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Synopsis

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA), the
Minister of the Environment and the Minister of Health have conducted a screening
assessment of two substances referred to collectively as the Thiophosphate Alkyl
Esters (TPAEs) Group. Substances in this group were identified as priorities for
assessment as they met categorization criteria under subsection 73(1) of CEPA. Their
International Union of Pure and Applied Chemistry (IUPAC) names, or trade names and
their Chemical Abstracts Service Registry Numbers (CAS RN?Y) as well as their
Confidential Accession Numbers (CAN) are listed in the table below.

Substances in the Thiophosphate Alkyl Esters Group

Acronym Substance name CAS RNP CANc®
Reaction products of 4-methyl-2-
pentanol and diphosphorus 91745-46-9 11145-3

TPAE-12 pentasulfide,

propoxylated, esterified with
diphosphorous pentaoxide, and
salted by amines, C12-14- tert-
alkyl

TPAE-22 Phosphorothioic acid, O,O-dibutyl Not available 11105-8
ester, mixed (C8,C16,C18)
alkylamine saltd

a8 Substance is a UVCB (unknown or variable composition, complex reaction products, or biological materials).
b CAS RN, Chemical Abstracts Service Registry Number.

¢ CAN, Confidential Accession Number.

4 This is a trade name; the substance has IUPAC names for each of its two main constituents.

The two substances described above and addressed in this screening assessment will
hereinafter be referred to as TPAE-1 and TPAE-2. It was determined through the
Confidential Substance Identity Claim Review Project that the identities of these
substances are no longer considered to be confidential business information and are
therefore disclosed in this document.

According to information submitted in response to a CEPA section 71 survey, import
guantities of 100 000 to 1 000 000 kg for TPAE-1 and 500 kg for TPAE-2 were reported

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



in Canada in 2011. These substances are used in Canada in industrial and automotive
lubricants. TPAE-1 is also used in metalworking fluids.

The two substances in this group are composed primarily of alkyl dithiophosphate or
thiophosphate anions with primary aliphatic amine counterions. TPAE-1 is the more
complex of the two substances, with about ten major components that include
dithiophosphate, thiophosphate and phosphate alkyl ester salts, in addition to a neutral
thiophosphate component. With the exception of the neutral component of TPAE-1, all
components of these substances are ionized under ambient environmental conditions,
and some components, notably the aliphatic amine counterions, have surfactant
properties.

The whole-substance empirical ecotoxicity data, as well as ecotoxicity data for aliphatic
amines, were used to derive critical toxicity values for the substances in this group.
These data indicate that both the alkyl (di)thiophosphate ester components and the
aliphatic amine components of the TPAEs have high chronic toxicity to aquatic
organisms, and the aliphatic amines components have moderate to low chronic toxicity
to soil organisms. TPAE-1 was also found to biodegrade very slowly. These substances
are expected to persist in the environment long enough to cause chronic toxicity;
however, they were not found to be highly bioaccumulative.

Two industrial uses of TPAEs were identified as having the highest potential for
releases to the environment: formulation of lubricants and use in metalworking fluids.
Environmental concentrations of representative components of TPAE-1 in the aquatic
environment associated with releases from these uses, following wastewater treatment,
were estimated and compared to predicted no-effect concentrations for aquatic
organisms. In addition, the concentration of the aliphatic amine components of TPAE-1
in soils following the application of biosolids from wastewater treatment facilities to soil
were estimated and compared to a predicted no-effect concentration for soil organisms.
On the basis of these comparisons, TPAE-1 may pose a risk to aquatic and soil
organisms from its use in metalworking fluids. TPAE-2 is unlikely to pose a risk to
aquatic or soil organisms based on current usage patterns.

Considering all available lines of evidence presented in this draft screening assessment,
there is risk of harm to the environment from TPAE-1. It is proposed to conclude that
TPAE-1 meets the criteria under paragraph 64(a) of CEPA as it is entering or may enter
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. However, it is proposed to conclude that TPAE-1 does not meet the criteria
under paragraph 64(b) of CEPA as it is not entering the environment in a quantity or
concentration or under conditions that constitute or may constitute a danger to the
environment on which life depends.

Considering all available lines of evidence presented in this draft screening assessment,
there is low risk of harm to the environment from TPAE-2. It is proposed to conclude
that TPAE-2 does not meet the criteria under paragraphs 64(a) or (b) of CEPA as it is



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.

From a human health perspective, TPAE-2 was previously evaluated in the Rapid
Screening of Substances with Limited General Population Exposure, which determined
that the potential for direct and indirect exposure to the general population was
negligible. Therefore, TPAE-2 is considered to be of low concern for human health at
current levels of exposure.

No measured data regarding concentrations of TPAE-1 in environmental media were
identified in Canada, or elsewhere. However, releases to the environment have been
estimated for use of the substance in formulation of lubricants and in metalworking
fluids. Critical health effects included effects in the adrenal glands and effects on the
nervous system. Comparison of estimates of oral exposure via drinking water with
levels associated with critical effects in laboratory studies resulted in margins of
exposure that were considered to be adequate to address uncertainties in the exposure
and health effects databases.

Considering the information presented in this draft screening assessment, it is proposed
to conclude that the two substances in the Thiophosphate Alkyl Esters Group do not
meet the criteria under paragraph 64(c) of CEPA as they are not entering 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 TPAE-1 meets one or more of the criteria set
out in section 64 of CEPA and that TPAE-2 does not meet any of the criteria set out in
section 64 of CEPA.

It is also proposed that TPAE-1 meets 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 section 74 of the Canadian Environmental Protection Act, 1999 (CEPA)
(Canada 1999), the Minister of the Environment and the Minister of Health have
conducted a screening assessment of two substances referred to collectively as the
Thiophosphate Alkyl Esters (TPAES) Group to determine whether these substances
present or may present a risk to the environment or to human health. The substances in
this group were identified as priorities for assessment as they met categorization criteria
under subsection 73(1) of CEPA (ECCC, HC [modified 2017]). The substances in this
group have similar chemical structures, as they both have alkyl dithiophosphate or alkyl
thiophosphate anions with primary aliphatic amine counterions. The first of the two
substances addressed in this screening assessment has Chemical Abstracts Service
Registry Number (CAS RN?) 91745-46-9, and Confidential Accession Number (CAN)
11145-3. The second substance has CAN 11105-8 but does not have a CAS RN.
Hereinafter the substances will be referred to as TPAE-1 and TPAE-2, respectively.
More information on the identity of these substances, including their International Union
of Pure and Applied Chemistry (IUPAC) names or trade names, is provided in Section
2.

It was determined through the pilot phase of the Confidential Substance Identity Claim
Review Project that the identities of these substances are no longer considered to be
confidential business information. This project stems from the Approach to disclose
confidential information and promote transparency in chemicals management (the
Approach) (Canada 2018). This policy document sets out several measures to improve
the transparency of chemicals management in Canada, including the introduction of a
review of confidentiality claims for substance identities after a period of ten years. To
implement this part of the Approach, a pilot project was initiated to address 24
substances on the Domestic Substances List (DSL), including TPAE-1 and TPAE-2.
Through this process, the nominators of TPAE-1 and TPAE-2 confirmed that they no
longer required confidential substance identities for these two substances, and as such,
their identities are disclosed in this document.

TPAE-2 was evaluated under the approach applied in the Rapid Screening of
Substances with Limited General Population Exposure (ECCC, HC 2018), and was
found to be of low concern to human health.

This draft screening assessment includes consideration of information on chemical
properties, environmental fate, hazards, uses and exposures, including additional
information submitted by stakeholders. Relevant data were identified up to September

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


https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/approach-confidential-information-chemicals-management.html
https://www.canada.ca/en/environment-climate-change/services/evaluating-existing-substances/approach-confidential-information-chemicals-management.html

2018, with additional targeted literature searches up to March 2020. Empirical data from
key studies as well as results from models were used to reach proposed conclusions.
When available and relevant, information presented in assessments from other
jurisdictions was considered.

This draft screening assessment was prepared by staff in the CEPA Risk Assessment
Program at Health Canada and Environment and Climate Change Canada and
incorporates input from other programs within these departments. The ecological
portions of this assessment have undergone external review. Comments on the
technical portions relevant to the environment were received from James Armitage
(AES Environmental Services, Inc.), Connie Gaudet, and Meredith Curren. While
external comments were taken into consideration, the final content and outcome of the
screening assessment remain the responsibility of Health Canada and Environment and
Climate Change Canada.

This 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.® This draft
screening assessment presents the critical information and considerations on which the
proposed conclusions are based.

2. Identity of substances

Both substances in this grouping are of Unknown or Variable composition, Complex
reaction products or Biological materials (UVCBs). UVCBs are derived from natural
sources or complex reactions and cannot be characterized in terms of constituent
chemical compounds because their composition is too complex or variable. A UVCB is
not an intentional mixture of discrete substances and is considered a single substance.
In Table 2-1 the CAN of the substances are shown alongside the descriptive chemical
names, and where available, the CAS RNs.

3A 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.



Table 2-1. Substance identities

Acronym Substance name CAS RN EC No. CAN

Reaction products of 4-methyl-
2-pentanol and diphosphorus
pentasulfide,

propoxylated, esterified with
diphosphorous pentaoxide,
and salted by amines, C12-14-

_ _nd
tert-alkyl® 91745-46-9 294-716-27,

TPAE.1 931-384-6 11145-3

(Amines, C12-14-alkyl,
reaction products with hexanol,
phosphorus oxide (P20s),
phosphorus sulfide (P2Ss) and
propylene oxide)®

Phosphorothioic acid, O,O-
TPAE-2 dibutyl ester, mixed Not available | Not available 11105-8
(C8,C16,C18) alkylamine salt®

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; EC No., European Community number; CAN,
Confidential Accession Number.

a Substance name used in REACH substance evaluation report.

b Substance name associated with the CAS RN.

¢ This is a trade name; the substance has IUPAC names for each of its two main constituents (see Table 2-3).

d This EC No. is linked with the CAS RN; the other EC No. is not linked with the CAS RN.

The composition of TPAE-1 includes a variety of phosphorodithioate/thioate alkyl esters
and phosphate alkyl ester structures, all of which are anions with C12-14 tert-alkyl
amine counterions, with the exception of one neutral component (Table 2-2). Industry
information identifies about 10 major structures in this substance that are present in the
commercial product in variable amounts, along with the aliphatic amine cation (Study
Submission 2018; Table 2-2). The structures present in the largest molar quantity are
the aliphatic amines, as they are the counterion to all other ionic structures present in
this UVCB and are estimated to comprise about 40% of the mixture by molar quantity,
or about 25% by weight. The data on the substance composition provided to
Environment and Climate Change Canada (ECCC) and Health Canada (HC), which
was based on chemical analyses of a single sample of this substance using liquid
chromatography-mass spectrometry as well as phosphorus nuclear magnetic
resonance (Study Submission 2018; ECHA 2019a), did not give the percentages of
each of the major structures in the substance; rather percent ranges were assigned to
groupings of these structures.



Table 2-2. Major structures of TPAE-1

Structure | Molecular Chemical structure drawing
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Structure | Molecular Chemical structure drawing
number weight
(g/mol)?
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2The representative structure weights do not include the weight of the aliphatic amine counterions.
bThe representative structure depicted is C12 tert-alkyl amine. The actual aliphatic amine component is a
UVCB, C12-14 tert-alkyl amines.

Table 2-3. Constituents of TPAE-2

Constituent IUPAC name CAS RN or EC No.
Amines, C16-18-(even numbered, saturated
constituent A and unsaturated) alkyl, O,0-di-Bu EC No. 947-129-72

phosphorothioates

0O,0-dibutyl hydrogen thiophosphate,

constituent B compound with 1-octylamine (1:1) 93964-99-9

Abbreviation: CAS RN, Chemical Abstracts Service Registry Number; EC No., European Community
number; IUPAC, International Union of Pure and Applied Chemistry.
a CAS RN has not been assigned.

TPAE-2 is registered under the European Union’s Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH) regulation under each of its two
main constituents, as provided in Table 2-3, rather than as a single substance, as
described in Table 2-1. However, the individual constituents are only manufactured and
distributed together and are not offered for commercial use separately (personal
communication, letter from industry stakeholder to Environment and Climate Change
Canada, dated November 20, 2017; unreferenced). Constituent A (Table 2-3) accounts
for the major portion of TPAE-2, comprising approximately 84% by weight of this
substance, while constituent B accounts for approximately 12% by weight. The alkyl
thiophosphate component is found in both the A and B constituents of TPAE-2 with the
composition of the aliphatic amine component of the constituents differing (Table 2-4).
The aliphatic amine component of constituent A is variable; however, the composition of
constituent A with the C18 amine representative structure as depicted in Table 2-4
represents 60% to 80% of this constituent (ECHA 2018a). The aliphatic amine
component of constituent B is comprised of one major component with less than

10 wt.% impurity. More detailed information on the composition of constituents A and B



of TPAE-2 can be found in their REACH dossiers (ECHA 2017, 2018a). The remainder
of TPAE-2 (about 4 wt.%) is a mixture of unreacted alkylamines including CAS RN
40165-68-2 [9-octadecen-1-amine, N-(92)-9-octadecen-1-yl-, (9Z)-], CAS RN 112-90-3
[9-octadecen-1-amine, (92)-] and CAS RN 111-86-4 [1-octanamine] (personal
communication, email from industry stakeholder to Environment and Climate Change
Canada, dated April 25, 2018; unreferenced).

Table 2-4. Representative structures of TPAE-2

Structure Molecular Chemical structure drawing

weight
(g/mol)2

11105-8, 226.27 S

alkyl

thiophosphat P

e (constituent /\/\o/ \O/\/\

A & B) o

11105-8, C18 | 269.52 /\/\/\/\/\/\/\/\/\

amine "HyN

(constituent

A)

11105-8, C8 | 129.24 ) /\/\/\/\

amine H3N

(constituent

B)

aThe representative structure weights do not include the weight of the aliphatic amine counterions
2.1 Selection of analogues and use of (Q)SAR models

A read-across approach using data from analogues and the results of (quantitative)
structure-activity relationship ((Q)SAR) models, where appropriate, has been used to
inform the ecological assessment. The analogues selected were structurally similar
and/or functionally similar to substances within this group (e.g., similar
physical-chemical properties, same mechanism of toxic action) and had relevant
empirical data that could be used to read across to substances in the TPAEs Group,
which have limited empirical data. The names and structures of the analogue
substances discussed in this report are confidential as they were notified under the New
Substances Notification (NSN) Regulations. However, they have structures quite similar
to some of the representative structures of TPAE-1 in that they both have ionized alkyl
phosphorodithioate species in association with branched aliphatic amine salts. It is
noted, however, that analogue selection for UVCBs carries greater uncertainty than for
discrete chemicals due to the diversity of structural components and variability in
compositions. The use of analogue ecotoxicity data is further discussed in Section 6.1.

The applicability of (Q)SAR models was determined on a case-by-case basis. Details of
the read-across data and (Q)SAR models chosen to inform the ecological assessment
of the TPAEs Group are further discussed in the relevant sections of this report.
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Table 2-5. Availability of read-across data used to inform various parameters
evaluated in this assessment

Analogue Water K Biodegradation | Ecotoxicity Human
9 solubility ow data data health data
NSN
substance 1 Y Y N N NR
NSN
substance 2 Y Y Y Y NR

Abbreviations: Y = yes; N = no; NR = not required; NSN = New Substances Notification

3. Physical and chemical properties

Measured and modelled physical and chemical property data for the two substances in
the TPAEs Group are presented in Table 3-1, while data for the analogue NSN
substances are found in Appendix A. Given the complexity of the TPAEs, as well as the
NSN analogue substances, as they are ionizing UVCBSs, there are inherent challenges
in measuring the physical/chemical properties of these substances, meaning that these
data may be associated with significant uncertainty.

Table 3-1. Physical and chemical property values for the TPAEs

TPAE-1 TPAE-2, Constituent A TPAE-2,

Constituent B

Physical state o - I

(20°C) liquid liquid liquid

Melting point (°C) -6 (pour point) <-20 <-20

Boiling point (°C - - -

at 101.3 kPa) 198 (initial) 215 (initial) 201 (initial)

Vapour pressure 3.2 x 102 2.2 x 102 1.8

(Pa)

Relative density 0 0 0

(unitless) 1.02 @ 15.6°C 0.938 @ 20°C 0.969 @ 20°C

Water solubility

(mg/L at loading 39.5@ 100 LR

rate in mg/L)

20.7 @ 10 000 LR

4.9 @ 10 000 LR

Water solubility
(mg/L at loading
rate in mg/L)

138 @ 1000 LR

15.4 @ 1000 LR

4.7 @ 100 000 LR

C8 aliphatic
log Kow Rang§:7<12.30 o C16-18 aliphatic amines aTlgss(Jrcgr;f)t.:
(dimensionless) ' compt.: 4.61 (£5.2) T
log K Dibutylphos- Dibutylphos-
( d?meor\gvsionless) NA phorothioate compt: phorothioate
2.73 (x1.8) compt.: 1.37 (£0.36




TPAE-1 TPAE-2, Constituent A TPAE-2,
Constituent B
log Koc < b C16-18 aliphatic amines
(dimensionless) <1.25 (10 5.09 compt: 3.42°¢ NA
log K Dibutylphosphorothioate
oc . c
(dimensionless) NA compt: 2.51 NA

Notes: The references for constituents A and B of TPAE-2 are ECHA (2018a) and ECHA (2017), respectively. The
reference for data for TPAE-1 is ECHA (2019a).

Abbreviations: Compt., component; NA, not available; Kow, octanol-water partition coefficient; Koc, organic carbon-
water partition coefficient; LR, loading rate.

@ 38% of area had Kow 0of >7.1, 24% of area had Kow 0of 1.8, and 9.8% of area had Kow 0f 4.9.

b 68% of area had Koc <1.25; 32% of area had Koc of 1.36 to <5.09.

¢ Calculated based on QSARs (ECHA 2017, 2018a).

Analytical characterization of TPAE-2 reported in ecotoxicity studies suggests the
amine-thiophosphate salts dissociate in aqueous systems (Section 6.1.2), and it is
assumed that TPAE-1 also dissociates in water. The physical-chemical properties of
representative thiophosphate and amine components of the TPAEs were considered in
addition to those of the whole-substance UVCBs included in Table 3-1. All of the
representative structures of TPAE-1 and TPAE-2 are ionizing, with the exception of one
neutral component of TPAE-1. The alkyl dithio/thio/phosphate ester components of
these structures are all predicted to be strong acids, with predicted log pKa values in the
range of 0.8 to 2.7 (ACD/Percepta c1997-2012), and so they will be almost completely
ionized (negatively charged) at the environmentally relevant pH range of 5 to 9. All of
the primary aliphatic amines have a pKa of about 10.5 (ECCC, HC 2021) and, therefore,
are nearly 100% ionized (positively charged) over the environmentally relevant pH
range of 5 to 9.

The alkyl (di)thiophosphate structures are predicted to have surfactant properties on the
basis that the representative structures/components all have predicted surface tensions
of about 28-29 dyn/cm (TEST 2016), which is well below the 60 dyn/cm value below
which substances are considered to have surfactant properties (EC 1992). The aliphatic
amines also have surfactant properties (ECCC, HC 2021).

(Q)SAR models were also used to generate predicted physical/chemical property values
for the alkyl (di)thiophosphate and aliphatic amine components of these substances
(Table 3-3). It should be noted that these models (i.e., EPI Suite c2000-2012, AIEPS
c2010-2012, CATALOGIC 2014), with the exception of ACD/Percepta (c1997-2012), do
not model the ionized forms of the substances, which is the form for most of these
representative structures, at ambient pH range for natural waters (pH 5 to 9). Toxicity
Estimation Software Tool (TEST) (2016) generates predictions based on the most
similar substances available in its training set, which may or may not be ionizing.

Given the uncertainties inherent in modelling physical/chemical properties of ionizing
substances and ones with surfactant properties, it was decided to use a representative
alkyl dithiophosphate structure (structure 1) of TPAE-1, which is the only structure that

9




IS not ionizing, to represent the physical/chemical properties of the alkyl
(di)thiophosphate and alkyl phosphate ester components of this substance. As this
structure has a predicted log Kow 0f 5.4 t0 5.9, this is considered to be a conservative
choice for modelling endpoints such as bioaccumulation. A C12 tert-alkyl amine is used
to represent the counterions of TPAE-1, which will be referred to as the aliphatic amine
component of TPAE-1.

Physical-chemical properties for the other structures of TPAE-1 were modelled;
however, it is unclear how valid some of these model results are for these ionizing
substances, and therefore these values were not included in Table 3-2. The molecular
weights and sizes of these structures vary widely (Table 2-2), and therefore their
predicted physical-chemical properties also vary considerably. The major structures
range in log D at pH 7 from -3.8 (Str. 10) to 6.9 (Str. 3) and in water solubility at pH 7
from 1.5 mg/L (Str. 3) to 1 x 108 mg/L (Str. 10) (ACD/Percepta c1997-2012). However,
they are all predicted to have low vapour pressures (<0.13 Pa) (ACD/Percepta c1997-
2012).

Table 3-2. Modelled physical and chemical property values for representative
structures of the alkyl (di)thiophosphate components of the TPAEs

Structure 1, Alkyl thiophosphate References
TPAE-1 component,
TPAE-22

log Kow 5.9 NA KOWWIN (2010)
(dimensionless)
logD@ pH 7 5.4 -1.1 ACD/Percepta
(dimensionless) (c1997-2012)
Water solubility 0.055 —1.1° 3.7 x10° ACD/Percepta
(mg/L) (c1997-2012)
Vapour pressure 5.2 x10° 6.6 x 102 EPI Suite (c2000-
(Pa, 20 °C) 2012)
Henry’s law 7.0x 103 2.0x 101 HENRYWIN
constant (Pa (2008) Bond
m3/mol) method
log Koc 3.1- 3.7¢ 2.6 KOCWIN (2010),
(dimensionless) MCI method

Abbreviations: log D, log octanol-water distribution ratio; Kow, 0ctanol-water partition coefficient; Koc, organic carbon-
water partition coefficient; MCI, molecular connectivity index.

a Modelling is based on the neutral form of this component, with the exception of log D and water solubility.

b Water solubility values estimated using the following models: WSKOWWIN (2010), WATERNT (2010) and
ACD/Percepta (c1997-2012).

¢ 3.7 estimate is based on Kow.

Determining physical-chemical properties for aliphatic amines is complicated by their
surfactant and ionizing properties, as discussed in more detail in the assessment report
for this substance group (ECCC, HC 2021). ACD/Percepta (c1997-2012) was used to
model the water solubility of the aliphatic amines, in order to supplement the limited
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experimental data (ECCC, HC 2021). Since the bioconcentration and partitioning
behaviour of ionizing and surfactant substances does not correlate well with Kow (ECCC,
HC 2021), other metrics were used to describe the partitioning behaviour of aliphatic
amines, including the solids-water distribution coefficient (Kd), an organic carbon-water
distribution coefficient specific to cations (Koc-cation), & distribution coefficient for ionic
interactions with clays (Kcec), and the membrane-water partition coefficient (Kmw)
(ECCC, HC 2021). The general trend in these partitioning coefficients is that the
partitioning of aliphatic amines to soil, clay or membranes increases with increasing
chain length. Modelled and measured physical-chemical properties for aliphatic amine
representative structures for the TPAEs Group are summarized in Table 3-3.

Table 3-3. Measured and modelled physical and chemical property values for
aliphatic amine components of TPAEs (ECCC, HC 2021)

K.a Water solubility Vapour pressure
Structure Pfa (mg/L) at pH 7 (pH 6- at 20 °C (Pa)®
9)a
TPAE-1
aliphatic 10.5 18400 (941 - 22 300) 6.1
amine (C12)
TPAE-2,
Constituent
197 000 (10 500 —
B,C8 10.5 235 000) 129(E), 131
aliphatic
amine
TPAE-2,
Constituent
A C18 10.5 4.6 (0.21 -5.6) 0.012
amine

Abbreviations: pKa, acid dissociation constant; E, experimental value (from EPI Suite c2000-2012 database).
@ Modelled with ACD/Percepta c1997-2012.
b Modelled with EPI Suite c2000-2012.

4. Sources, uses and releases

The two substances in the TPAEs Group were included in a survey issued pursuant to a
CEPA section 71 notice (Canada 2012). Both substances were reported to have been
imported into Canada and neither substance was manufactured in Canada in 2011 at a
reporting threshold of 100 kg (Table 4-1).

Table 4-1. Summary of information on Canadian manufacturing and imports of the
TPAEs Group in 2011

Substance Total imports@ (kg) Total manufacture?(kg)
100 000 to NR
TPAE-1 1 000 000
TPAE-2 500 NR
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Abbreviations: NR, not reported at reporting threshold of 100 kg.
a Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 2013). See
survey for specific inclusions and exclusions (schedules 2 and 3).

Both substances in this group are used in Canada in industrial and automotive
lubricants and lubricant additives (ECCC 2015). One of the reported uses of TPAE-1 is
as a lubricant in the manufacture of machinery (ECCC 2015). For this assessment, this
has been interpreted as use in metalworking fluids, to provide anti-oxidation,
anti-corrosion, or anti-extreme temperature/pressure protection. Metalworking fluids
may be used in various industries including aviation, ship building, automotive,
electronic equipment manufacturing, transportation, and other industries. TPAEs might
also be used as an additive in re-refined lubricant products, which are produced from
waste oils that are re-processed at specialized facilities.

The only identified use of TPAE-2 in Canada is as a component of hydraulic oils, with a
recommended content of less than 1% in the formulated hydraulic oil (personal
communication, email from industry stakeholder to Environment and Climate Change
Canada, dated September 12, 2018; unreferenced). However, TPAE-2 may also be
used as an ashless antiwear additive for use in gear oils (automotive and industrial),
hydraulic oils, compressor oils and engine oils for light duty trucks (personal
communication, email from industry stakeholder to Environment and Climate Change
Canada, dated September 12, 2018; unreferenced). In Europe, it is used in the
manufacturing of vehicles and machinery, as a processing aid, and as a laboratory
reagent (ECHA 2017, 2018a).

The uses of TPAESs that have potential releases to the environment are product
formulation and, for TPAE-1, use in metalworking fluids. Most facilities using TPAEs
would release their effluents to off-site wastewater treatment systems (WWTS), where
the TPAEs may partition to the sludge. Therefore, there is also the potential for TPAEs
contained in biosolids produced by WWTS* to be spread on to agricultural land. These
potential release scenarios are discussed in Section 6.2.

Spent oil-based metalworking fluids are collected and disposed of when they are no
longer suitable for service in accordance with provincial/territorial requirements. Small
amounts of the spent metalworking fluids, whether they are oil-based or water-based,
may enter into wastewater streams and be discharged to WWTS. Disposal of TPAES in
other lubricant oils are not expected to result in significant releases to the environment,
as there are provincial/territorial regulations that require recycling of used lubricating oils

4 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” or “industrial wastewater treatment systems.”
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(Environment Canada, Health Canada 1994, Environment Canada 2011, Cheminfo
Services 2016).

5. Environmental fate and behaviour
5.1 Environmental distribution

The distribution of components of TPAES, including long-chain aliphatic amines,®
among the environmental compartments (air, water, soil, sediments, and biota) is
gualitatively described below, based on measured/modelled physical and chemical
properties. Current fugacity models are not designed to address the environmental fate
of ionizing and surface-active substances such as TPAEs. Therefore, fugacity modelling
was not performed.

The components of the TPAEs, most of which are ionized under typical conditions, are
predicted to have low vapour pressures and will not be volatile (US EPA 2010).
Volatilization of a chemical from water and moist soils is described by its Henry’s law
constant (HLC), which can be measured experimentally, but is typically estimated as the
ratio of vapour pressure to water solubility. Although QSAR models are available for
generating HLCs, measured values for ionizing substances may differ significantly from
the estimates (ECETOC 2003).6 No experimental HLC data, or data calculated from
high-quality experimental water solubility and vapour pressure data, was found for
TPAES or long-chain aliphatic amines. In general, negligible volatilization can be
expected for surfactants (Boethling and Mackay 2000).

When released to water, the aliphatic amine components (due to their positive charge
and surfactant properties) will be adsorbed onto the suspended solids, organic matter,
and sediments. Organic cations that are charged at environmentally relevant pHs, such
as aliphatic amines, sorb via ionic and non-ionic interactions with negatively charged
cation exchange sites in both organic matter and clays (Droge and Goss 2013a, 2013b).
The uncharged structure 1 of TPAE-1 is also predicted to sorb strongly to organic
matter due to its high predicted log Koc value. Some of the larger alkyl
(di)thiophosphate components may also partition to sediment despite their negative
charge, as they have moderate to high modelled log D values (Table 3-3). The smaller
thiophosphate components, however, are expected to remain predominantly in water
given their high predicted water solubilities (greater than 1000 to greater than

10 000 mg/L) and low log D values (Table 3-3).

5 A long-chain aliphatic amine is defined as an aliphatic amine having an alkyl chain that is equal to or greater than 8
carbon atoms.

6 For practical purposes, any substance with a Henry's law constant of greater than 1 will partition preferentially into
the gas phase (ECETOC 2003).
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Likewise, when released to soil (e.g., via the application of sludge/biosolids on
agricultural lands), structure 1 and some of the larger structures of TPAE-1 are
expected to adsorb to soil particles. The long-chain aliphatic amine components will
also sorb strongly to soil particles. However, the smaller, more water soluble and
negatively charged alkyl thiophosphate and alkyl phosphate components of the TPAEs
are not expected to bind to soil particles. Therefore, some of the TPAEs components
will bind to soil and others will not.

Long-chain aliphatic amine components of TPAEs are not expected to undergo
long-range transport in air or water due to their low to moderate volatility, their binding to
soils and sediments, and their relatively rapid biodegradability in the environment. In
addition, TPAEs and aliphatic amines are predicted to have very short half-lives in the
atmosphere as they react with hydroxyl radicals (Section 5.2.1), thus it appears unlikely
that they would undergo long-range atmospheric transport. It may be possible for some
of the alkyl thiophosphate components of TPAE-1 to undergo long-range transport in
water, as some are highly soluble, and TPAE-1 appears to be persistent in water
(Section 5.2.2). TPAE-2 is not persistent in water (Section 5.2.2), so is unlikely to
undergo long-range transport in water.

5.2 Environmental persistence
5.2.1 Abiotic degradation

For TPAE-1, a hydrolysis study was not performed for the REACH registration, as it was
not considered to be technically feasible (ECHA 2018a). No reliable data was obtained
for the hydrolysis of constituent A of TPAE-2 due to its surface effects and poor
instrument response (ECHA 2018a). No hydrolysis study was performed for

constituent B of TPAE-2. However, the alkyl thiophosphate component of TPAE-2 was
stable in solution for 48 to 72 hours during ecotoxicity testing (Section 6.1.2). Based on
this information, the alkyl (di)thiophosphate components of the TPAEs do not seem to
hydrolyse quickly. The aliphatic amine components will also not hydrolyse due to the
lack of hydrolysable groups (ECCC, HC 2021).

TPAES are not expected to be released in air given their intended uses and physical-
chemical properties. The modelled atmospheric half-life of structure 1 of TPAE-1 due to
reaction with hydroxyl ions is 0.6 hours (AOPWIN 2010), indicating that it is not
persistent in air. The neutral forms of the other alkyl (di)thiophosphate components of
TPAE-1 and TPAE-2 also have half-lives of less than 2 hours in air due to reactions with
hydroxyl ions (AOPWIN 2010), and so are also not considered to be persistent in air.
However, structure 1 is predicted to highly sorb (68% to 84%) to airborne particulates
(AEROWIN 2010), and thus may be resistant to atmospheric degradation. The larger
structures of TPAE-1 that have higher Kow values may also highly sorb to airborne
particulates.

Aliphatic amines are also not predicted to be persistent in air, as they are likely to be
degraded due to reactions with the hydroxyl radical and with ozone (AOPWIN 2010).
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The half-lives of aliphatic amines reacting with the hydroxyl radical vary from 0.4 to

3.2 hours, while for the reactions with ozone, the estimated half-lives are in the range of
0.7 to 2.1 hours (AOPWIN 2010). Therefore, components of TPAEs are not likely to be
persistent in air.

5.2.2 Biodegradation in water
TPAE-1

In whole substance aerobic biodegradation tests, TPAE-1 was found to have very low
ready biodegradability in water, with values ranging from -10.3% to 9.8% CO2 evolution
over 28 days, even though the microbes were pre-adapted to the test substance in two
of the tests (Table 5-1). NSN analogue 2, which is similar to TPAE-1, also showed low
biodegradation of 20% over 28 days (Table 5-1).

As the TPAESs are expected to dissociate in aquatic environments, biodegradation of the
components of TPAE-1 was examined separately in addition to the whole substance
data. Modelled data for structure 1 support the empirical biodegradation data for the
whole substance. CATALOGIC (2014) predicts a 28-day biological oxygen demand
(BOD) test result (% degraded) of 4.0% (x 3.0%) for structure 1, with an ultimate half-life
of over 1 year, 3 months. The BIOWIN 5 (MITI Linear model) and BIOWIN 6 (MITI
non-linear model) (BIOWIN 2008) results indicate that structure 1 has low
biodegradability, though the BIOWIN 3 (ultimate biodegradation model) result indicates
a biodegradation timeframe of weeks to months. The C10-14 tert-alkyl amine
component is not readily biodegradable with biodegradation measured by O2
consumption or COz2 evolution of 22% or less following 28-day tests (Table 5-1);
however, some of these tests used concentrations of test substance of 10 mg/L or more
which was hypothesized to have been toxic to the microbes. It is possible that C12-14
tert-alkyl amines could biodegrade over a longer time-frame. The predicted ready
(28-day) biodegradation for C12-14 tert-alkyl amines is 18% to 22%, and their ultimate
biodegradation half-lives are predicted to be approximately 3 months (CATALOGIC
2014). In summary, the empirical and modelled data suggest that the alkyl
(di)thiophosphate components of TPAE-1 will be persistent in water, while the aliphatic
amine components may biodegrade on the order of months.

TPAE-2

In aerobic CO2 evolution tests, constituents A and B were found to have biodegradation
of 75% and 80% over 28 days, respectively (Table 5-1). The higher biodegradation
observed for this substance may be attributable to its components being considerably
smaller than those of TPAE-1, several of which have molecular weights in the 700 to
1000 g/mol range, versus 494 g/mol for the largest structure of TPAE-2 (i.e., constituent
A with C18 aliphatic amine). TPAE-1 also has much more branching in both the alkyl
(di)thiophosphate and amine components than TPAE-2, a feature which may hinder
biodegradation.
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Modelling for the alkyl thiophosphate component of TPAE-2 generally supports the
experimental data for the whole substance. The CATALOGIC (2014) 28-day BOD
prediction is only 10% (x28%); however, this prediction is not considered robust as 54%
of substance fragments were not in the model training set. The BIOWIN 3 estimate
indicates an ultimate biodegradation timeframe of days to weeks (BIOWIN 2008).

The aliphatic amine components of TPAE-2 were also found to be highly biodegraded.
Both octadecylamine (C18 primary amine; CAS RN 124-30-1) and octylamine

(C8 primary amine; CAS RN 111-86-4) were reported as being readily biodegradable in
OECD guideline tests (Table 5-1). For C8-C18 cocoamine (CAS RN 61788-46-3), there
were two ready biodegradation studies available with values ranging from 56% to 67%

(Table 5-1), which are close to or above the ready biodegradation pass value of 60%.
Model results also support that these components will have ultimate half-lives in the
order of weeks in water (BIOWIN 2008; CATALOGIC 2014).

In summary, existing data suggest that both the alkyl thiophosphate and aliphatic amine
components of TPAE-2 will degrade rapidly in the environment.

Table 5-1. Summary of key data regarding the biodegradation of substances in

the TPAEs Group

Substance Test conditions (method) Testresult Reference
(28 day)
Aerobic ready biodegradability
-erk;D; Itz;,cévhole in water, COz evolution test 34.{6;/(;)/;{- ECHA 2019a
(ASTM D-5864-95) '
Aerobic ready biodegradability
l-lj)lﬁs Itiéi&(\;vhole in water, COz evolution test %)0;?/;/ ECHA2019a
(OECD 301B) '
Aerobic ready biodegradability
;ka; ItEa-Li,C;vhole in water, COz2 evolution test 7'3 (l/f(y:/' ECHA 2019a
(OECD 301B) '
Aerobic ready biodegradability 4,70 b
TPAE-1, whole in water, CO:2 evolution test ' ECHA 2019a
substance (OECD 301B, EU Method C.4- 2 704 ©
C, and ISO 10634:1995(E)). '
TPAE-2 Agrobic ready biodegradability
constituent A in water, COz2 evolution test 75% ECHA 2018a
(OECD 301B)
TPAE-2 A_erobic ready biodegradability
constituént B in water, COz2 evolution test 80% ECHA 2017
(OECD 301B)
20% CEPA New
NSN analogue 2 OECD 301B (CO2 Substances
evolution) Program

16




Test result

Substance Test conditions (method) (28 day) Reference
(E:cl:OYﬂtleZtS :512II,<yI Ready biodegradability: Closed
amines bottle test, O2 consumption 22% ECHA 2019b
N (OECD 301D)
constituent
EC 701-175-2, Ready biodegradability: O2
C10-14 tert-alkyl consumption (OECD 301D, -18.1% to
amines, OECD 301F), CO: evol. (ASTM 4.3% ECHA 2019b
constituent® D 5864-95)
Octadecylamine 70%
(C18) (CAS RN OECD 301F ECHA 2018c
124-30-1)
56% (O2
Coco amine consumption), Akzo Nobel
(C8-C18) (CAS OECD 301B, OECD 301D 58%, 67.3% 1992a, ECHA
RN 61788-46-3) (CO2 2018c
evolution)
Octylamine (C8)
(CAS RN 111- Various OECD methods 73% to 99% ECHA 2019c
86-4)

aIn these studies, the test sludge was pre-adapted to the test material for 14 days before commencement of the
28-day biodegradability tests. Pre-adaptation was not performed in the other studies with TPAE-1.
b Test material was applied to test medium by pre-application on silica gel.

¢ Test material was added to test medium by pre-dissolving in silicone oil.

9 No analysis of test material provided.
€ Analysis of test material, PRIMENE 81-R, provided for two of the tests: 74% C12, 14% C11, 11% C10.

5.2.3 Biodegradation in soil

No data on biodegradation in soil was available for TPAEs or NSN analogues. Data
were available on the biodegradation of the aliphatic amine hexadecanamine (C16), as
well as for two analogue substances for aliphatic amines, quaternary ammonium
compounds, C12-C18 alkyl (hydroxyethyl) dimethyl, chlorides, and C22 trimethyl
ammonium chloride (ECCC, HC 2021). It was determined, because of the relatively high
percentage of the formation of radioactive *CO: in tests with these substances

(55% to 73%), as well as 50% dissipation times in soils of 8 to 41 days, that
biodegradation is a predominant process of the dissipation of these substances, and
that soil microorganisms are capable of degrading long-chain aliphatic amines (ECCC,

HC 2021).

Based on the above data, the aliphatic amine components of the TPAES are not
expected to be persistent in soil. However, the highly branched alkyl (di)thiophosphate
components in TPAE-1 are expected to be persistent in soll.
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5.2.4 Biodegradation in sediments

No studies were found on the biodegradation of TPAESs or of long-chain aliphatic
amines in sediments.

Under aerobic conditions in the top few centimeters of sediments, half-lives of the alkyl
(di)thiophosphate and aliphatic amine components in sediments could be expected to
be similar to those in soils. Thus, the aliphatic amine components are not expected to
be persistent, whereas the half-lives of the alkyl (di)thiophosphate components would
depend on the level of branching, where the smaller less branched components of
TPAE-2 would be expected to degrade quickly while the larger more highly branched
components of TPAE-1 may persist.

The representative structures of TPAE-1, including the aliphatic amine structure, are
expected to undergo very slow anaerobic biodegradation (BIOWIN 2008). No tests on
biodegradation of the TPAESs or primary aliphatic amines in sediments under anaerobic
conditions are available (ECCC, HC 2021). Most sediments are anoxic at a depth
greater than a few centimeters. It is conservatively assumed that these substances are
persistent under anaerobic conditions such as those found in anoxic sediment layers.
This assumption is consistent with the European risk assessment report on primary
aliphatic amines (EC 2008). For the aliphatic amines components, it is also consistent
with observations of accumulated and elevated concentrations of cationic surfactants in
field sediments (Lara-Martin et al. 2010).

5.3 Potential for bioaccumulation
5.3.1 Bioaccumulation potential of alkyl (di)thiophosphate components

A bioconcentration factor (BCF) study with rainbow trout (Oncorhynchus mykiss) was
conducted with structure 1 of TPAE-1, which is a neutral (unionized) structure, as a
surrogate for the whole substance TPAE-1 (Study Submission 2018; REACH
registration dossier, unreferenced). The study was not conducted on the UVCB itself as
it has a complex composition which is not suited for conventional bioconcentration tests.
In the BCF assay, the radiolabelled surrogate molecule of 99% purity was tested at two
concentrations in water, 0.25 and 2.8 pg/L (mean measured values), using a solvent
carrier (dimethylformamide at 0.1 mL/L). There was a 35-day uptake period and a
62-day depuration period, during which the fish appeared normal and healthy. Steady
state concentrations in the fish tissues were achieved after 31 days. The results from
this study showed that this substance had a steady state BCF of 436 and a kinetic BCF
of 834, in whole fish. These results show that this substance does not bioconcentrate
significantly in fish. It was noted that the measured concentrations of test substance
were substantially lower (39% to 67%) than the target concentrations, indicating that
sorption of the test substance may have been an issue.

Bioaccumulation modelling was performed for TPAE-1 representative structure 1 using
BCFBAF (2010). This substance has a predicted log Kow 0f 5.9 (Table 3-2). For a mid-
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trophic level fish, the BCF and BAF were estimated as 1015 and 2023 L/kg wet wt.,
respectively, indicating that this structure is predicted to have moderate bioaccumulation
(between 1000 and 5000 L/kg).

There is some uncertainty related to whether the BCF and BAF values for structure 1
may apply to some of the other ionized structures of TPAE-1. Some of the larger
structures of this substance, despite being ionized, are predicted to have low water
solubilities and high log D values, suggesting they may have bioaccumulative
properties.

No bioaccumulation testing was performed with TPAE-2, or the NSN analogues

1 and 2. However, the alkyl thiophosphate component of TPAE-2 has a measured Kow
less than 5 (Table 3-1). As well, this substance is ionizing, so is not expected to highly
bioaccumulate.

5.3.2 Bioaccumulation potential of long-chain aliphatic amines

A single experimental BCF study by Akzo Nobel (2006) with hexadecylamine in carp
(Cyprinus carpio) was found in which the whole-fish BCF value obtained in this
long-term (11 month) study (2400 L/kg) is considered a conservative whole-body
estimate (ECCC, HC 2021). There is also a study on the uptake and tissue distribution
of surfactants in rainbow trout, including C9 to C16 aliphatic amines (McLachlan 2018).
While the study duration was too short to determine steady-state BCFs, 7-day BCFs for
individual substances ranged from approximately 3 to 1000 L/kg ww, which are
consistent with BCFs predicted by others using the BIONIC model (McLachlan 2018).
Analogue data on monoalkyl trimethyl ammonium compounds (TMAC) were also
considered. A review on the bioaccumulation of surfactants by Krop and de Voogt
(2007) shows that TMAC (Monoalkyl trimethyl ammonium compounds), with alkyl
chains of C12 or less, have BCF values of approximately 100 L/kg or less in fresh
water, where these values were determined indirectly (Versteeg and Shorter 1991;
Schlechtriem et al. 2015). Schlechtriem et al. (2015) estimated the BCF for a C16-18
TMAC as 1960 L/kg using uptake and depuration rates from Versteeg and Shorter
(1991). Considering all of the available information, it was determined that long-chain
aliphatic amines do not have high bioaccumulation potential in aquatic organisms
(ECCC, HC 2021).

Table 5-2 summarizes the key data regarding the bioconcentration potential of the
TPAESs components in aquatic organisms.
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Table 5-2. Summary of empirical and modelled bioconcentration factors (BCFs,
L/kg) for components of TPAESs

Experimental BCE or
Substance Test organism concentration, BAF
duration or model (L/kg)
information g
Structure 1 of (gilggrzwr:{:%ﬂts 0.25 and 2.8 pg/L (35 days BCF =
TPAE-1 Y uptake, 62 day depuration) 834
myKiss)
, , , BCF =
Middle trophic level fish,
Structure 1 of NA BCFBAF (2012) model, 1015,
TPAE-1 . . . : BAF =
including biotransformation 2023
Hexadecylamine Carp BCF =
(C16) (Cyprinus carpio) 3 ug/L, 11 months 2400

Abbreviations: NA, not applicable

The measured, modelled and analogue data all indicate that the alkyl (di)thiophosphate
components of TPAEs have low potential for bioaccumulation. The experimental and
modelled data for long-chain aliphatic amines and their analogues show moderate
potential for bioaccumulation.

6. Potential to cause ecological harm

6.1 Ecological effects assessment

6.1.1 Mode/mechanism of action

The alkyl (di)thiophosphate components of the TPAES bear structural similarity to
certain thiophosphate, dithiophosphate, and organophosphate (OP) pesticides

(e.g., ethion, disulfoton, dimethoate). These pesticides act as neurotoxins by
deactivating the enzyme acetylcholinesterase (AChE) that hydrolyzes the
neurotransmitter acetylcholine (Sparling 2016). While very toxic to insects, most OPs
have moderate to low toxicity to birds and mammals, with fish tending to be more
sensitive than mammals (Sparling 2016).

However, the alkyl (di)thiophosphate and OP components of the TPAEs have significant
structural differences relative to these pesticide compounds, which introduces
uncertainty into whether they will also exhibit an AChE inhibition mode of action (MoA).
These differences include molecular weight, length of the alkyl chains as well as their
degree of branching, and ionization (i.e., the majority of the TPAES structures are
ionized whereas the pesticides are not), all of which could affect the potential for the
TPAES to interact with and inhibit AChE. Furthermore, the toxicity tests for the TPAEs
indicate a lower aquatic hazard profile relative to the most comparable
(di)thiophosphate pesticides (see Section 6.1.2), suggesting there may be differences in
MOoA, or at least in potencies. The profiles for ethion and dimethoate in the OECD
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QSAR Toolbox (2017) indicate that they have a mechanism of action related to covalent
binding, including protein binding related to skin sensitization, and DNA binding (SN2
nucleophilic substitution), and they were classified as having a specific MoA according
to the Verhaar classification scheme. In contrast, the alkyl (di)thiophosphate
components of TPAE-1 do not have alerts for protein binding, though they do for DNA
binding (SN2), and are also classified as having a specific MoA by Verhaar.

There is also uncertainty about the MoA of long-chain aliphatic amine components of
the TPAEs. While there is evidence to suggest that these substances have a
non-specific narcotic MoA, there is uncertainty as to whether this MoA could be
expected for all organisms, or whether some may be more susceptible to these
substances due to specific ionic interactions (ECCC, HC 2021).

In conclusion, there is uncertainty about the MoAs of both the alkyl (di)thiophosphate
and aliphatic amine components of the TPAEs. For the purpose of this assessment,
both of these components were considered to have MoAs with higher toxicity than
nonpolar narcosis.

6.1.2 Effects on aquatic organisms

Aquatic toxicity studies for TPAEs include acute fish studies for TPAE-1, and acute
Daphnia magna and algae studies for both TPAEs. Also available for TPAE-1 is a
chronic D. magna study. Robust study summaries are available for all of these studies
through ECHA (ECHA 2017, 2018a, 2019a), and they are briefly summarized in

Table 6-1. All studies mentioned above were conducted with water-accommodated
fractions (WAFs) of test substance, and all of the results were reported as nominal
loading rates. For TPAE-1, the studies did not include chemical analyses, except for the
acute D. magna study, which analyzed the total organic carbon (TOC) levels of the test
solutions. Tests with constituents A and B of TPAE-2 included chemical analyses of test
substance components, as discussed below.

Table 6-1. Summary of whole-substance aquatic toxicity studies with TPAEs

Substance Test organism Endpoint Value Reference
(mg/L)
Rainbow trout o Study
TPAE-1 (Oncorhynchus 96 h LLso (nominal) Submission
myKkiss) 2018
. Study
TPAE-1 _Fathead minnow 96 h LLso 85 | submission
(Pimephales promelas) (nominal) 2018
TPAE-2 (CAS Rainbow trout
RN 97808-07-6), (Oncorhynchus 96 h LLso (:(mﬁgl) 551:'32
constituent A myKiss)
Study
TPAE-1 Daphnia magna _ 48hELso 914 | o bmission
(immobilization) | (nominal) 2018

21




Value

Substance Test organism Endpoint (mg/L) Reference
Study
TPAE-1 Daphnia magna _ 21 dELso 091 | submission
(immobilization) | (nominal)
2018
Study
TPAE-1 Daphnia magna 21 d ELso 066 | 5\ pmission
(reproduction) | (nominal) 2018
TPAE-2, Daphnia maana 48 h ELso 0.071 ECHA
constituent A b 9 (immobilization) | (hominal) 2018a
TPAE-2, Daphnia maana 48 h ELso 31 ECHA
constituent B b 9 (immobilization) | (hominal) 2017
Algae Study
TPAE-1 (Selenastrum ( ng?tf Ir_gfe) (nor%”l?nal) Submission
capricornutum)? 9 2018
Algae Study
TPAE-1 (Selenastrum 72( ri]eillfo (no?ﬁ?nal) Submission
capricornutum)? y 2018
Algae
TPAE-2, (Pseudokirchneriella 72 h ELso 0.028 ECHA
constituent A ) a (growth rate) | (nominal) 2018a
subcapitata)
Algae 72 h ELso
TPAE-2, (Pseudokirchneriella (yield) 0.026 ECHA
constituent A ; a (nominal) 2018a
subcapitata)
Algae 72 h EL10
TPAE-2, (Pseudokirchneriella (yield) 0.022 ECHA
constituent A ) a (nominal) 2018a
subcapitata)
Algae
TPAE-2, ; . 72 h ELso 3 ECHA
constituent B (Pseudoklr_chnegella (growth rate) | (nominal) 2017
subcapitata)
Algae
Isr@i;iént B (Pseudokirchneriella 72( ri]elijlsm (no%r-\?nal) EZC(:)T?
subcapitata)? y

Abbreviations: ELx, loading rate of test substance resulting in a specified effect (e.g., immobilization,
growth) in X% of the test species exposed to the WAF; LLso, median lethal loading rate, loading rate of
the test substance that results in 50% mortality in a population of test organisms exposed to the WAF;
WAF, water-accommodated fraction, aqueous medium containing only the fraction of the substance that
is dissolved or present as a stable dispersion or emulsion.

aP. subcapitata and S. capricornutum are the same species.

For the acute D. magna study with TPAE-1, the test solutions were analyzed for TOC in
the fresh test solutions only. These analyses indicated that the 30.5 mg/L (nominal) test
solution contained only 3.8 times as much TOC as the 1 mg/L test solution (0.53 mg/L
TOC), and that the 99.5 mg/L test solution contained only 9.6 times as much TOC as
the 1 mg/L test solution (ECHA 2019b), indicating low levels of dissolution of test
substance in these WAF solutions relative to the 1 mg/L (nominal) test solution. In the
fathead minnow study with TPAE-1, it was noted that most of the solutions in these test




vessels were cloudy with surface films (Study Submission 2018), also indicating a low
level of test substance dissolution.

For TPAE-2, aquatic toxicity studies included chemical analyses performed by high
performance liquid chromatography with mass spectrometry (HPLC-MS)

(ECHA 2017, 2018a). The tests involving constituent A measured the concentration of
the unsaturated C18 amine, and the tests involving constituent B measured the
concentration of dibutylthiophosphoric acid (DBPA). These substances were measured
in the test solution at the beginning and end of the test periods (ECHA 2017, 2018a).
The C18 amine component was not stable during the assays; its concentration declined
during the acute semi-static fish test in fresh test preparations at 0 h and 72 h from
0.013 and 0.017 mg/L, respectively, to 0.0062 mg/L and 0.0085 mg/L at 24 h and 96 h,
respectively, representing declines of about 48% and 50%, over the course of a 24-h
period. During the static D. magna test, the C18 amine declined in concentration after
48 hours by about 94%, from 0.083 mg/L (nominal: 0.10 mg/L) to 0.005 mg/L. From a
measured concentration of 0.042 mg/L at O h, the concentration of the C18 amine
dropped below the limit of quantification of the analytical method (0.0019 mg/L). This is
not unexpected, as it is known that aliphatic amines can sorb to containers as well as to
biota (ECCC, HC 2021). Unlike the amine, the concentrations of DBPA appeared to be
stable over the test periods of 48 to 72 h in the static D. magna and algae studies where
this component was measured (ECHA 2017, 2018a).

Based on the analyses in the tests with TPAE-2, it is hypothesized that the aliphatic
amine components in the aquatic toxicity studies with TPAE-1 also declined greatly in
concentration during the tests, while the concentrations of the alkyl (di)thiophosphate
components were stable over time.

A comparison of the acute toxicity (ELso) of these substances shows that constituent A
of TPAE-2 is more toxic to D. magna by 3 orders of magnitude (0.071 mg/L) than
constituent B (31 mg/L) and TPAE-1 (91 mg/L). As with the D. magna studies,
constituent A was shown to have a toxicity to algae of about 2 orders of magnitude
greater than constituent B and TPAE-1. The differences in the toxicity of these
substances may be attributable to the differences in the toxicities of the aliphatic amine
components with differing chain lengths (C16/18 vs. C8; with increasing toxicity with
increasing chain length), but may also be attributable to experimental variation.

6.1.2.1 Analogue data

Ecotoxicity data were submitted for NSN analogue 2 under the New Substances
Notification Regulations, including acute data for fish and daphnia, and chronic data for
daphnia and algae. This alkyl dithiophosphate ester is structurally similar to some of the
representative structures of TPAE-1, despite differences in physical/chemical property
values (Section 3). Similar issues were reported for tests with this substance as for the
tests with the TPAES, as described above. A WAF protocol was used due to the low
aqueous solubility and complex nature of the test material, so results were reported as
nominal loading rates. The WAF solutions were filtered as the test media were observed
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to be cloudy white dispersions, with globules of test material at the bottom of the mixing
vessels, at the water surface and adhered to the sides of the mixing vessels at the end
of the 24-h mixing period. No chemical analyses were done for the toxicity studies, so
only nominal endpoint values were reported.

NSN analogue 2 was shown to have similar nominal whole-substance toxicity to
TPAE-1 for all of the organisms studied. In the tests involving O. mykiss, NSN
analogue 2 had a 96-h LLso value of 56 mg/L. In a chronic study with D. magna, the
21-d LLso values were 2.5 mg/L and 3.2 mg/L for reproduction and immobilization,
respectively. The acute daphnia 48-h ELso value was 15 mg/L. The 21-d D. magna
reproduction ELso was the most sensitive endpoint for both substances. With green
algae, the 72-h ECso value (biomass) was 5.1 mg/L.

6.1.2.2 Pesticide data

Toxicity data for the pesticides ethion and sulfotep, which have alkyl thiophosphate
ester structures similar to some of the representative structures of TPAE-1, were
compared with empirical whole-substance toxicity data for TPAEs. These two pesticides
are not registered for use in Canada (Health Canada 2019). Arthropods, such as
insects, or for aquatic organisms, crustaceans, such as daphnids, are expected to be
the most sensitive class of organisms for these pesticides. Daphnid data for ethion and
sulfotep were available from the ECOTOX (2000-2019) database. For each of these
substances, there were two acute studies with D. magna. Ethion 48 h ECso values were
4.6 x 10 and 5.6 x 10 mg/L, while sulfotep had 48 h ECso or LCso values of 2.3 x 103
and 2.5 x 10 mg/L. The acute D. magna values for the TPAEs were 7.1 x 102 mg/L for
TPAE-2 and 91.4 mg/L for TPAE-1. Given the differences in chemical structures of the
TPAESs and these two pesticides, the hazard data for these pesticides are considered in
the weight of evidence for hazard potential rather than used as direct read-across for
the TPAEs.

6.1.2.3 Modelled data

Modelling the toxicity of the alkyl (di)thiophosphate/organophosphate components of the
TPAEs was undertaken. However, the model results were ultimately not included in this
report due to uncertainties with the accuracy of the predictions. Toxicity modelling of
ionizing substances is generally problematic, as the available models are mainly
Kow-based (e.g., ECOSAR c2000-2016, AIEPS c2010-2012, CATALOGIC 2014), and
do not take into account the ionizing nature of the substances. In addition, the model
training sets were not suitable for the alkyl (di)thiophosphate components of the TPAESs.
TEST (2016) and AIEPS (c2010-2012) did not have substances similar to the alkyl
(di)thiophosphate components in the model training sets, and the training sets of
ECOSAR (c2000-2016) for the applicable substance classes, “esters, dithiophosphate”
and “esters, thiophosphate,” were based largely upon pesticide data, which as
discussed earlier, have uncertainty as to whether they are appropriate surrogate
substances for the TPAEs as they are considerably more toxic. CATALOGIC (2014)
was not able to produce toxicity estimates for the alkyl (di)thiophosphate components,
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predicting only that these substances have a mode of action more reactive than
baseline narcosis, so only “less than” values were produced.

There is a large data set of empirical data for long-chain aliphatic amines (ECCC, HC
2021), so modeling the toxicity of the aliphatic amine components was not necessary,
though these substances would also be difficult to model due to their ionizing and
surfactant properties. Therefore, models were not used to estimate the toxicity of the
components of the TPAEs.

6.1.2.4 Selection and standardization of critical toxicity values (CTVs) and
derivation of predicted no-effect concentrations (PNECS)

Two CTVs were selected for TPAESs: one for the alkyl (di)thiophosphate components
and one for the aliphatic amines components.

6.1.2.4.1 CTV and PNEC derivation for the thiophosphate components

Because of the lack of appropriate analogue or modelled data for the alkyl
(di)thiophosphate components, the CTV was based on the empirical whole-substance
toxicity data for TPAE-1 and TPAE-2. These data were considered as a group, since
TPAE-1 has components that contain either an alkyl dithiophosphate ester or an alkyl
thiophosphate ester (Table 2-2), and the structures of these substances are similar. The
most sensitive endpoint for these two substances is the 72 h algae EL1o for yield with
TPAE-2 of 0.022 mg/L (Table 6-1). The quality of this study was evaluated and it was
found to be acceptable.

To derive the PNEC for the alkyl (di)thiophosphate components, the CTV was divided
by an assessment factor (AF). AFs account for various extrapolations and sources of
uncertainty. An endpoint standardization factor (Fes) is considered for extrapolation from
a short-term (acute) to a long-term (chronic) time-frame, from lethal effects (i.e.,
mortality) to sublethal effects (e.g., growth, reproduction), and from median effect levels
(e.g., ECso) to low effect levels (e.g., EC10). The AF also accounts for the number of
species and organism categories that are represented in the toxicity dataset (species
variation factor; Fsv), and whether the substance has a mode of action that is more toxic
than baseline narcosis (mode of action factor, Fmoa). The final AF is derived by
multiplying the Fes, Fsv and the Fmoa. Since the CTV is a chronic study with a
low-effects sublethal endpoint, the Fes is equal to one. Since the mode of action for the
alkyl (di)thiophosphate components of the TPAES is suspected to be more toxic than
non-polar narcosis (Section 6.1.1), a Fmoa of 2 was applied to the CTV. This is a
relatively low Fwvoa, as the dataset includes what is considered to be the most sensitive
class of organisms for the AChE inhibition MoA, arthropods, such as insects, or for
aquatic organisms, crustaceans, such as daphnids. The combined aquatic toxicity data
sets for TPAE-1 and TPAE-2 include a total of four species, covering the three species
categories (plants, invertebrates and vertebrates), as previously described, which is a
moderately rich data set, therefore an Fsv of 2 was used. The overall AF of 4 (Fes % Fsv
x Fmoa = 1 x 2 x 2) was applied to the CTV of 22 ug/L, giving a PNEC of 5.5 pg/L.
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6.1.2.4.2 CTV and PNEC derivation for the aliphatic amine components

The CTV for the aliphatic amine components of the TPAEs was taken from the
assessment of aliphatic amines (ECCC, HC 2021). One aquatic CTV and PNEC was
used for all of the long chain aliphatic amines, based on the similar toxicity observed for
these substances (ECCC, HC 2021). Aquatic toxicity data for long chain aliphatic
amines were found for 11 species covering the three organism categories of fish,
invertebrates, and algae. The CTV is from an algae study with Desmodesmus
subspicatus with hexadecyldimethylamine (CAS 112-69-6), a tertiary amine with a C16
alkyl chain, which has an ECio for biomass of 0.43 pg/L (measured) (ECHA 2019d). To
convert this CTV to a PNEC value, the CTV was divided by the following factors: a Fes
of 1 as this endpoint is for a low effect value from a chronic study, a Fsv of 1 due to the
relatively large and complete toxicity dataset, and a mode of action factor (Fmoa) of 2, to
account for uncertainty in the mode of action of aliphatic amines (ECCC,

HC 2021), thus giving a PNEC of 0.22 pg/L.

6.1.3 Effects on sediment organisms

No sediment toxicity data (empirical or modelled) were available for the two TPAES, or
for the NSN analogue substances. Therefore, it was not possible to derive a sediment
PNEC for the alkyl (di)thiophosphate components of the TPAES. However, sediment
data were available for long-chain aliphatic amines.

Sediment toxicity data for long-chain aliphatic amines and long-chain quaternary
ammonium compounds (analogue substances) were available, including five chronic
studies covering three species: three studies with the nematode Caenorhabditis
elegans, one study with the midge Chironomus riparius, and one study with the worm
Lumbriculus variegatus. These studies are further described in ECCC, HC (2021). The
toxicities of long-chain aliphatic amines and analogue substances were found to be
similar. The most sensitive endpoint from an acceptable study was a nominal EC1o
value of 11 mg/kg dw for effects on reproduction and biomass with L. variegatus and the
long-chain aliphatic amine N-(Hydrogenated tallow)-1,3-diaminopropane (CAS RN
68603-64-5). The CTV represents a long-term, low-effect, and sub-lethal toxicity value;
therefore, no assessment factor is needed to account for acute-to-chronic extrapolation.
However, since the dataset represents only three species from one category of
organisms (invertebrates), an assessment factor of 20 is used to account for species
variation. In addition, an assessment factor of 2 is used to account for the uncertainty in
the mode of action of these substances. Thus, the CTV was divided by an overall
assessment factor of 40 to derive a PNEC of 0.275 mg/kg dw.

6.1.4 Effects on soil-dwelling organisms
No soil toxicity data (empirical or modelled) were available for the two TPAEs, or for the
NSN analogue substances. Therefore, it was not possible to derive a soil PNEC for the

alkyl (di)thiophosphate components of the TPAEs. However, soil toxicity data were
available for long-chain aliphatic amines.
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Soil toxicity data for aliphatic amines were available for six species from two categories
of organisms (primary producers and invertebrates), as described further in

ECCC, HC (2021). The most sensitive value was a 21-day EC2s value with C12-14
DMA? of 52 mg/kg for rapeseed (shoot length) (ECHA 2015), which was selected as the
CTV for PNEC derivation. Since the CTV represents an acute (short duration) exposure
for plants, an assessment factor of 5 was applied to extrapolate to a long-term (chronic)
value. Since a moderate amount of toxicity data are available, a species-variation factor
of 5 was used, in addition to a Fmoa of 2. An AF of 50 was applied to this value (Fes x
Fsv x Fmoa =5 % 5 x 2), giving a PNEC of 1 mg/kg dry wt. This PNEC will be used for
the aliphatic amines components of the TPAEs.

6.2 Ecological exposure assessment

Quantitative exposure scenarios were prepared only for TPAE-1, due to the much lower
usage quantity of TPAE-2 (Table 4-1). Also, TPAE-2 is not used in metalworking fluids.
The exposure/risk for TPAE-2 is qualitatively described in Section 6.3.1.

Exposure scenarios were prepared for: 1) formulation of lubricants, 2) use of
metalworking fluids, and 3) application of biosolids from WWTSs receiving wastewater
from industrial users of metalworking fluids.

An exposure scenario was not prepared for the use of TPAEs in other lubricants and
greases, as it was determined that there would be little to no environmental exposure
from this use, as these products get recycled or disposed of at waste facilities and are
therefore not discharged to the environment.

6.2.1 Measured concentrations in environmental media and wastewater

No data were found on environmental concentrations of TPAESs or aliphatic amines, in
Canada or elsewhere.

6.2.2 Calculation of predicted exposure concentrations (PECs) and general
assumptions

Exposure modelling of TPAE-1 was performed based on two representative structures
of this substance, structure 1 (neutral organic), representing the alkyl (di)thiophosphate
components of this substance, and the aliphatic amine component (ionizable)

(Table 2-2). The rationale for the choice of structure 1 is discussed in Section 3. The
aliphatic amine component was chosen as it is the counterion for every other major
structure in this substance (Section 2). Both of these structures were considered
individually for the WWTS modelling. Assumptions were made about the weight

7 The identity of this substance was uncertain, but was assumed to refer to a mixture of tertiary C12-14
dimethyl amines. More information about this is available in ECCC, HC (2021).
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percentages of these representative structures of TPAE-1, which were based on the
chemical analysis of a single sample of this substance, as described in Section 2.
Based on this analysis, it was assumed that the alkyl (di)thiophosphate ester
components, as represented by structure 1, account for roughly 75% by weight of this
substance, with the aliphatic amine component comprising the remaining 25% by
weight.

For both industrial scenarios described below, the model SimpleTreat 3.1 (2003) was
used to model the on-site secondary WWTS and gives a removal rate of 76% for
structure 1. For the aliphatic amine component, the WWTS removal rate of 96% was
based on empirical data for aliphatic amines (ECCC, HC 2021) and is assumed to
represent the combined primary and secondary removal rate. In addition, pre-treatment
from an on-site oil/water separator was also assumed, with a removal value of 50% for
TPAESs given their solubility and density (OECD 2011).

The aquatic PECs for the aliphatic amines were further adjusted to calculate the freely
dissolved fraction that will be bioavailable, in recognition that once released to surface
waters a fraction of the aliphatic amines will sorb to organic matter and not be
bioavailable. As described in the Aliphatic Amines Group assessment (ECCC, HC
2021), assuming a mean TOC concentration of 13.05 mg/L in Canadian surface waters,
the freely dissolved fraction for the C12-C14 aliphatic amine component of TPAE-1
would be 93.7%.

The exposure scenarios are briefly described below. More detail is available in ECCC
(2020).

6.2.3 Exposure scenario 1: lubricant formulation

Releases to the environment may occur during the blending of TPAEs with other
components to make lubricant products at industrial facilities. Companies that formulate
lubricant products are situated in various locations across Canada. Information on
lubricant formulation facilities in Canada, such as their blending capacities, maximum
potential use quantities, wastewater flows, discharge methods (direct or indirect),
on-site or off-site treatment systems and dilution factors for the receiving bodies of
water, were used to estimate their releases.

The scenario is based on the potential quantity handled at a Canadian facility. It is
assumed that the substance is used at a facility continually throughout the year. The
mass of TPAE-1 handled was provided by the importing companies (personal
communication, emails from industry stakeholders to Environment and Climate Change
Canada, February 2018; unreferenced). An emission factor of 0.25% was used for this
scenario based on OECD (2004), which considers substance releases to wastewater
from raw materials handling, blending, packaging, floor cleaning, and other processes.
The removal rate for an on-site oil/water separator (50%) was taken from OECD (2011).
The removal rate for a secondary WWTS (located on site or off site), as discussed
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above, was also used. A facility can discharge effluent directly to surface water or to a
WWTS and then to surface water.

Applying facility specific information and the above information, the highest aquatic
PECs for this scenario are 1.9 pg/L for structure 1 and 0.106 pg/L for the aliphatic
amine component. Adjusting to a freely dissolved concentration, the aliphatic amine
component PEC is 0.099 ug/L.

6.2.4 Exposure scenario 2: use in metalworking fluids

Use of TPAEs in metalworking fluids may occur in multiple facilities located across
Canada, ranging in operation size and location. Specific information on the users of
metalworking fluids containing TPAESs including use quantities are unknown. To develop
a PEC in surface water, the following parameter values were used: the volume of
metalworking fluids handled at a facility, the concentration of TPAE-1 in various
metalworking fluids, the emission factor for this substance released to wastewater, the
substance removal rates by a WWTS, the effluent flow, and the dilution factor from a
receiving water body.

This scenario considers a representative situation where an industrial facility uses
oil-based metalworking fluids and handles TPAE-1 continuously throughout the year.
The volume of metalworking fluids handled at the facility was taken from the U.S.
geometric mean value (OECD 2011). The concentration of TPAESs in oil-based
metalworking fluids varies from 5% to 20% (Brinksmeier et al. 2015); a concentration of
10% was used in this scenario. An emission factor of 11% was used, which considers
releases of the substance to wastewater from raw materials handling, residual oil
cleaning on metal surfaces, finishing, and other processes (OECD 2011). Average
removal rates were used for the on-site oil/water separator and for applicable secondary
treatment systems as most facilities discharge wastewater to a WWTS with secondary
treatment. In addition, the effluent from the WWTS is diluted by the receiving water
body. The daily dilution volume?® for the receiving water body was taken as the 10th
percentile from a distribution for industrial facilities potentially handling the substance in
metalworking fluids, which was based on industrial data taken from Canadian
government databases and on measured or calculated data on receiving water body
flows.

The above scenario resulted in aquatic PECs of 10.1 pg/L for structure 1 and 0.56 pg/L
for the aliphatic amine component. Adjusting to a freely dissolved concentration, the
aliphatic amine component PEC is 0.52 ug/L.

8 The daily dilution volume (L/d) is defined as the effluent flow of the WWTS or facility (L/d) discharging to
the environment multiplied by the dilution factor offered by the receiving water body. Unless otherwise
stated, the dilution factor is based on the 10th percentile low flow value of receiving water bodies and is
limited to a maximum of 10 near discharge points.
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6.2.5 Exposure scenario 3: Biosolids application

The soil PEC was calculated as an extension of the aquatic scenario for metalworking
fluids described above, as these facilities discharge their wastewater to an off-site
WWTS. Some lubricant blending facilities also discharge wastewater to off-site WWTSs;
however, the discharges are much less than from metalworking facilities, so this
biosolids application scenario is based on the aquatic PEC from the metalworking fluid
scenario. Biosolids produced from WWTSs may be applied to agricultural fields as a soil
amendment.

The amount of the aliphatic amine component of TPAE-1 accumulated within the top
20 cm of soil over 10 consecutive years of once-yearly biosolids application was
estimated using an approach described by ECHA (2016). This was based on the
guantity released to a WWTS from an industrial user. A soil PEC for structure 1 was not
developed due to the lack of empirical, analogue or modelled soil toxicity data needed
to derive a PNEC. A biodegradation half-life in soil of 96 days for the aliphatic amine
component was used based on biodegradation modelling performed with CATALOGIC
(2014), and the degradation was assumed to have first order kinetics. Concentrations
were determined on a yearly basis immediately after application and at the end of the
year (365 days) prior to the subsequent application, over a 10-year period. The
calculations assumed no losses of TPAEs via volatilization, leaching or run-off

(ECCC 2020).

Due to lack of information, it was assumed that all of the aliphatic amine component
removed within the WWTS would remain in sludge. The 10th percentile flow rate from
Canadian WWTSs with secondary treatment that receive wastewater from metalworking
facilities was used in the PEC calculation.

Following this approach, the soil PEC value for the aliphatic amine component is
1.20 mg/kg dry wt.

6.2.6 Sediment

As no sediment exposure data were available for the TPAEs, and only very limited data
were available for aliphatic amines (ECCC, HC 2021), PECs for sediment were not
derived for the components of TPAE-L1. It is not currently possible to model the
distribution of concentrations in sediment for the aliphatic amines and alkyl
(dthiophosphate components (as represented by structure 1), due to the unique
properties of surfactants and lack of field measurements. While sorption to sediment
particles is expected and there is potential for exposure to benthic organisms, there is
uncertainty about the level of exposure to sediment organisms and a need for
environmental sampling to quantitatively determine this. However, given the substance
properties (i.e., expected persistence of components of TPAEs in sediment and
expected partitioning of the neutral and large alkyl (di)thiophosphate components and of
the aliphatic amine components to sediment), as well as calculated concentrations in
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aquatic systems, it is expected that sediment organisms will likely be exposed to
TPAEs.

6.3 Characterization of ecological risk

The approach taken in this ecological screening assessment was to examine
assessment information and develop proposed conclusions using a weight-of-evidence
approach and precaution. Evidence was gathered to determine the potential for TPAEs
or their components to cause harm in the Canadian environment. Lines of evidence
considered include those evaluated in this assessment that support the characterization
of ecological risk in the Canadian environment. Secondary or indirect lines of evidence
are considered when available, including regulatory decisions and classification of
hazard or fate characteristics made by other regulatory agencies.

6.3.1 Risk quotient analysis

Risk quotient analyses for TPAE-1 were performed by comparing the various estimates
of exposure (Section 6.2) with ecotoxicity information (Section 6.1) to determine
whether there is potential for ecological harm in Canada. Risk quotients (RQs) were
calculated separately for two representative components of TPAE-1, the alkyl
(di)thiophosphate components, represented by structure 1 and a C12 tert-alkyl amine
structure, representing the aliphatic amine counterions. RQs were calculated by dividing
the PEC by the PNEC for relevant environmental compartments and associated
exposure scenarios, as shown in tables 6-2 and 6-3.

Table 6-2. Risk quotient (RQ) calculations for industrial exposure scenarios for
the alkyl (di)thiophosphate components of TPAE-12

Exposure scenario PEC PNEC RO
(compartment)

Lubricant

formulation (water) 1.9 ug/L 55 g/l 0.35
Metalworking fluids

(water) 10.1 pg/L 5.5 pg/L 1.8

Abbreviation: PEC, predicted exposure concentration; PNEC, predicted no-effect concentration; RQ, risk quotient
a PEC modelling used physical and chemical properties of Structure 1, while PNEC is based on whole-substance
toxicity data.

Table 6-3. Risk Quotient (RQ) calculations for industrial exposure scenarios for
the aliphatic amine components of TPAE-1

Exposure scenario PECS ONEC RO
(compartment)

Lubricant

formulation (water) 0.099 pg/L 0.22 pg/L 0.45
Metalworking fluids

(water) 0.52 ug/L 0.22 pg/L 2.4
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Exposure scenario
(compartment)

Metalworking fluids
(soil, from biosolids) 1.2 mg/kg d.wt. 1 mg/kg d.wt. | 1.2

Abbreviation: PEC, predicted exposure concentration; PNEC, predicted no-effect concentration; RQ, risk quotient
a8 The PEC values for the exposure scenarios for aliphatic amine components in water have been adjusted to freely
dissolved concentrations at a median TOC concentration.

PEC? PNEC RQ

The aquatic RQs are less than 1 for both representative structures for the lubricant
formulation scenario, and they are greater than 1 for both representative structures for
the metalworking fluids scenario (tables 6-2 and 6-3). As well, the soil RQ for the
aliphatic amine component is greater than 1 for the spreading of biosolids on land for
the metalworking scenario.

The usage quantity of TPAE-2 in Canada is at least 200 times lower than that of
TPAE-1 and TPAE-2 is not used in metalworking fluids (Section 4). It is therefore
expected that TPAE-2 would have RQs lower than 1 for its use in lubricant formulation.

6.3.2 Consideration of the lines of evidence

To characterize the ecological risk of TPAES, technical information for various lines of
evidence was considered (as discussed in the relevant sections of this report) and
gualitatively weighted. The key lines of evidence supporting the assessment conclusion
are presented in Table 6-4 with an overall discussion of the weight of evidence provided
in Section 6.3.3. The level of confidence refers to the combined influence of data quality
and variability, data gaps, causality, plausibility and any extrapolation required within the
line of evidence. The relevance refers to the impact the line of evidence has when
determining the potential to cause harm in the Canadian environment. Qualifiers used in
the analysis ranged from low to high, with the assigned weight having five possible
outcomes.

Table 6-4. Weighted lines of key evidence considered to determine the potential
for TPAESs to cause harm in the Canadian environment

Line of evidence Leve_l of a Relevance 'TJ Weight assigned®
confidence? | assessment

Similarity in chemical structure moderate high moderate to high
for read-across purposes
Environmental fate and

) o moderate moderate moderate
behaviour (ionic nature)
Persistence in the environment,
alkyl (di)thiophosphate and high high high
aliphatic amines components
Long-range transport moderate low low to moderate
Bioaccumulation in aquatic

) moderate moderate moderate
organisms, alkyl
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Level of Relevance in

Line of evidence . a b
confidence? | assessment

Weight assigned®

(di)thiophosphate and aliphatic
amines components

Mode of action, alkyl
(di)thiophosphate and aliphatic | moderate moderate moderate
amines components

PNEC for aquatic organisms,

alkyl (di)thiophosphate moderate high moderate to high
components

PNEC for aquatic organisms, high high high

aliphatic amines component

PNEC for SQ'I organisms, moderate high moderate to high
aliphatic amines component

Aquatic PECs moderate high moderate to high
Soil PEC moderate high moderate to high
RQs for water moderate high moderate to high
RQ for sall moderate high moderate to high

Abbreviation: PEC, predicted exposure concentration; PNEC, predicted no-effect concentration; RQ, risk quotient
a Level 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.

¢ Weight is assigned to each line of evidence according to the overall combined weights for level of confidence and
relevance in the assessment.

6.3.3 Weight of evidence for determining potential to cause harm to the
Canadian environment

The PNEC for the alkyl (di)thiophosphate and organophosphate components of TPAE-1
is based on whole-substance toxicity data for both TPAEs, while PNECs for the aliphatic
amine component of TPAE-1 are based on empirical data for long-chain aliphatic
amines. The whole-substance toxicity data endpoints are expressed as nominal loading
rates. It is not known what component(s) of the TPAEs are responsible for the toxicity
(e.g., aliphatic amine vs. alkyl (di)thiophosphate esters) giving only moderate
confidence in this PNEC. The aquatic PNEC for the aliphatic amines component of
TPAE-1 is based on a large empirical aquatic toxicity data set for aliphatic amines and

is therefore considered to be reliable. The soil toxicity data set for aliphatic amines is not
as large, thus giving only moderate confidence in the soil PNEC. Both the alkyl
(di)thiophosphate and aliphatic amine components have high chronic toxicity to aquatic
organisms, while the aliphatic amines have moderate to low chronic toxicity to soil
organisms. There are empirical data on the environmental fate and behaviour of
aliphatic amines in the environment (e.g., their strong sorption to environmental
matrices, empirical soil-water partition coefficient); however, no empirical data were
found on the environmental fate and behaviour of the alkyl (di)thiophosphate
components of the TPAEs (other than whole-substance biodegradation data). The
empirical and modelled biodegradation data indicate that TPAE-1 will persist in the
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environment long enough to cause chronic toxicity. In addition, TPAE-1 is released
continuously from industrial facilities.

Components of TPAEs are not considered to be persistent in air and are not released to
air; therefore, they do not undergo long-range atmospheric transport to remote regions.
TPAE-1 was found to be persistent in water due to its very slow biodegradation rate,
thus increasing the duration and spatial extent of exposure to organisms. TPAE-2 was
found to biodegrade much faster than TPAE-1, probably due to structural considerations
as discussed in Section 5.2, and therefore is not persistent. The TPAEs were not found
to be bioaccumulative based on empirical and modelled data for structure 1 of TPAE-1
and for aliphatic amines.

The reliability of aquatic PECs considers a number of factors, including the WWTS
removal rate, the usage quantity, the emission factor, and the daily dilution water
volume of the receiving environment. The WWTS removal rate for structure 1, as
modelled with SimpleTreat (2003), is considered to be moderately reliable. The
performance of SimpleTreat (2003) to model Kq (the solids-water partition coefficient)
has been verified with measured data for PAHs (ECCC study, unreferenced) and is
considered to be very reliable. However, this also depends on the reliability of the
physical/chemical property data of the modelled substance, which are only considered
to be moderate for structure 1, as they are based entirely on modelled, rather than
measured data. The WWTS removal rate for the aliphatic amines component is
considered to be reliable, as this is based on reliable empirical data. The industrial
usage volume data for the TPAESs for the lubricant formulation scenario are considered
to be reliable, as they were obtained directly from industry stakeholders, while the
usage quantity data for the metalworking scenario are based on an OECD (2011)
emission scenario document, representing generic practices. The daily dilution water
volume data are considered to be reliable, as they are based on industrial data taken
from Canadian government databases and on measured or calculated data on receiving
water body flows. The emission factors are estimates from generic sources (i.e., OECD
publications), rather than site-specific data. The above factors lead to the confidence in
the aquatic PECs being moderate.

The soil PEC was determined using a generic approach that uses the highest allowable
provincial biosolids application rate in Canada. The approach incorporates
biodegradation in soil, but no additional losses due to volatilization, leaching or runoff,
over a 10-year period. The soil PEC is also based on some of the same parameters as
the aquatic PECs such as physical/chemical properties, industrial usage volume, and
the industrial emissions factor. Therefore, the confidence in the soil PEC is also
moderate.

The risk quotients indicate that TPAE-1 has the potential to cause ecological harm to
aquatic and soil organisms in Canada, resulting from its use in metalworking fluids. The
formulation of lubricants containing TPAEs was not found to pose a risk to the
environment. Use of TPAESs in lubricants is not likely causing ecological harm in
Canada, as the majority of these products are recycled in dedicated facilities.
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Some components of TPAESs released to water are expected to partition to sediments
(e.g., aliphatic amines) and may accumulate over time, as they are expected to be
persistent in sediment. The industrial uses of TPAEs considered in the exposure
scenarios are assumed to result in continuous releases to the environment. Empirical
sediment toxicity data for aliphatic amines and their analogues indicate relatively low
chronic toxicity; however, information on the toxicity of the TPAEs (whole substance),
the alkyl (di)thiophosphate components or analogues through sediment exposure, as
well as information on the concentration of components of TPAES in sediments was not
available.

TPAE-1 has been given the following ecological hazard classification by the European
Chemicals Agency (ECHA): “toxic to aquatic life with long lasting effects” (ECHA
2018b). Constituent A of TPAE-2 has been given the following hazard classification by
ECHA: “This substance is very toxic to aquatic life, is toxic to aquatic life with long
lasting effects” (ECHA 2018e). Constituent B of TPAE-2 does not have hazard labelling
based on ecotoxicity, but does have hazard labelling for human health—related effects
(ECHA 2019e).

While current exposures of the Canadian environment to TPAE-2 are unlikely to be of
concern, TPAE-2 is considered to have a high level of hazard for aquatic organisms.
Therefore, there may be a concern for the Canadian environment should exposures
increase.

6.3.4 Sensitivity of conclusion to key uncertainties

Substances with ionizing and surfactant properties pose a challenge for risk
assessment because their physical-chemical properties and toxicities are difficult to
measure in empirical studies and also to model, which adds uncertainty to the
assessment conclusions. This challenge was addressed by modelling a non-ionizing
representative structure of TPAE-1 and considering only valid empirical studies for
TPAES, aliphatic amines and analogues. An additional source of uncertainty in the RQs
is that the PNEC for the alkyl (di)thiophosphate components of TPAE-1 is based on
whole-substance toxicity data, whereas the PEC was modelled based on the physical-
chemical properties of structure 1 only. Therefore, the PEC for the alkyl
(di)thiophosphate components is not representative of the full range of physical-
chemical properties present in this substance. The choice of structure 1 for PEC
modelling is considered to be a conservative choice due to its relatively high log Kow
value of 5.4 t0 5.9.

Although there is limited ecotoxicity data for the two TPAES, a large data set of
empirical toxicity data for the long-chain aliphatic amines (including analogue
substances) shows that components of TPAEs have high toxicity to aquatic and soll
organisms.

The exposure scenarios for the TPAEs were developed on the basis of information
obtained through CEPA section 71 surveys and follow-up with industrial stakeholders. In
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the absence of data, realistic assumptions were made in order to estimate PECs. For
the exposure scenarios, empirical data on the physical and chemical properties of the
components of the TPAESs, especially the alkyl (di)thiophosphate ester components, as
well as more specific data for industrial emission factors would have increased the
certainty in the PECs. However, this information would not likely have changed the risk
conclusion for these exposure scenarios given the low PNECs.

Some components of TPAESs released to water are expected to partition to sediments
and may accumulate over time, with some representative structures expected to be
persistent in sediment. A determination of risk to sediment organisms could not be
made due to the lack of information on environmental concentrations of TPAEs
components in sediment near points of effluent discharge, as well as a lack of
information on the toxicity of TPAEs components other than aliphatic amines to
sediment organisms. If this information had been available, it may have added
confidence to the lines of evidence which were used to arrive at the proposed
conclusion, but would not have resulted in a change to the overall conclusion.

7. Potential to cause harm to human health
7.1 Exposure assessment

TPAE-2 was included in the Rapid Screening of Substances with Limited General
Population Exposure document (ECCC, HC 2018). In this approach, the potential for
direct exposure was determined if a substance was present or used in a product used
by the general population. Subsequently, substances considered to have low potential
for direct exposure were assessed for their potential for indirect exposure. As a result of
this analysis, the potential for exposure of the general population to TPAE-2 was
considered to be negligible.

According to information submitted in response to a CEPA section 71 survey, there was
no reported manufacturing of TPAE-1 in Canada for the 2011 calendar year. The
reported use for this substance was manufacturing machinery; therefore, exposure of
the general population to the substance from this use is not expected (Environment
Canada 2013).

No measured data regarding concentrations of TPAE-1 in environmental media were
identified in Canada, or elsewhere.

Estimates of exposure to TPAE-1 through drinking water were based on the sum of the
aquatic PECs for both components (described in Table 6-2 and Table 6-3) associated
with environmental releases of this substance from metalworking facilities (see Section
6.2.4 for detailed discussion). The highest total daily intake (via drinking water
consumption) of TPAE-1 by the general population was 1.39 ug/kg bw/day (for infants
less than 6 months of age). Total daily intake for other age categories and parameters
for estimating exposure are described in Appendix B. Estimated exposures to TPAE-1
via drinking water consumption may be highly conservative as the PEC was derived to
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represent the concentration in the water close to the point of discharge, and potential
additional dilution and removal during drinking water treatment was not taken into
consideration when estimating exposure.

7.2 Health effects assessment

Data on the health effects of TPAE-1 were available from the submission under REACH
for EC Number 931-384-6 (ECHA 2007-2018a).

A short-term repeat-dose study was available for TPAE-1 (Unnamed study report
2002a). In the study, four groups of 10 female and 10 male CD Sprague-Dawley rats
were administered the substance via gavage daily for 28 days at doses of 0, 50, 150 or
500 mg/kg bw/day. Increases in absolute and relative adrenal and liver weights and
absolute heart weights were observed in the high-dose females. Histopathological
changes were observed in the mid- and high-dose groups, including effects on the
adrenal glands (increased cortical vacuolation and hypertrophy) and kidneys (increased
incidence of hyaline droplets). Neurobehavioural testing revealed decreased landing
foot splay in females at the mid- and high-dose levels. No treatment-related changes
were observed during the microscopic examination of the central nervous system.
Based on the effects observed in the mid-dose group, a NOAEL of 50 mg/kg bw/day
has been identified for this study.

Reproductive toxicity data from an OECD 421 screening test is available for TPAE-1. In
the study (Unnamed study report 2010), Wistar rats in groups including 10 males and
10 females each, were administered 0, 15, 150 or 750 mg/kg bw/day via gavage for up
to 56 days. Based on clinical observations observed in the high-dose animals, the dose
level was reduced to 500 mg/kg bw/day from Day 5 onwards; females treated at

750 mg/kg bw/day had occasional tremors prior to reduction in dose level to

500 mg/kg bw/day. Animals of both sexes in the high-dose group showed statistically
significant reduction in cumulative body weight gain in the final week of gestation. No
effects on body weight were observed at the mid or low dose in either females or males.
An increase in the incidence of hypertrophy/vacuolation of the interstitial glands of the
ovaries was observed in the high-dose females only, although this increase was not
found to be statistically significant. At the high-dose level there was a statistically
significant decrease in the live birth index. There were no statistically significant
increases in pre- and post-implantation losses observed, nor treatment-related effects
on conception rates. The study authors indicated that the substance showed adverse
reproductive effects only at maternally-toxic doses in this study. The study authors
reported the NOAEL to be 150 mg/kg bw/day. The authors also indicated that a NOEL
of 15 mg/kg bw/day was appropriate for reproductive and developmental toxicity based
on a LOEL of 150 mg/kg bw/day for non-statistically significant reproductive and
developmental effects (Unnamed study report 2010).

The substance was not found to be genotoxic based on available data for the substance
from ECHA 2007-2018a. The results were negative for in vitro Ames assays in five
strains of Salmonella typhimurium, with or without metabolic activation (Unnamed study
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report 1996). In addition, the substance was found to be non-mutagenic in the OECD
Test No. 476, In Vitro Mammalian Cell Gene Mutation test (Unnamed study report
2009). The available data also indicates that the substance is not genotoxic
(Chromosome aberration) in vivo, based on the results of a Mammalian Erythrocyte
Micronucleus Test (Unnamed study report 2002b).

7.3 Characterization of risk to human health

The exposure potential for TPAE-2 was evaluated in the Rapid Screening of
Substances with Limited General Population Exposure (ECCC, HC 2018). The
exposure potential for this substance was considered to be negligible and as a result,
this substance was found to be of low concern to human health.

The critical health effect endpoint for TPAE-1 was identified to be 50 mg/kg bw/day,
based on observed effects in the adrenal glands and potential neurotoxic and/or
behavioural effects from a short-term repeated dose study. Exposure to the general
population is possible from ingestion of drinking water containing the substance as a
result of industrial releases. Comparison of the critical effect level with the highest
estimated potential exposure (1.39 x 10 mg/kg bw/day for infants less than 6 months of
age) results in a margin of exposure of more than 35 000. Margins of exposure for other
age groups (not shown) are greater.

On the basis of the conservative parameters used in modelling human exposure to
TPAE-1 from potential environmental releases, the calculated margins are considered
adequate to address uncertainties in the health effects and exposure databases.

7.4 Uncertainties in evaluation of risk to human health
The key sources of uncertainty are presented in the table below.

Table 7-1. Sources of uncertainty in the risk characterization

Key source of uncertainty Impact
There is a lack of occurrence data for TPAE-1 in the Canadian +/-
environment; therefore, there is uncertainty surrounding the occurrence
and predicted environmental concentrations of this UVCB, as discussed
in Section 6.3.4

There is a lack of chronic toxicity data for TPAE-1 +/-
+/- = unknown potential to cause over or under estimation of risk.

8. Conclusion

Considering all available lines of evidence presented in this draft screening assessment,
there is risk of harm to the environment from TPAE-1. It is proposed to conclude that
TPAE-1 meets the criteria under paragraph 64(a) of CEPA as it is entering or may enter
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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. However, it is proposed to conclude that TPAE-1 does not meet the criteria
under paragraph 64(b) of CEPA as it is not entering the environment in a quantity or
concentration or under conditions that constitute or may constitute a danger to the
environment on which life depends.

Considering all available lines of evidence presented in this draft screening assessment,
there is low risk of harm to the environment from TPAE-2. It is proposed to conclude
that TPAE-2 does not meet the criteria under paragraphs 64(a) or (b) of CEPA as itis
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.

Considering all the information presented in this draft screening assessment, it is
proposed to conclude that TPAE-1 and TPAE-2 do not meet the criteria under
paragraph 64(c) of CEPA as they are not entering 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 TPAE-1 meets one or more of the criteria set
out in section 64 of CEPA and that TPAE-2 does not meet any of the criteria set out in
section 64 of CEPA.

It is also proposed that TPAE-1 meets 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. Physical and chemical properties of analogue
substances from New Substances Notification (NSN)

Program

Table A-1. Physical and chemical properties of NSN analogue substances

Property

NSN analogue 1

NSN analogue 2

Physical state
(20°C)

liquid

liquid

Melting point (°C)

-12 (pour point)

-20.2 (pour point)

(unitless)

Boiling point (°C 180 (initial) — 569 240

at 101.3 kPa) (final)

Vapour Pressure 2.95 @ 24°C 1.8 x 104
(Pa)

Relative Density 1.014 @ 15.6°C 1.02 @ 20°C

Water solubility
(mg/L)

70.1 @ 500 LR

P compt 838, S compt
938; amine compt
2140; @ 5500 LR

Water solubility
(mg/L)

729 @ 10,000 LR

MSDS: insoluble

Majority of 0.76
log Kow (dimen- components >6, minor
sionless) components 3.0, 4.2,
4.3
log Koc (dimen- 19-24 NA
sionless)
Notes:

The references for the analogue substances are confidential.
Abbreviations: compt., component; LR, loading rate; Kow, octanol-water partition coefficient; Koc, organic carbon-water

partition coefficient; P, phosphate; S, sulfur.
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Appendix B. Estimated daily intake from oral exposures of
humans to TPAE-1

Table B-1. Estimates of daily intake (ug/kg bw/day) of TPAE-1

. Drinkin
Age categories waterag
0 to 5 months? (formula fed)c 1.39
6 to 11 months? 0.89
1 yeare 0.35
2 to 3 years' 0.30
4 to 8 years? 0.24
9to 13 yearsh 0.19
14 to 18 years' 0.19
Greater than or equal to 19 years! 0.22

a  10.62 ug/L as reported as the sum of PECs for releases of TPAE-1 at industrial facilities, assuming a
10th percentile dilution value (see Section 6.2.4).

b Assumed to weigh 6.3 kg (Health Canada 2015). It is assumed that no soil ingestion occurs due to
typical caregiver practices.

¢ Exclusively for formula-fed infants, assumed to drink 0.826 L of water per day (Health Canada 2018),
where water is used to reconstitute formula. See footnote on drinking water for details.

4 Assumed to weigh 9.1 kg (Health Canada 2015), to drink O L of water per day (Health Canada 2017).
For breast milk-fed infants, assumed to consume 0.632 L of breast milk per day (Health Canada
2018). For formula-fed infants, assumed to drink 0.764 L of water per day (Health Canada 2018),
where water is used to reconstitute formula. See footnote (a) for drinking water details.

e Assumed to weigh 11.0 kg (Health Canada 2015), to drink 0.36 L of water per day (Health Canada
2017).

f Assumed to weigh 15 kg (Health Canada 2015), to drink 0.43 L of water per day (Health Canada
2017).

9 Assumed to weigh 23 kg (Health Canada 2015), to drink 0.53 L of water per day (Health Canada
2017).

h Assumed to weigh 42 kg (Health Canada 2015), to drink 0.74 L of water per day (Health Canada
2017).

i Assumed to weigh 62 kg (Health Canada 2015), to drink 1.09 L of water per day (Health Canada
2017).

i Assumed to weigh 74 kg (Health Canada 2015), to drink 1.53 L of water per day (Health Canada
2017).
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