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Synopsis

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA
1999), the Ministers of the Environment and of Health have conducted a screening
assessment on phenol, 2,4,6-tris(1,1-dimethylethyl)- (2,4,6-tri-tert-butylphenol),
Chemical Abstracts Service Registry Number 732-26-3. This substance was identified as
a high priority for screening assessment and included in the Ministerial Challenge
because it was found to meet the ecological categorization criteria for persistence,
bioaccumulation potential and inherent toxicity to non-human organisms and is known to
be in commerce in Canada.

The substance 2,4,6-tri-tert-butylphenol was not considered to be a high priority for
assessment of potential risks to human health, based upon application of the simple
exposure and hazard tools developed by Health Canada for categorization of substances
on the Domestic Substances List. Therefore, this assessment focuses on information
relevant to the evaluation of ecological risks.

The substance 2,4,6-tri-tert-butylphenol is an antioxidant which can be used as a fuel, oil,
gasoline or lubricant additive. The only use in Canada is as a fuel additive. The substance
is not naturally produced in the environment. Although it was not reported to be
manufactured in Canada above the reporting threshold, total imports were reported to be
in a quantity between 10 000 — 100 000 kg in the year 2000. Voluntary submissions
received in 2007 reported a quantity between 1 000 and 10 000 kg of this substance being
imported into Canada in the calendar year 2006. This substance was also reported to be
used below the reporting threshold. Quantities of 2,4,6-tri-tert-butylphenol imported into
Canada, along with its use as a fuel additive, indicate that this chemical may potentially
be released into the Canadian environment. Although the information gathered to date
indicates that the only current use of the substance is as a fuel additive, 2,4,6-tri-tert-
butylphenol has been used in the past in Canada as a lubricant additive, and this is a
recognized use for the substance elsewhere. As a result, the calculations used to make this
assumption for release include a minor use of the substance as a lubricant additive.

Based on certain assumptions and reported use patterns, most of 2,4,6-tri-tert-butylphenol
may be destroyed through the combustion of fuel/oil. Small proportions are estimated to
be released to water (0.3%), air (1.6%) and soil (0.1%). There is also a proportion
estimated to be transferred to waste disposal sites (4.8%). Given this substance’s physical
and chemical characteristics, it is expected to strongly adsorb to soil and sediment. This
substance is not likely to be metabolized (given its highly branched chemical structure)
and will have a tendency to partition to lipids (fat) of organisms because of its
hydrophobic nature.

Based on its physical and chemical properties, 2,4,6-tri-tert-butylphenol does not degrade
quickly in the environment; it is expected to be persistent in water, soil and sediments.
Empirical and modelled data indicate that this substance also has the potential to
accumulate in organisms and may biomagnify in trophic food chains. The substance has
been determined to meet the persistence and bioaccumulation criteria as set out in the



Screening Assessment CAS RN 732-26-3

Persistence and Bioaccumulation Regulations. In addition, acute aquatic toxicity values
suggest that the substance is highly hazardous to aquatic organisms.

Given that long-term risks associated with persistent and bioaccumulative substances
cannot at present be reliably predicted, quantitative risk estimates have limited relevance.
A conservative response to uncertainty is justified based upon the bioaccumulative and
persistent nature of this substance.

In addition and where relevant, research and monitoring will support verification of

assumptions used during the screening assessment.

Based on the information available, it is proposed that 2,4,6-tri-tert-butylphenol meets
one or more of the criteria set out in section 64 of CEPA 1999.
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Introduction

The Canadian Environmental Protection Act, 1999 (CEPA 1999) (Canada 1999) requires
the Minister of the Environment and the Minister of Health to conduct screening
assessments of substances that have met the categorization criteria set out in the Act to
determine whether these substances present or may present a risk to the environment or
human health. Based on the results of a screening assessment, the Ministers can propose
to take no further action with respect to the substance, to add the substance to the Priority
Substances List (PSL) for further assessment, or to recommend that the substance be
added to the List of Toxic Substances in Schedule 1 of the Act and, where applicable, the
implementation of virtual elimination.

Based on the information obtained through the categorization process, the Ministers
identified a number of substances as high priorities for action. These include substances
that

e met all of the ecological categorization criteria, including persistence (P),
bioaccumulation potential (B) and inherent toxicity to aquatic organisms (iT), and
were believed to be in commerce in Canada; and/or

e met the categorization criteria for greatest potential for exposure (GPE) or
presented an intermediate potential for exposure (IPE), and had been identified as
posing a high hazard to human health based on classifications by other national or
international agencies for carcinogenicity, genotoxicity, developmental toxicity or
reproductive toxicity.

The Ministers therefore published a notice of intent in the Canada Gazette, Part I, on
December 9, 2006 (Canada 2006), that challenged industry and other interested
stakeholders to submit, within specified timelines, specific information that may be used
to inform risk assessment, and to develop and benchmark best practices for the risk
management and product stewardship of those substances identified as high priorities.

The substance 2,4,6-tri-tert-butylphenol was identified as a high priority for assessment
of ecological risk as it was found to be persistent, bioaccumulative and inherently toxic to
aquatic organisms and is believed to be in commerce in Canada. The Challenge for this
substance was published in the Canada Gazette on May 12, 2007 (Canada 2007). A
substance profile was released at the same time. The substance profile presented the
technical information available prior to December 2005 that formed the basis for
categorization of this substance. As a result of the Challenge, and the survey notice
issued on November 17, 2001 (Canada 2001), several submissions of information were
received for this substance pertaining to the manufacture, import, use, and release of this
substance in Canada.

Although 2.4,6-tri-tert-butylphenol was determined to be a high priority for assessment
with respect to the environment, it did not meet the criteria for high hazard to human
health based on the application of simple exposure and hazard tools developed by Health
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Canada for categorization of substances on the DSL. Therefore, this assessment focuses
principally on information relevant to the evaluation of ecological risks.

Under CEPA 1999, screening assessments focus on information critical to determining
whether a substance meets the criteria for defining a chemical as toxic as set out in
section 64 of the Act, where

“64. [...] a substance is toxic if it is entering or may enter the environment in a quantity or
concentration or under conditions that
(a) have or may have an immediate or long-term harmful effect on the environment or its
biological diversity;
(b) constitute or may constitute a danger to the environment on which life depends; or
(c) constitute or may constitute a danger in Canada to human life or health.”

Screening assessments examine scientific information and develop conclusions by
incorporating a weight of evidence approach and precaution.

This screening assessment includes consideration of information on chemical properties,
hazards, uses and exposure, including the additional information submitted under the
Challenge. Data relevant to the screening assessment of this substance were identified in
original literature, review and assessment documents, stakeholder research reports and
from recent literature searches, up to October 2007 for the ecological sections of the
document. Key studies were critically evaluated; modelling results may have been used
to reach conclusions. When available and relevant, information presented in hazard
assessment from other jurisdictions was considered. The screening assessment does not
represent an exhaustive or critical review of all available data. Rather, it presents the most
critical studies and lines of evidence pertinent to the conclusion.

This screening assessment was prepared by staff in the Existing Substances Programs at
Environment Canada and incorporates input from other programs within the department
and at Health Canada . Additionally, the draft of this screening assessment was subject to
a 60-day public comment period. The critical information and considerations upon which
the assessment is based are summarized below.
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Substance Identity

For the purposes of this document, this substance will be referred to as 2,4,6-tri-tert-

butylphenol, which has been derived from the Philippine Inventory of Chemicals and

Chemical Substances (PICCS) inventory name.

Table 1. Substance identity.

Chemical Abstracts Service
Registry Number (CAS RN)

732-26-3

Name on Domestic
Substances List (DSL)

Phenol, 2,4,6-tris(1,1-dimethylethyl)-

Inventory names'

Phenol, 2,4,6-tris(1,1-dimethylethyl)- (TSCA, ENCS, AICS, PICCS,
ASIA-PAC)

2,4,6-Tri-tert-butylphenol (DSL, EINECS, PICCS)
2,4,6-Tris(1,1-dimethylethyl)phenol (ECL)

2,4,6-TRI-TERT-BUTYL PHENOL (PICCS)

Other names

2,4,6-Tri-t-butylphenol; 2,4,6-Tri-tert-butyl-1-hydroxybenzene;
2,4,6-Tris(tert-butyl)phenol; Alkofen B; NSC 14459; P 23; P 23
(phenol); Phenol, 2,4,6-tri(1,1-dimethylethyl)-; Phenol, 2,4,6-tri-
tert-butyl-; TM 02; Tri-tert-butylphenol; Voidox

Chemical group
(DSL Stream)

Discrete organics

Major chemical class or use | Phenols
Major chemical sub-class Alkylphenols
Chemical formula CisH300

Chemical structure

\

H

/’ .

Simplified Molecular Input
Line Entry System
(SMILES)

Oc(c(ec(c1)C(C)(C)C)C(C)(C)C)e1C(C)(C)C

Molecular mass

262.44 g/mol

" National Chemical Inventories (NCI). 2006: AICS (Australian Inventory of Chemical Substances); ASIA-PAC (Asia-Pacific
Substances Lists); ECL (Korean Existing Chemicals List); EINECS (European Inventory of Existing Commercial Chemical
Substances); ENCS (Japanese Existing and New Chemical Substances); PICCS (Philippine Inventory of Chemicals and
Chemical Substances); and TSCA (Toxic Substances Control Act Chemical Substance Inventory).
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Physical and Chemical Properties

Table 2 contains experimental and modelled physical and chemical properties of 2,4,6-
tri-tert-butylphenol that are relevant to its environmental fate.

Table 2. Physical and chemical properties for 2,4,6-tri-tert-butylphenol.

dimensionless)

Property Type Value® Temperature | Reference
¢C)

Melting point Experimental 131 -- PhysProp 2006
°C)

Modelled 104.33 -- MPBPWIN 2000
Boiling point Experimental 278 -- PhysProp 2006
°C)

Modelled 324.5 -- MPBPWIN 2000
Density (kg/m®) No information available
Vapour pressure | Modelled 0.03 25 MPBPWIN 2000
(Pa) (2E-04 mm Hg)
Henry’s Law Modelled 0.70-0.98 25 HENRYWIN
constant ([6.9-9.7] x10° 2000
(Pa-m*/mol) atm-m3/mole)
log Ko (Octanol- | Experimental 6.06 -- MITI 1992
water partition
coefficient; Modelled 6.39 - KOWWIN 2000
dimensionless)
Log Ko Modelled 5.01-5.12 -- PCKOCWIN
(Organic carbon- 2000
water partition
coefficient;
dimensionless)
Water solubility Experimental 35 15-25 MITI 1992
(mg/L)

Modelled 0.512 25 WSKOWWIN

2000

Other solubilities | No information available
(9/L)
pK, (Acid Experimental 12.2 25 Serjeant &
dissociation Dempsey 1979
constant;

'If different, values in brackets represent the original values as reported by the authors or as estimated by

the models.
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Sources

The substance 2,4,6-tri-tert-butylphenol is not naturally produced in the environment.

Information was voluntarily submitted for this substance as part of the Challenge for the
calendar year 2006 (Environment Canada 2007a). This information indicated that fewer
than ten companies imported a combined total of between 1000—10 000 kg of this
substance into Canada in the year 2006, whether alone, in a product, in a mixture or in a
manufactured item. In addition, less than ten companies reported using 2,4,6-tri-tert-
butylphenol (whether alone, in a product, in a mixture or in a manufactured item) in a
quantity below the prescribed threshold (that is, in a quantity greater than or equal to
1000 kg at a concentration greater than 50%, or in a quantity greater than or equal to

10 000 kg at any concentration). There were no reports voluntarily received on the
manufacture of 2,4,6-tri-tert-butylphenol in Canada. Fewer than ten companies indicated
stakeholder interest in this substance.

As aresult of a survey conducted under section 71 of CEPA 1999 for the year 2000
(Canada 2001), it was determined that the substance 2,4,6-tri-tert-butylphenol was not
manufactured in Canada in the year 2000 in a quantity meeting the 100 kg reporting
threshold (Environment Canada 2001). Less than ten companies reported importing a
total of between 10 000 and 100 000 kg of 2,4,6-tri-tert-butylphenol into Canada in 2000.
The survey did not require companies to report whether low concentration products (at a
concentration less than 1% w/w) were manufactured or imported into Canada.

The quantity reported to be manufactured, imported or in commerce in Canada during the
calendar year 1986 was between 1 000 000 and 10 000 000 kg (Environment Canada
1988). There were fewer than four notifiers for the calendar years 1984 to1986.
Compared with the survey conducted in 2001, there appears to be a decreasing trend in
the quantity of this substance either manufactured, imported or in commerce during this
time.

Elsewhere, 2,4,6-tri-tert-butylphenol has been identified as a High Production Volume
(HPV) chemical under the United States Environmental Protection Agency’s HPV
Challenge Program (U.S. EPA 2007a,b) and is included on the OECD’s list of HPV
chemicals (OECD 2004a). This substance is included on the Oslo-Paris (OSPAR)
Commission’s list of chemicals for priority action (OSPAR 2007; ICES 2007), but is
considered a low production volume chemical (OSPAR 2006). Information provided by
OSPAR Contracting Parties indicated possible uses at 33 tonnes in Denmark and 1 tonne
in Norway (OSPAR 2006). The Swedish Product Register included 19 registrations of
products containing 2,4,6-tri-tert-butylphenol, which corresponded to a use of 1 tonne in
2001 (OSPAR 2006).
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Uses

Information submitted in response to the section 71 survey notice (Canada 2001;
Environment Canada 2001) and information voluntarily submitted in response to the
Challenge (Environment Canada 2007a) indicates that 2,4,6-tri-tert-butylphenol is
currently used in Canada as a fuel, oil, gasoline additive. However, the information
gathered to date indicates that the only known use of the substance is as a fuel additive.

The use pattern codes and corresponding applications noted by companies for the 2001
survey included:

e 1 - destructive uses: this application includes, but is not limited to, feedstock,
fuels (e.g., gasoline, kerosene, gas oil, fuel oil, petroleum gas, non-mineral oil,
etc.), fuel additives (e.g., anti-fouling agents, antiknock agents, deposit
modifiers, fuel oxidizers, etc.), chemical intermediates (e.g., monomers,
prepolymers, etc.); and

e 4 - dispersive uses where the substance is released into the environment or is
used in the environment: this application includes, but is not limited to,
pesticides, fertilizers, salt for de-icing, solvents, cutting fluids, aerosol
propellants, hydraulic fluids, lubricants and additives, cleaning/washing
agents and additives (e.g., detergents, soaps, dry-cleaning solvents, optical
brighteners in detergents, etc.), plant protection products, agricultural
products, explosives (e.g., blasting agents, detonators, incendiaries, etc.).

The use pattern codes and corresponding applications noted by companies for the 2007
survey included:

e 09 - antioxidant, corrosion inhibitor, tarnish inhibitor, scavenger, antiscaling
agent; and
e 25 - fuel, fuel additive.

Information on the use of 2,4,6-tri-tert-butylphenol that was received from the section 71
survey notice (Environment Canada 2001) indicates that all of this substance was
reported for use in Canada as a fuel and oil/lubricant additive in the year 2000. It was also
stated in the section 71 that 2,4,6-tri-tert-butylphenol is used as a lubricant additive.
However, it was later confirmed that the only known use of this substance in Canada is as
a fuel additive, and it does not seem to be currently used as a lubricant additive in
Canada. Use codes were reported for both destructive uses and dispersive uses (where the
substance is released into the environment or is used in the environment). Given these
uses, the substance may be destroyed (i.e., through the combustion of fuel and oil) or
released to the environment or used in the environment.

There is some uncertainty about the current use pattern of 2,4,6-tri-tert-butylphenol
within the European Union (EU). Five possible applications have been identified in the
EU (OSPAR 2006), including: as a chemical intermediate in the production of
antioxidants used in rubber and plastic, as a lubricating agent in the transport sector, as a
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by-product in the production of 4-tert-butylphenol, as an additive for gasoline and fuel oil
distillate, and use in the offshore sector.

Importation, manufacture and use of substance 2,4,6-tri—tert—butylphenol is banned in
Japan (NITE 2007).

Releases to the Environment

The substance 2,4,6-tri-tert-butylphenol is not reported to be naturally produced in the
environment. In response to a section 71 notice (Environment Canada 2001), fewer than
ten companies importing 2,4,6-tri-tert-butylphenol reported a release of the substance in
the year 2000, corresponding to 20 kg of the substance released to air (based on estimates
of vapour losses). The section 71 survey did not gather release information from users of
the substance and because of the use of the chemical as a fuel and oil/lubricant additive, it
is possible that environmental releases to the environment (as reported above) were
underestimated in the 2001 survey.

As a result of the Challenge, several voluntary submissions were received for 2,4,6-tri-
tert-butylphenol (Canada 2007, Environment Canada 2007a). Fewer than ten companies
reported release of this substance (whether alone, in a product, in a mixture or in a
manufactured item) and fewer than ten companies reported transferring the substance to
an off-site waste-management facility (including the substance contained in a mixture, in
a product or in a manufactured item) for the 2006 calendar year. It should be noted that
companies were requested to round figures to the nearest kilogram, and in the above
instances, the releases or transfers are considered to be each less than 0.5 kg of the
substance.

Given the uses of this substance noted earlier, the substance may be destroyed through
the combustion of fuel. Other uses (that are non-destructive) may result in the release of
this substance into the Canadian environment from sources such as the transport and use
of gasoline for home uses or recreational activities. Incidental spills with respect to
recreational activities (e.g., boating) may result in the substance being dispersed if
released into the water compartment. However, given the substance’s low Henry’s Law
constant and its high sorptive capacity, releases to the environment would likely result in
partitioning to soil and sediments. The disposal of consumer and industrial products
containing 2,4,6-tri-tert-butylphenol may also lead to the transfer of this substance to
landfills. The compartments to which this substance may be released include air, soil and
water.

10
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Mass Flow Tool (MFT)

To estimate potential releases of the substance to the environment at different stages of its
life cycle, a Mass Flow Tool was developed (Environment Canada 2007b). Empirical
data concerning releases of specific substances to the environment are seldom available.
Therefore, for each identified type of use of the substance, the proportion and quantity of
release to the different environmental media are estimated, as is the proportion of the
substance chemically transformed or sent for waste disposal. Unless specific information
on the rate or potential for release of the substance from landfills and incinerators is
available, the Mass Flow Tool does not quantitatively account for releases to the
environment from disposal.

Assumptions and input parameters used in making the release estimates are based on
information obtained from a variety of sources including responses to regulatory surveys,
Statistics Canada, manufacturers’ websites and technical databases and documents. Of
particular relevance are emission factors, which are generally expressed as the fraction of
a substance released to the environment, particularly during its manufacture, processing,
and use associated with industrial processes. Sources of such information include
emission scenario documents, often developed under the auspices of the Organization for
Economic Cooperation and Development (OECD), and default assumptions used by
different international chemical regulatory agencies. It is noted that the level of
uncertainty in the mass of substance and quantity released to the environment generally
increases toward the end of its life-cycle.

Table 3. Estimated releases and losses of 2,4,6-tri-tert-butylphenol to environmental
media, chemical transformation and transfer to waste disposal sites, based
on the Mass Flow Tool.

Fate Proportion of the Major life cycle stage
mass (%) involved?
Released to receiving media:
To soil 0.1 Consumer use
To air 1.6 Formulation and Consumer use
To sewer 0.3 Formulation
Chemically transformed 93.2 Consumer use (e.g., fuel
combustion)
Transferred to waste 4.8 Waste disposal

disposal sites (e.g., landfill,
incineration)

"For 2,4,6-tri-tert-butylphenol, information from the following OECD emission scenario documents was used to estimate releases to
the environment and the distribution of the substance as summarized in this table: Canada 2003, OECD 2004b, NGGIC

2006. Values presented for release to environmental media do not account for possible mitigation measures that may be in place in
some locations (e.g., partial removal by sewage treatment plants). Specific assumptions used in the derivation of these estimates are
summarized in Environment Canada 2008a.

2 Applicable stage(s): production-formulation-industrial use-consumer use-service life of article/product-waste disposal.

? Wastewater before any form of treatment

Results predict that 2,4,6-tri-tert-butylphenol releases to soil, air, and water (totalling 2%)
may occur during the processing, distribution and use of this substance as a fuel additive,

11
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oil and possibly as an oil/lubricant additive. The main loss is predicted to be
transformation (93.2%) associated with fuel/oil combustion. A proportion (4.8%) is also
estimated to be transferred to waste disposal sites (e.g., a landfill) as a result of this
substance’s possible use as an oil/lubricant and possible use as a lubricant additive (i.e.,
packaging wastes, used oil).

When using this tool, the assumption is made that this substance behaves similarly to
gasoline when used as a fuel additive. Based on existing regulations (Canada 2003) and a
worst-case scenario, it is assumed that loss by transformation during combustion is
99.6%. The above estimates take into account possible releases related to bag handling
and blending processes. Since additives are processed with gasoline at the refinery before
filling up road tankers for regional distribution, it is assumed that there are no releases
during this stage. Accidental spills have not been considered during tanker transport of
gasoline.

The estimated releases and losses predicted using this tool do not take into account
transport and home uses of gasoline (e.g., lawn mowers, generators) or recreational
activities (e.g., boats). These uses may result in incidental releases of this substance into
various environmental media. In addition, releases at the gas station are expected to
occur, including fugitive emissions and accidental spills at the pump with potential runoff
into sewers. It should be noted that although the information gathered to date indicates
that the only current use of the substance is as a fuel additive, and this is a recognized use
for the substance elsewhere. Therefore, this potential minor use has been included in the
calculations to estimate potential releases and losses.

As a result of the above releases and losses predicted by the Mass Flow Tool and the
section 71 data discussed previously, it is estimated that a portion (2%) of the 2,4,6-tri-
tert-butylphenol that is in commerce in Canada is being released to the environment.

Environmental Fate

Based on its physical-chemical properties (Table 2) and the results of the Equilibrium
Criterion (EQC) model (EQC 2003; Table 4), 2,4,6-tri-tert-butylphenol is expected to
partition predominantly to soil and sediment.

Table 4. Results of the Equilibrium Criterion model (EQC 2003).

Percentage of substance partitioning into
each compartment

Substance released to: Air Water Soil Sediment
Air (100%) 0 0 100 0
Water (100%) 0 2 4 94
Soil (100%) 0 0 100 0

12
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The relatively high acid dissociation constant (pK,) of 12.2 indicates that half of the
chemical will be dissociated at pH 12.2. In water bodies at environmentally relevant pH
(6-9), 100% will be undissociated. This indicates that the partitioning of 2,4,6-tri-tert-
butylphenol is by passive diffusion of the neutral chemical into organic materials
including the lipid phases of organisms, and that little partitioning will occur through
other sorption mechanisms. The relatively low proportion of dissociated chemical also
indicates that partitioning behaviour predicted on the basis of the log K,y and log K.
values are likely to be relevant.

A vapour pressure of 0.03 Pa (i.e., moderate to low volatility) and a low Henry’s Law
constant of 0.7-0.98 Pa-m’/mol indicate that this substance is not likely to remain in air
(0%). This substance is predicted to be rapidly oxidized in air, as indicated by an
atmospheric oxidation half-life of 0.67 days (Table 5b). Due to its high sorptive capacity,
2,4,6-tri-tert-butylphenol will partition to solid media, as illustrated in Table 4.

When 2,4,6-tri-tert-butylphenol is released into water, it is expected to strongly adsorb to
suspended solids and sediment based upon its estimated Log K, value of 5.01-5.12.
Volatilization from water surfaces is expected to be an unimportant fate process based
upon this compound's estimated Henry's Law constant. Thus, if water is a receiving
medium, 2,4,6-tri-tert-butylphenol is expected to mainly partition into sediment and, to a
small extent, remain in water (Table 4).

If released to soil, 2,4,6-tri-tert-butylphenol is expected to have high adsorptivity to soil
(i.e., it is expected to be immobile) based upon its estimated log K,.. Volatilization from
moist soil surfaces would be an unimportant fate process. This substance is practically
non-biodegradable according to the Japanese MITI test (MITI 1992). Therefore, if
released to soil, 2,4,6-tri-tert-butylphenol will remain in this environmental compartment
(Table 4).

Persistence and Bioaccumulation Potential

Environmental Persistence

The EQC model indicates partitioning of 2,4,6-tri-tert-butylphenol into soil and sediment
(see Table 4 above). Once released into the environment, 2,4,6-tri-tert-butylphenol
appears to be persistent in the environment, mainly in water, soil, and sediment (Tables
Sa and 5b).

Table 5a presents the empirical biodegradation data (MITI 1992) that show 0%
biodegradation over 28 days in a ready-biodegradation test for 2,4,6-tri-tert-butylphenol.
This test indicates that the half-life in water is longer than 182 days (6 months) and that
the substance is considered to persist in that environmental compartment. This result is
consistent with what would be expected for the substance given its highly branched
chemical structure (hindered phenol).

13
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Table 5a. Empirical data for persistence of 2,4,6-tri-tert-butylphenol.

Medium Fate process Deg\::ﬁ] ‘:ﬂon Endpoint/units Reference
Water Biodegradation 0 Biodegradation, % MITI 1992

Since few experimental data on the degradation of 2,4,6-tri-tert-butylphenol are
available, a QSAR-based weight-of-evidence approach (Environment Canada 2007c) was
also applied using the degradation models shown in Table 5b below.

Table 5b. Modelled data for persistence of 2,4,6-tri-tert-butylphenol.

Degradation

Degradation

Medium Fate process . Reference
value endpoint
Air Atmospheric 0.6684 Half-life (days) | AOTWIN2000
oxidation
Air Ozone reaction Not reactive Half-life (days) AOPWIN 2000
. . . BIOWIN 2000,
Water Biodegradation 60 Half-life (days) Ultimate survey
. . . BIOWIN 2000,
Water Biodegradation 0.0497 Probability MITI Non-linear Probability
. . o BIOWIN 2000,
Water Biodegradation 0.2186 Probability MITI Linear Probability
Water Biodegradation 0.002 Probability TOPKAT 2004
BOD MITI 301C CATABOL C2004-2008;
Water Biodegradation 1.4 (in all domains of CPOPs 2008;
applicability) (%) Jaworska et al. 2002
Water Hydrolysis n/a' Half-life (days) HYDROWIN 2000
. . . . Based on the
Soil Biodegradation > 182 days Half-life (days) half-life in water®
. . . . Based on the
Sediment | Biodegradation > 728 days Half-life (days) halflife in water’

" The result is n/a (not available) as a hydrolysis rate could not be estimated for this type of compound
using the HYDROWIN model. Based on the chemical structure, this substance would not be expected to

undergo hydrolysis in the environment (i.e., no hydrolysable groups present).

? Values were derived from the empirical half-life in water > 182 days using the extrapolation factors of
BOCthliIlg et al. (1995) t1/2 water - £1/2 soil : t1/2 sediment = 1:1:4.

In air, a predicted atmospheric oxidation half-life value of 0.67 days (Table 5b)
demonstrates that this chemical is likely to be rapidly oxidized. The compound is not
expected to react with other photo-oxidative species in the atmosphere, such as Os.
Therefore, it is expected that reactions with hydroxyl radicals will be the most important
fate process in the atmosphere for 2,4,6-tri-tert-butylphenol. With a half-life of 0.67 days
via reactions with hydroxyl radicals, 2,4,6-tri-tert-butylphenol is considered not persistent

1n air.

Although the predicted half-life of 2,4,6-tri-tert-butylphenol in water is 60 days, the
overall conclusion from the BIOWIN model based on weighting of the survey and
probability sub-models was “not readily biodegradable” (Table 5b). Furthermore results

14
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for two other models (TOPKAT and CATABOL) indicate that biodegradation is likely to
be slow. The empirical biodegradation data (MITI 1992; Table 5a), which is considered a
more reliable result, confirms the latter predictions. Therefore, the half-life of this
substance in water is likely longer than 182 days. Thus, this substance is considered to be
persistent in this environmental compartment.

The weight of evidence based on the empirical and modelled data described above
indicates that 2,4,6-tri-tert-butylphenol meets the persistence criteria in water, soil and
sediment (half lives in soil and water > 182 days and half life in sediment > 365 days),
but does not meet persistence criteria in air (half-life in air > 2 days) as set out in the
Persistence and Bioaccumulation Regulations (Canada 2000).

Potential for Bioaccumulation

Experimental and modelled log K.y, values for 2,4,6-tri-tert-butylphenol suggest that this
chemical has the potential to bioaccumulate in the environment (see Table 2 above).

The experimental bioconcentration factor (BCF) in fish is reported to range from 4320 to
23200 L/kg at a test concentration of 1 mg/L and 4830 to 16000 L/kg at 10 mg/L (Table
6a).

Table 6a. Empirical data for bioaccumulation of 2,4,6-tri-tert-butylphenol.

Test organism Endpoint Value wet weight Concentration Reference
(L/kg) used in the test

Fish BCF 4320 to 23200 1 mg/L MITI 1992

Fish BCF 4830 to 16000 10 mg/L MITI 1992

' These values represent a range of the 10 fish tested.

Since few experimental bioaccumulation factor (BAF) and bioconcentration factor (BCF)
data for 2,4,6-tri-tert-butylphenol were available, a QSAR-based weight-of-evidence
approach (Environment Canada 2007c) was applied using the BAF and BCF models
shown in Tables 6b and 6¢ below.

The Arnot-Gobas model (2003) can be used to predict bioaccumulation of this substance,
while taking into account potential metabolism using a metabolic rate constant (ky).
Predicted BCFs and BAFs for middle trophic level (MTL) fish are shown in Table 6b.
Uncertainty analysis was used to determine confidence factors around the metabolic rate
constant (ky), accounting for variability in modelled and measured data as described in
Arnot et al. (2008).
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Table 6b. Metabolism-corrected BCF and BAF estimates for 2,4,6-tri-tert-
butylphenol using Arnot and Gobas (2003).

Experimental metabolic Log Koy used in Arnot-Gobas BCF Arnot-Gobas BAF
rate modelling* wet weight wet weight
kn (d? (L/kg) (L/kg)
3.83E-05 (2.5%)° 6.1 51209 1177255
6.89E-04 (average) 6.1 42 144 965 994
1.53E-02 (97.5%)’ 6.1 8467 103 106

' Middle Trophic Level (MTL) as the representative trophic level for fish; normalized (corrected to the
body weight of the fish used in the model).

? Lower percentile confidence factor.

3 Upper percentile confidence factor.

*Based on range of reported experimental and predicted log K, values (see Table 2).

The calculated ky; values in Table 6b are based on in vivo experiments and suggest that
the rate of metabolism for this compound is quite low (< 0.02 at best). The empirical
MITI (1992) data agree most closely with the BCF calculated using the upper percentile
confidence factor of the ky values. Results of predicted BCFs and BAFs using the Arnot-
Gobas model indicate that 2,4,6-tri-tert-butylphenol has the potential to bioconcentrate
and biomagnify in the environment.

Additional modelled data for the bioaccumulation of 2,4,6-tri-tert-butylphenol are shown

in Table 6c.

Table 6¢. Other modelled data for bioaccumulation of 2,4,6-tri-tert-butylphenol.

Test organism Endpoint Value wet weight Reference
(L/kg)
Fish BCF 19 952 BBM 2008
(in all domains of (all mitigating factors)
applicability)
Fish BCF 3282 BCFWIN 2000

Metabolic rules in the BBM model forbid the biotransformation of this hindered phenol
and thus no metabolic mitigation is used. The BCF value estimated using the BBM model
is in general agreement with available empirical data. The modelled BCF from BCFWIN
underestimates the BCF compared with the empirical data from MITI (1992) by a factor
of ~4. This difference is likely due to the compounds used in the model’s training set
having a similar log K, but having greater metabolic potential than 2,4,6-tri-tert-
butylphenol.

The weight of evidence based on empirical and modelled data described above indicates

that 2,4,6-tri-tert-butylphenol meets the bioaccumulation criterion (BCF or BAF > 5000)
as set out in the Persistence and Bioaccumulation Regulations (Canada 2000).
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Potential to Cause Ecological Harm

Ecological Effects Assessment

In the Aquatic Compartment

There is experimental and modelled evidence that 2,4,6-tri-tert-butylphenol causes harm
to aquatic organisms at relatively low concentrations (Tables 7a and 7b).

Table 7a. Empirical data for aquatic toxicity of 2,4,6-tri-tert-butylphenol.

Test organism | Type of test Endpoint | Value (mg/L) Reference
Fish Acute LCso' 0.06* Geiger et al. (1990)
(96 hours)

'LCs, — The concentration of a substance that is estimated to be lethal to 50% of the test organisms.
*Categorization pivotal iT value.

Table 7b. Modelled data for aquatic toxicity of 2,4,6-tri-tert-butylphenol.

Test organism | Type of test Endpoint | Value (mg/L) Model/reference
Fish Acute LCso' NP’ TOPKAT 2004
(96 hours)
0.076 ECOSAR 2004
(phenols)
NP U.S. EPA 1999
0.18 TIMES 2007,
(in domain) CPOPs 2008
0.078 AIES 2003-2005
Fish Chronic LCs 0.053 ECOSAR 2004
(14 days) (Neutral Org. SAR)
Daphnia Acute LCsg NP ECOSAR 2004
(48 hours) (phenols)
ECso” NP TOPKAT 2004
Algae Acute ECso 0.017 ECOSAR 2004
(96 hours) (phenols)

'LCs, — The concentration of a substance that is estimated to be lethal to 50% of the test organisms.
?ECs — The concentration of a substance that is estimated to cause a sublethal effect on 50% of the test

organisms.

NP — Not predictable or not a reliable prediction.
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A range of aquatic toxicity predictions was obtained from the various QSAR models
(Table 7b). These results and the experimental information (Table 7a) indicate that the
substance has the potential to be highly hazardous to aquatic organisms (i.e., acute
LC/ECsp< 1.0 mg/L).

In Other Environmental Compartments

No ecological effects studies were found for this compound in soil or sediment. The

U.S. EPA (2007b) has reported an acute oral toxicity (LDsg) value of 1610 mg/kg-bw in
rats and a no-observed adverse effect level (NOAEL) of 1.5 mg/kg-bw/day in rats (based
on liver effects, kidney weights and increases in cholesterol and platelets).

Ecological Exposure Assessment

No monitoring data on the presence of 2,4,6-tri-tert-butylphenol in environmental media
(air, water, soil, sediment) have been found.

Characterization of Ecological Risk

Evidence that a substance is highly persistent and bioaccumulative as defined in the
Persistence and Bioaccumulation Regulations of CEPA 1999 (Canada 2000), when taken
together with the potential for environmental release or formation and the potential for
toxicity to organisms, provides a significant indication that it may be entering the
environment under conditions that may have harmful long-term ecological effects
(Environment Canada 2006). Substances that are persistent remain in the environment for
a long time after being released, increasing the potential magnitude and duration of
exposure. Substances that have long half-lives in mobile media (air and water) and
partition into these media in significant proportions have the potential to cause
widespread contamination. Releases of small amounts of bioaccumulative substances
may lead to high internal concentrations in exposed organisms. Highly bioaccumulative
and persistent substances are of special concern, since they may biomagnify in food
webs, resulting in very high internal exposures, especially for top predators.

The importation volumes of 2,4,6-tri-tert-butylphenol into Canada along with its broad
use indicate the potential for releases into the Canadian environment. Although the
substance may be destroyed through the combustion of fuel and oil, other non-destructive
uses could result in releases into the Canadian environment. However, a consultant study
confirmed the use as a fuel additive as being the main use of this substance in Canada
(Environment Canada, 2008b). Results from the mass flow tool estimate that of 2% of
the total mass of the substance in commerce is released into the environment, the vast
majority (93.2%) being lost by transformation (i.e., fuel combustion). Both empirical and
modelled data indicate that once this substance is released into the environment it will
remain in water, sediment and soil for a long time because of its stability in the
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environment. Due to its lipophilic character and persistence, the empirical and modelled
data suggest that it will likely bioaccumulate and may biomagnify in trophic food chains.
Both empirical and modelled data have also demonstrated the potential for relatively high
toxicity to aquatic organisms. This information suggests that 2,4,6-tri-tert-butylphenol
has the potential to be released into the environment and cause ecological harm in
Canada.

Uncertainties in Evaluation of Ecological Risk

There is uncertainty regarding the risk that 2,4,6-tri-tert-butylphenol may pose now or in
the future. Typically, quantitative risk estimates (i.e., risk quotients or probabilistic
analyses) are important lines of evidence when evaluating a substance’s potential to cause
environmental harm. However, when risks for persistent and bioaccumulative substances
such as 2,4,6-tri-tert-butylphenol are estimated using such quantitative methods, they are
highly uncertain and are likely to be underestimated. Given that long term risks
associated with persistent and bioaccumulative substances cannot at present be reliably
predicted, quantitative risk estimates have limited relevance. Furthermore, since
accumulations of such substances may be widespread and are difficult to reverse, a
conservative response to uncertainty is justified.

Some physical-chemical properties were generated for 2,4,6-tri-tert-butylphenol using
QSAR models, which have inherent uncertainties related to their use (e.g., in or out of
domains of applicability). However, this substance (as a neutral organic) was modelled
well by available QSARs. Predicted and observed data are generally in good agreement
and applicability domains (where specified in a model) have been satisfied. There is some
uncertainty regarding the water solubility for this substance as there is a difference of
approximately a 3 order of magnitude between the experimental (35 mg/L) and modelled
(0.267 mg/L) values. The 35 mg/L value is given stronger weight than the 0.267 mg/L as
observed values are favoured over predicted ones. The physical-chemical properties for
this substance (e.g., high sorptive capacity) and the results of EQC modelling confirm
that soil and sediment are the media of concern for this substance. In addition, the
convergence of both empirical and modelled data with respect to persistence,
bioaccumulation and toxicity to aquatic organisms increases confidence in the results
overall. However, there are no data available relating to the potential effects of this
substance as a result of exposure of organisms in soil or sediment.

The section 71 data provides information on importation and use above a reporting
threshold, but there is still concern for the importation and use of the substance below the
reporting threshold, especially for a substance that is persistent, bioaccumulative and
toxic. In using the mass flow tool, associated uncertainties and assumptions were
discussed previously regarding major life cycle stages. One of the major assumptions is
that this substance behaves similarly to gasoline (i.e., when used as a fuel additive, its
rate of combustion is assumed to be similar to gasoline). It is important to note that this
tool did not take into account the transport and use of gasoline for home uses (e.g., lawn
mowers, generators) and recreational activities (e.g., boats), which has the potential to
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result in incidental releases of this substance to various environmental compartments.
Also, there is some uncertainty regarding the uses of this substance in Canada. The only
known current use of the substance in Canada is as a fuel and oil additive (Environment
Canada 2008). Since 2,4,6-tri-tert-butylphenol has been used in the past in Canada as a
lubricant additive, and this is a recognized use for the substance elsewhere, as well as the
lack of a targeted Section 71 survey for this substance, the lubricant use was incorporated
into the mass flow tool.

Conclusion

Based on the information presented in this screening assessment, it is concluded that
2,4,6-tri-tert-butylphenol is entering or may be 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.

It is therefore concluded that 2,4,6-tri-tert-butylphenol meets the definition of toxic as set
out in paragraphs 64a of CEPA 1999. Additionally, 2,4,6-tri-tert-butylphenol meets the
criteria for persistence and bioaccumulation potential as set out in the Persistence and
Bioaccumulation Regulations (Canada 2000).
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