and are also presented below. Daily intakes are
calculated for reverse dosimetry as shown in the equation below.
Daily Intake = [[Urine] × Vurine OR CER × MWR] / [BW × FUE]
Table F-1. Reverse dosimetry parameters for TDCPP metabolite, BDCPP
Symbol
[Urine]SG

[Urine]

[Urine]

[Urine]CR

Description
Maximum urinary concentrations
of metabolite corrected for
specific gravity (ng/mL)
Maximum unadjusted urinary
concentration of metabolite
(ng/mL)
95th Percentile unadjusted urinary
concentration of metabolite
(ng/mL)
95th Percentile urinary
concentrations of metabolite
creatinine corrected (µg/g)

Vurine

Total daily urine volume (L/d)

CERh

Daily creatinine excretion rate (g
Cr/day)

BW i

Body weight (kg)

FUEj

Fractional urine excretion
(based on rat toxicokinetic study)
Molecular weight ratio between
parent and metabolite, i.e.
TDCPP and BDCPP

MWR
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Value
251 (Toddlers)a
1.77 (Pregnant women)b
4.32 (Premenopausal women)c
14.8 (Children)d
6.82 (Teens)d
4.33 (Adults)d
2.7 (Pregnant women)e
2.03 (Adult women)f
0.7 (Toddlers)g
0.65 (Children)
1.4 (Teens)
1.7 (Adults)
70.9 (Adult)
31.0 (Children)
59.4 (Teens)
15.5 (Toddlers)
21% (common to all age groups)
1.34 (common to all age groups)

Intake

0.43 (Pregnant women)
0.79 (Premenopausal women)
72 (Toddlers)
2.0 (Children)
1.0 (Teens)
0.66 (Adults)

Intake (µg/kg-bw/day)

a

Toddlers (n=23) in this study were from New Jersey, U.S., and were between 1–5 years of age (Butt et
al. 2014).
b

Pregnant females (n=24) in this study were from Hamilton, ON, Canada (Kosarac et al. 2016).

c

Premenopausal females (n=44) in this study were from Toronto and Ottawa, ON, Canada (Yang et al.
2019).
d Total

of 2666 samples, for children (n=421), teens (n=427) and adults (n=1818) from across the U.S.
from the 2013-2014 NHANES data (Ospina et al. 2018). Data from NHANES is considered to be
nationally representative.
e

Mean total daily urinary void volumes were reported to range from 0.8–2.7 L/d for pregnant women
(Davison and Nobel 1981; Francis 1960; Higby et al. 1994; Neithardt et al. 2002; Parboosingh and Doig
1973; Thorp et al. 1999). The upper bound value of 2.7 L/d was selected for conservatism for reverse
dosimetry.
f

Mean total daily urinary void volumes were reported to range from 0.6–2.03 L/d for adult women (Addis
and Watanabe 1961; Davison and Nobel 1981; Francis 1960; ICRP 2003; Lakind and Naiman 2008;
Lentner 1981; Parboosingh and Doig 1973; Perucca et al. 2007; Revúsová 1971; Wu 2006). The upper
bound value of 2.03 L/d was selected for conservatism for reverse dosimetry.
g Mean

total daily urinary void volumes were reported to range from 0.45–0.7 L/d for toddlers (3–5 yrs)
(ICRP 2003; Lentner 1981; Wu 2006). The upper bound value of 0.7 L/d was selected for conservatism
for reverse dosimetry.
h High
i

end values from ICRP 2003.

Health Canada 1998.

j

Based on toxicokinetic studies conducted in rats, showing a recovery of TDCPP radioactivity of
approximately 35% in the urine (estimated from figure in reference) 24 hours after administration
(Minegishi et al. 1988), and a 60% urine recovery of metabolite BDCPP when TDCPP was administered
to rats intravenously (Nomeir et al. 1981; Lynn et a. 1980, 1981). The FUE was calculated by
determining the % BDCPP in urine to the original TDCPP dose, i.e., (0.35 moles total radiolabel in urine/
mole TDCPP administered radiolabel) × (0.6 moles of BDCPP in urine/moles total radiolabel in urine).
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Appendix G: A summary of reproductive and developmental
effects of experimental animals treated with TCPP, TCEP and
TDCPP
Detailed information on TCPP and TDCPP is presented in other sections of this
screening assessment report. Information on TCEP was obtained from the screening
assessment for the Challenge report on TCEP (Environment Canada, Health Canada
2009).
TCPP
The major effects observed were decrease in uterus weights and effects on oestrus
cycle in parental females and decrease in organ weights and terminal body weights in
parental males. No other reproductive effects were observed. There was a significant
increase in the number of runts born in both F1 and F2 generations, with no other
abnormalities observed.
TCEP
Testicular toxicity was observed in male mice and rats in a number of studies via the
oral route and the inhalation route. Decreased number of live pups per litter and
decreased numbers of litters were observed in mice. In female mice, no effects on
estrous cycle or cyclicity were observed. When pregnant rats and mice were treated
with TCEP during gestation, no development toxicity or teratogenicity was observed.
TDCPP
No male reproductive effects were observed in rabbits. There is a data gap for the
female reproductive health endpoint as no studies were identified. No developmental
toxicity effect or neurodevelopmental toxicity effects were observed in pups at dose
levels below which maternal toxicity was observed in pregnant rats that were treated
with TDCPP during gestation.
Based on animal toxicity studies, it was found that treatment of TCPP, TCEP and
TDCPP do not exhibit similar reproductive and developmental health effects.
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Appendix H: Benchmark dose (BMD) modelling and
identification of a point of departure for TDCPP cancer risk
characterization
General Methodology
The US EPA Benchmark Dose Software (BMDS2.4) (US EPA 2014) was used to
calculate the benchmark dose (BMD) and the corresponding lower limit of a one-sided
95% confidence interval (BMDL) for characterization of the cancer risk associated with
chronic exposure to TDCPP. The BMD approach, which includes dose-response
modelling, provides a quantitative alternative to the dose-response assessment which
first defines the point of departure (POD), and then extrapolates the POD for relevance
to human exposure. A dichotomous restricted model type is chosen for the BMD and
BMDL analysis. A benchmark response of 10% extra risk above predicted background
response for dichotomous data is chosen because 10% is at or near the limit of
sensitivity in most cancer bioassays. In animal cancer studies, BMD10 refers to a dose
of a substance that produces a 10% increase in the response rate of tumour relative to
the background response rate of this tumour. BMDL10 refers to a lower one-sided 95%
confidence limit on the corresponding benchmark dose (BMD10). BMD10 and BMDL10
levels are calculated for each tumour dataset from the nine models and a model is
selected on the basis of best fit (see details in model section). The parameter of “restrict
slope >=1” is applied. Then, the lowest BMDL10/BMD10 from various tumour types is
chosen as a reasonable conservative estimate for subsequent risk characterization. For
derivation of a BMD and BMDL for TDCPP, nine models were applied for analysis of
each tumour type (described in Table H1) reported in the Stauffer Chemical Co. (1981a)
study. These models included Gamma, Logistic, LogLogistic, LogProbit, Multistage,
Multistage-Cancer, Probit, Weibull and Quantal-Linear (see Table H2).
Model Selection
The best-fit model is selected from nine models for each tumour type generally based
on the highest P-value of goodness of fit; and the lowest Akaike's Information Criterion
(AIC) value (a measure of information loss from a dose-response model that can be
used to compare a set of models). A fit was judged adequate based on the goodnessof-fit P-value, scaled residual closest to the BMR (10% extra risk) and visual inspection
of the model fit. A goodness-of-fit P-value > 0.1 and an absolute value of scaled residual
of interest (SRI); represents observed minus predicted response divided by standard
errors) <2, is considered to be indicative of an acceptable fit. If the models for a given
tumour type were not accepted (e.g., P-values < 0.1), then the results from the high dose group were omitted and remodelled.
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The results for BMD10 and BMDL10 estimation (mg/kg-bw/day) for tumours induced by
TDCPP in the Stauffer Chemical Co. (1981a) study are shown in Table H2.
Table H-1. Tumour incidences in Sprague Dawley rats exposed to TDCPP via diet
for 2 years (Stauffer Chemical Co. 1981a)
Treatment dose (mg/kg-bw/day)
Renal cortical adenoma, male
Testes interstitial cell tumour, male
Hepatocellular adenomas, male
Renal cortical adenoma, female
Adrenal cortical adenomas, female
Hepatocellular adenomas, female

0
1/45
7/43
2/45
0/49
8/48
1/49

5
3/49
8/48
7/48
1/48
5/27
1/47

20
9/48*
23/47*
1/48
8/48*
2/33
4/46

80
32/46*
36/45*
13/46*
29/50*
19/49*
8/50*

*Statistically significantly different from control animals (p<0.05)

Table H-2. BMD10 and BMDL10 calculations (mg/kg-bw/day) for tumours induced
by TDCPP in Sprague Dawley rats
Number
of
groups

AIC

Pvalue

SRI

BMR

BMD10
(mg/kgbw/day)

BMDL10
(mg/kgbw/day)

Tumours

Model

Renal cortical
adenoma,
male
Testes
interstitial cell
tumour, male
Hepatocellular
adenomas,
male
Renal cortical
adenoma,
female
Adrenal
cortical
adenomas,
female
Hepatocellular
adenomas,
female

Multistage 2

4

141.65

0.98

0.019

0.1

12.24

6.84

LogProbit

4

197.24

0.436

-0.364

0.1

9.07

6.74

Multistage 3

4

131.24

0.037

0.048

0.1

59.64

33.87

LogLogistic

4

125.06

0.972

0.149

0.1

13.87

8.29

Gamma

4

156.47

0.289

0

0.1

66.45

27.89

LogLogistic

4

95.21

0.724

0.66

0.1

47.95

26.52

Abbreviations: AIC, Akaike’s Information Criterion; BMR, benchmark response; bw/day, body weight per
day; SRI, scaled residual of interest
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Appendix I: Lifetime average daily dose calculation
For the purpose of estimating the risk of cancer from exposure to TDCPP, a lifetime
average daily dose (LADD) from environmental media and food and from dermal
exposure to foam-containing furniture and mattresses was calculated using the
following equation (Health Canada 2013):
LADD = exposure rate x exposure duration / Lifetime
where,
Exposure rate = daily intake in mg/kg bw/day
Exposure duration = exposure duration during lifestage (years)
Lifetime = years in a lifetime = 80 years
The estimates of daily intake from environmental media and food are shown in Table I1. The low and high end estimates of systemic exposure to TDCPP from dermal
exposure to foam-containing furniture or mattresses are shown in Table I-2.
Table I-1. Estimates of average daily intake (µg/kg-bw/day) of TDCPP
0–6 mo
0–6

moa
(formula

0.5–4

5–11

20–59

≥60

Route of (breast
exposure milk-fed)b
fed)c
yrd
yre
12–19 yrf
yrg
yrh
Ambient
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
airi
Indoor
1.3E-04
1.3E-04 2.8E-04 2.2E-04 1.2E-04 1.1E-04 9.1E-05
airj
Drinking
N/A
1.4E-03 5.9E-04 4.6E-04 2.6E-04 2.8E-04 2.9E-04
waterk
Foodl

1.5E-02

NI

Dustm
Soiln
Total
intake

1.6E-02
N/A

1.6E-02
N/A

8.2E-03 3.1E-03 1.1E-04 1.1E-04 1.1E-04
< 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001

3.1E-02

1.7E-02

3.8E-02

2.9E-02

2.4E-02

2.7E-02

1.3E-02

1.4E-02

1.3E-02

1.3E-02

8.2E-03

8.7E-03

Abbreviations: N/A, not applicable; NI, data not identified in the literature; mo, months; yr, years.
a Assumed to weigh 7.5 kg, to breathe 2.1 m 3 of air per day (Health Canada 1998), and to ingest 38 and 0
mg of dust and soil per day, respectively (Wilson et al. 2013).
b Exclusively for breast milk-fed infants, assumed to consume 0.742 L of breast milk per day (Health
Canada 1998), and breast milk is assumed to be the only dietary source. The concentration for whole
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(breast) milk of o.151 µg/L was based on a reported mean TCPP of 4.3 ng/g lipid x 3.4% (lipid content of
breast milk) x 1.03 g/mL (density of breast milk) identified in human breast milk collected in 2006 from
subjects from Sweden (Sundkvist et al. 2010).
c Exclusively for formula-fed infants, assumed to drink 0.8 L of water per day (Health Canada 1998),
where water is used to reconstitute formula. See footnote on drinking water for details.
d Assumed to weigh 15.5 kg, to breathe 9.3 m 3 of air per day, to drink 0.7 L of water per day, to consume
54.7 g of fish per day (Health Canada 1998), and to ingest 41 and 14 mg of dust and soil per day,
respectively (Wilson et al. 2013).
e Assumed to weigh 31.0 kg, to breathe 14.5 m 3 of air per day, to drink 1.1 L of water per day, to consume
89.8 g of fish per day (Health Canada 1998), and to ingest 31 and 21 mg of dust and soil per day,
respectively (Wilson et al. 2013).
f Assumed to weigh 59.4 kg, to breathe 15.8 m 3 of air per day, to drink 1.2 L of water per day, to consume
97.3 g of fish per day (Health Canada 1998), and to ingest 2.2 and 1.4 mg of dust and soil per day,
respectively (Wilson et al. 2013).
g Assumed to weigh 70.9 kg, to breathe 16.2 m 3 of air per day, to drink 1.5 L of water per day, to consume
111.7 g of fish per day (Health Canada 1998), and to ingest 2.5 and 1.6 mg of dust and soil per day,
respectively (Wilson et al. 2013).
h Assumed to weigh 72.0 kg, to breathe 14.3 m 3 of air per day, to drink 1.6 L of water per day, to consume
72.9 g of fish per day (Health Canada 1998), and to ingest 2.5 and 1.5 mg of dust and soil per day,
respectively (Wilson et al. 2013).
i The mean concentration of TDCPP in outdoor air, (0.158 ng/m 3, from Toronto, ON (Shoeib et al. 2014)
was used for deriving upper-bounding estimates of daily intake for ambient air exposure. Canadians are
assumed to spend 3 hours outdoors each day (Health Canada 1998).
j An indoor air mean concentration from Toronto of 0.525 ng/m 3 (Vykoukalová et al. 2017) was selected
for deriving mean estimates of daily intake for indoor air exposure. Canadians are assumed to spend 21
hours indoors each day (Health Canada 1998).
k The mean concentration of TDCPP (1.3E-02 µg/L) in water from tributaries of urban and rural areas to
Lake Ontario (Shoeib et al. 2014; Jantunen et al. 2013b) was selected for deriving upper-bounding
estimates of daily intake for drinking water exposure.
l No monitoring data on marketed foods in Canada were identified; however environmental fish data in
Europe were available. The TDCPP concentration for whole fish of 8.1 µg/kg wet weight (based on a
reported maximum TDCPP concentration of 192 µg/kg lipid x 5.73% lipid content) (n= 23) of Atlantic cod,
Polar cod and Arctic char collected in 2008 in Norway (Evenset et al. 2009) was selected for deriving
upper-bounding estimates of daily exposure to TDCPP from all fish-related food items in the fish food
group. Amounts of foods consumed on a daily basis by each age group over 12 food groups were
obtained from the 1970–1972 Nutrition Canada Survey (Health Canada 1998).
m The mean concentration of TDCPP (3.08 µg/kg) in the Canadian baseline study (Canadian House Dust
Study preliminary data; Kubwabo et al., manuscripts in preparation, Environmental Health Science and
Research Bureau, Health Canada; unreferenced, dated December 13, 2013), measured in various
Canadian cities, was selected for deriving mean estimates of daily intake for dust exposure.
n No monitoring data of soil in North America were identified. The detection limit (LOD) (9 x10 -5 mg/kg)
from a German soil study was selected for deriving upper-bounding estimates of daily intake for soil
exposure.

LADD from environmental media and food = (0.031 × 0.5/80) + (0.038 × 4.5/80) +
(0.027 × 7/80) + (0.014 × 8/80) + (0.013 × 40/80) + (0.0087 × 20/80)
= 0.0148 µg/kg-bw/day
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Table I-2. Low and high end estimates of TDCPP as a result of dermal exposure to
foam-containing furniture or mattresses (details in Appendix D).
Age Group
Dermal uptake from
lying on foam
mattressesa (µg/kgbw/day)

0–0.5y
14.6 –
49.5

0.5–4y
10.3 –
37.6

5–11y
5.5 –
20.9

12–19y
4.5 –
18.3

20–59y
3.9 –
17.3

≥60–71y
3.8 –
17.0

a

Uptake estimated based on the TDCPP adjusted dermal absorption value of 30%, obtained by applying
the ratio of the TCPP in vitro absorption values (23% and 40%) to the 15% TDCPP absorption rate (EU
RAR 2008b).

LADDlow = (14.6 × 0.5/80) + (10.3 × 4.5/80) + (5.5 × 7/80) + (4.5 × 8/71) + (3.9 × 40/80)
+ (3.8 × 20/80)
= 4.50 µg/kg-bw/day
LADDhigh = (49.5 × 0.5/80) + (37.6 × 4.5/80) + (20.9 × 7/80) + (18.3 × 8/80) + (17.3 ×
40/80) + (17.0 × 20/80)
= 19.0 µg/kg-bw/day
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