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Preface

This assessment was carried out by staff of the National Industrial Chemicals Notification and Assessment Scheme (NICNAS)
using the Inventory Multi-tiered Assessment and Prioritisation (IMAP) framework.

The IMAP framework addresses the human health and environmental impacts of previously unassessed industrial chemicals
listed on the Australian Inventory of Chemical Substances (the Inventory).

The framework was developed with significant input from stakeholders and provides a more rapid, flexible and transparent
approach for the assessment of chemicals listed on the Inventory.

Stage One of the implementation of this framework, which lasted four years from 1 July 2012, examined 3000 chemicals
meeting characteristics identified by stakeholders as needing priority assessment. This included chemicals for which NICNAS
already held exposure information, chemicals identified as a concern or for which regulatory action had been taken overseas,
and chemicals detected in international studies analysing chemicals present in babies’ umbilical cord blood.

Stage Two of IMAP began in July 2016. We are continuing to assess chemicals on the Inventory, including chemicals identified
as a concern for which action has been taken overseas and chemicals that can be rapidly identified and assessed by using
Stage One information. We are also continuing to publish information for chemicals on the Inventory that pose a low risk to
human health or the environment or both. This work provides efficiencies and enables us to identify higher risk chemicals
requiring assessment.

The IMAP framework is a science and risk-based model designed to align the assessment effort with the human health and
environmental impacts of chemicals. It has three tiers of assessment, with the assessment effort increasing with each tier. The
Tier | assessment is a high throughput approach using tabulated electronic data. The Tier Il assessment is an evaluation of risk
on a substance-by-substance or chemical category-by-category basis. Tier Il assessments are conducted to address specific
concerns that could not be resolved during the Tier Il assessment.
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These assessments are carried out by staff employed by the Australian Government Department of Health and the Australian
Government Department of the Environment and Energy. The human health and environment risk assessments are conducted
and published separately, using information available at the time, and may be undertaken at different tiers.

This chemical or group of chemicals are being assessed at Tier lll because the Tier Il assessment indicated that it needed
further investigation. The report should be read in conjunction with the Tier Il assessment.

For more detail on this program please visit: www.nicnas.gov.au
Disclaimer

NICNAS has made every effort to assure the quality of information available in this report. However, before relying on it for a
specific purpose, users should obtain advice relevant to their particular circumstances. This report has been prepared by
NICNAS using a range of sources, including information from databases maintained by third parties, which include data supplied
by industry. NICNAS has not verified and cannot guarantee the correctness of all information obtained from those databases.
Reproduction or further distribution of this information may be subject to copyright protection. Use of this information without
obtaining the permission from the owner(s) of the respective information might violate the rights of the owner. NICNAS does not
take any responsibility whatsoever for any copyright or other infringements that may be caused by using this information.

Acronyms & Abbreviations

Synopsis

The Tier Il human health assessment of the chemical under the Inventory Multi-tiered Assessment and Prioritisation (IMAP)
Framework determined that further work is required to evaluate the risk posed by the chemical ethanol, 2-chloro-, phosphate
(3:1) (TCEP; CAS No 115-96-8) in household articles and particularly when used in toys. Therefore, a human health Tier 11l
assessment was recommended.

This assessment indicated that the presence of TCEP in children’s toys can pose a risk for human health. However, the
exposure intake estimates are assumed to be overestimates as shown by the Australian biomonitoring data. Therefore, the
extent of the potential risk posed by the chemical in children’s toys cannot be reliably estimated and further information would be
required to justify risk management measures. The use of TCEP is expected to decline due to existing international regulations.
Therefore, no further risk management is recommended at present.

Quantitative risk assessment was conducted using a margin of exposure (MOE) approach to evaluate the potential health risks
in children associated with exposure to TCEP via mouthing of toys. The estimated exposure intake due to mouthing was
compared to the other intake sources based on publicly available estimates of daily exposure intakes. Additionally, the reverse
dosimetry was used to estimate daily intakes of the chemicals in Australian children based on measured urine concentrations of
TCEP.The human health Tier Il IMAP report for the chemical is available at: https://www.nicnas.gov.au/chemical-
information/imap-assessments/imap-assessment-details?assessment_id=1996 and contains detailed assessment information
that remains valid (NICNAS).

New or updated information is included in the relevant sections of the Tier Il human health report. The Tier Il and Tier Ill reports
for this chemical should be read together.

Rationale for Tier lll Assessment

Ethanol, 2-chloro-, phosphate (3:1) (TCEP) is a flame retardant plasticiser, commonly used in various household applications
including paints and coatings, furniture, textiles, insulation and polyurethane foam. The chemical has been measured in several
consumer products such as mattresses, furniture, automobile seating and in certain infant and toddler products including toys
(Stapleton et al., 2009; 2011, 2012; Canada Gazette, 2014; Washington State, 2014; TERA, 2015; Danish EPA, 2014; 2015;
2016).

The chemical is hazardous to human health. It is a suspected carcinogen (Carc. Cat. 3; R40) and may impair fertility (Repr. Cat.
2; R60) (Safe Work Australia). The mechanisms inducing cancer are not fully understood. However, based on the mainly
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negative genotoxicity studies (NICNAS), the TCEP-induced tumours observed in rodent studies (NICNAS) are expected to be
related to non-genotoxic mechanisms of carcinogenicity.

The chemical TCEP has toxic effects in the kidney, liver and brain following repeated oral treatments in experimental animals
(EU RAR, 2009; ATSDR, 2012; US EPA, 2015a; 2015b; NICNAS).

The chemical may be released from various products due to its migration to the surface or via matrix decomposition, aging or
mechanical action. Flame retardants are present in airborne and settled dust within home or other indoor environments
(Makinen et al, 2009; Cao et al., 2014; Yang et al., 2014; Canbaz et al., 2016; Brandsma et al., 2014; Keimowitz et al., 2016; He
et al., 2015; 2016; Wu et al., 2016). Therefore, exposure may occur via inhalation, dermal or oral (hand-to-mouth, ingestion of
settled dust or mouthing activities) routes. Children are expected to have highest intakes, due to having lowest body weights
and highest frequency of hand-to-mouth activities as well as age specific activities including mouthing of products. Children are
also expected to have highest percentages of time spent in indoor environments such as homes, schools, day-care, public and
commercial buildings and in vehicles, where exposure to TCEP is most likely (Isaacs et al., 2014; US EPA, 2015a).

The chemical TCEP or its metabolite bis(2-chloroethyl) phosphate (BCEP) has been detected in the human serum (Li et al.,
2015) and urine samples demonstrating the bioavailability and absorption of TCEP in humans (TERA, 2015). The TCEP was
measured in urine samples in Australia, with the chemical detected in 35 % of samples from children up to three years of age,
but not in samples from older children or adults (van den Eede et al., 2015).

The use of TCEP has been restricted in various products overseas, including in children’s toys (See Restrictions). Due to the

international restrictions, the commercial use of TCEP as a flame retardant has declined; however, its use in products including
children’s toys is not restricted in several countries including Australia and therefore the chemical may present a health risk for
consumers in Australia.

The scope of the Tier Il assessment is to determine if mouthing of products containing TCEP, such as children’s toys, is a
significant exposure route in Australian infants and toddlers and if this exposure route poses a significant risk for human health.

Chemical Identity

tris (2-chloroethyl) phosphate
TCEP

2-chloroethanol phosphate
Celluflex

Niax Flame retardant 3CF
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Import, Manufacture and Use

Australian

See the IMAP Tier || Human Health Hazard assessment for more detailed information.

International

The chemical TCEP has been widely used in polyurethanes, polyacrylates, and polyester resins. In general, to achieve
appropriate flame retardant effects, the loading rates of the chemical in flexible foams are between 2.5 and 14 % (EU RAR,
2009). The chemical has uses in the building (e.g. insulation), furniture and textile (e.g. as back-coatings for carpets and
upholstery) industries, in aircrafts, cars and trains, as well as in professional paints, varnishes and lacquers (EU RAR, 2009;
SCHER, 2012; CDR, 2012; Environment & Health Canada, 2009).

The production and use of TCEP has declined and been progressively replaced by other flame retardants such as tris(1-chloro-
2-propyl) phosphate (TCIPP; CAS No 13674-84-5) (WHO, 1998; US EPA, 2015a; Schreder et al. 2016). The chemical TCEP is
also a known impurity in the commercial 2,2-bis(chloromethyl)-propane-1,3-diyltetrakis(2-chloroethyl) bisphosphate (V6 mixture;
CAS No 38051-10-4) at concentrations of 4.5-7 % (Fang et al, 2013; US EPA, 2015b).

See the IMAP Tier || Human Health Hazard assessment for more detailed information.
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Restrictions

Australian

No known restrictions have been identified.
International

The Government of Canada has listed the chemical in Schedule 2 of the Canada Consumer Product Safety Act: “Products that
are made, in whole or in part, of polyurethane foam that contains tris (2-chloroethyl) phosphate and that are intended for a child
under three years of age” (Canada Gazette, 2014).

In Europe, the Toy Safety Directive currently limits the presence of TCEP in toys intended for children aged under 36 months
and in toys that could be put in their mouth to 5 mg/kg as a ‘detection limit of a sufficiently sensitive analytical method’ (EC
Directive 2009/48/EC, as amended June 2014). This Directive came into force on 21 December 2015.

In the United States of America (USA), restrictions of TCEP in children’s products, upholstered furniture, the manufacture and
sale of children's products, upholstered residential furniture, residential textiles, or mattresses have been proposed or adopted in
multiple states including Massachusetts, Washington, Alaska, Maryland, New York, Connecticut, Delaware, Maine, Minnesota,
North Carolina, Rhode Island and Tennessee (Safer States).

Public Exposure

In this assessment, public exposure to TCEP is presented as:
@ cstimates of exposure intake (oral route) for the use of the chemical in children’s toys;

® 5 summary of main findings from international assessments of exposure intakes (various routes) for the use of the
chemical in different products used in infant and children’s articles, in indoor air and dust, and in drinking water and food;
and

® estimates of exposure intake from biomonitoring data.

The exposure intakes are presented to allow the characterisation of the risks associated with the use of TCEP.
Exposure intake from children’s toys

While TCEP is regulated in children’s toys in certain countries, polyurethane toys potentially containing TCEP may still be
available in Australia. Three different methods of intake estimations from toys are presented here: foam ingestion, migration,
and solubility. The exposure estimates from mouthing of toys are calculated for typical and reasonable worst-case exposure
scenarios using these three methods.

Foam ingestion method

This method is based on the potential ingestion of polyurethane foam containing TCEP following mouthing of the toys.

The chemical TCEP was measured in one out of five toys sampled in a Danish study (as cited in EU RAR, 2009) conducted
prior to TCEP restrictions. The chemical was detected in a soft cube made of textile, plastic and foam rubber with the core
consisting of polyurethane foam. The TCEP levels in the polyurethane foam cube were reported to be 3300, 5200 or 6500
mg/kg, while the textile TCEP content was 160 mg/kg (EU RAR, 2009; SCHER, 2012). In a more recent Canadian assessment
(Canada Gazette, 2014), TCEP was detected in children’s soft polyurethane foam book at a concentration of 3800 mg/kg. There
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is no available information on the concentration of TCEP in toys in Australia, but the overseas data is considered representative
for the purpose of estimating the exposure intake of children mouthing toys containing TCEP.

The calculations in this method were based on the assumption by the Danish Environmental Protection Agency (EPA) as
reported in the EU RAR (2009) that a 3-month old baby plays with a polyurethane foam cube for 90 days, during which the cube
is sucked intensively. The following assumptions were also used:

® cumulative amount of foam ingested during 90 days was 50 g (EU RAR, 2009). Based on this information, this assessment
estimated ingestion of approximately 0.55 g of foam per day);

® intermediate TCEP concentration in foam of 5200 ug/g from the Danish study (as reported in EU RAR, 2009 and SCHER,
2012);

® 350 % release rate of TCEP from the foam (EU RAR, 2009); and

® the TCEP’s bioavailability via the oral route of 100 % since the chemical is expected to be efficiently absorbed orally (EU
RAR, 2009; TERA, 2015; NICNAS).

The exposure intake (foam ingestion), in ug/kg bw/day, was estimated as follows:

Exposure intake (foam ingestion) = [RF x C x A x Bgg] / BW

Where:

RF = Release factor

C = Concentration of TCEP in foam ingested, ug/g
A = Amount of foam ingested per day, g/day

Boral = Bioavailability via oral route
BW = Body weight

The age-groups, and age-specific default values for body weights and exposure duration of daily mouthing of toys are shown in
Table 1. The exposure intake was not calculated for the 0-3 month age group since minimal exposure duration of mouthing is
reported for this group.

Table 1: Age-specific average default values used for body weights (BW) and for average and maximum (in brackets) exposure
duration (ED) of daily mouthing of toys (based on enHealth, 2012).

Age group (months) BW (kg) ED (min/day)
0-3 4.8 0.25 (1)
3-6 6.9 28 (155)
6-9 8.1 39 (226)
9-12 8.9 23 (65)
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Age group (years) BW (kg) ED (min/day)
1-2 11 15 (64)
23 15 12 (125)
3-6 24 5 (65)

Estimations were made for exposure intake of children of various age groups using the assumptions and equation above (see
Table 2; Exposure estimates from the three methods).

The assumption of 0.55 g of foam ingested per day was reported for ages between 3 to 6 months (EU RAR, 2009). The same

daily ingestion rate was used for all ages, except for 0-3 months when no sufficient mouthing is expected and the foam ingestion
would be negligible. It is noted that the time children spent sucking toys, peaks at ages 6 to 9 months (enHealth, 2012; Table 1),

and the biting behaviour is most common in children aged between 6 to 24 months (SCHER, 2016).

Migration method

This method is based on the potential migration of TCEP into the saliva following mouthing of toys. The TCEP is subsequently
swallowed with saliva and also absorbed through the buccal mucosa.

The amount of TCEP released is determined by the amount of time children spend with the product in their mouth and the
migration rate of TCEP from the toy. No information is available for the migration of TCEP to saliva. Migration rate to artificial,
sweat-like solutions has been measured for chlorinated phosphoester flame retardants. Based on a Danish EPA report, the

TCEP migration rate to artificial sweat from a product containing TCEP was reported to be up to 620 mg/m?2 during a 3-hour test

period (62 pug/cm?/3hr = 20.6 pg/cm?/hr) (Danish EPA, 2016). This approach was used to estimate the exposure for children to
two chlorinated phosphoester flame retardants in a recent report (Environment & Health Canada, 2016).

Due to the lack of migration studies of TCEP into saliva, this assessment assumes that migration rate of the chemical into
artificial sweat is representative. The following assumptions were also used:

® the surface area of a child’s open mouth and the surface of an article available for mouthing at any one time is
approximately 20 cm? (Environment & Health Canada, 2016);

® migration rate of TCEP to saliva is 20.6 pg/cm?/hr (Danish EPA, 2016);

@® mouthing frequency occurs equally for both plastic and polyurethane foams, hence, a relative mouthing frequency (RMF)
of 50 % (or 0.5) for foam toys; and

@ the TCEP’s bioavailability via the oral route is 100 % since the chemical is expected to be efficiently absorbed orally (EU
RAR, 2009; TERA, 2015; NICNAS).

The exposure intake (migration), in ug/kg bw/day, was estimated as follows:

Exposure intake (migration) = [SA x M x ED x RMF x CF x Bgg] / BW

Where:
SA = Surface area of direct mouthing, cm2
M = Migration rate, ug/cm2/hr

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-ii-assessment-for...
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ED = Exposure duration, hr/day

RMF = Relative mouthing frequency

CF = Conversion factor of 1/60 (min/day to hr/day)
Boral = Bioavailability via oral route

BW = Body weight

Estimations were made for exposure intake of children of various age groups using the assumptions and equation above (see
Exposure estimates from the three methods). The age-groups, and age-specific default values for body weights and
exposure duration of daily mouthing of toys are shown in Table 1.

Solubility method

This method is based on the expectation that the solubility of TCEP in water is the same as its solubility in saliva, and that the
chemical contained in polyurethane in toys migrates to the saliva. This model was developed by the US Environmental
Protection Agency (US EPA)’'s Voluntary Children’s Chemical Evaluation Program for another flame retardant (Environment &
Health Canada, 2009).

The water solubility used in the equation above is 7000 ug/mL (Hou et al., 2016). The unstimulated salivary flow rate in
children’s mouth is assumed to be 0.22 mL/min measured from a 5-year old child (Bretz et al., 2001; Environment & Health
Canada, 2009). The default value of 0.038 used for fractional rate extraction by saliva has been used for other halogenated
flame retardants (as referenced in Environment & Health Canada, 2016).

The following assumptions were also used:

® the TCEP’s bioavailability via the oral route is 100 % since the chemical is expected to be efficiently absorbed orally (EU
RAR, 2009; TERA, 2015; NICNAS); and

@ the relative mouthing frequency (RMF) of 0.5 for foam toys (see Migration method).

The exposure intake (solubility), in pg/kg bw/day, was estimated as follows:

Exposure intake (solubility) = [WS x Vs x CF x FR x Bgrg X ED x RMF]/ BW

Where:

WS = Water solubility of TCEP, pg/mL
Vs = Salivary flow rate

FR = Fractional rate extraction by saliva

Boral = Bioavailability via oral route

ED = Exposure duration (min/day)
RMF = Relative mouthing frequency
BW = Body weight

Estimations were made for exposure intake of children of various age groups using the assumptions and equation above (see
Table 2, Exposure estimates from the three methods). The age-groups, and age-specific default values for body weights and
exposure duration of daily mouthing of toys are shown in Table 1.

Exposure estimates from the three methods

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-iii-assessment-for...  8/24
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The estimated exposure intakes from the foam ingestion, migration, and solubility methods are shown in Table 2. The
calculations are presented as typical (using average mouthing exposure duration) and reasonable worst-case (using maximum
mouthing exposure duration) values.

Table 2: Typical and reasonable worst-case (in brackets) exposure intakes (ug/kg bw/day) from mouthing toys for children of
different age groups using three different methods.

Age group Ingestion Migration Solubility
(months)
0-3 negligible 0.18 (0.72) 1.5 (6.1)
3-6 207 14 (77) 119 (657)
6-9 177 16 (96) 141 (816)
9-12 161 9 (25) 76 (214)
Age group Ingestion Migration Solubility
(years)
1-2 130 4.7 (20) 40 (170)
2-3 95 2.7 (29) 23 (244)
3-6 60 0.72 (8.9) 6.1(76)
Average (0-6 years) 138 6.8 (37) 58 (312)

The estimations presented in Table 2 show a high variability of exposure intakes from the three different methods and
assumptions used. Therefore, it is not possible to provide reliable estimates of TCEP exposure of children mouthing toys.
Similarly, the Scientific Committee on Health and Environmental Risks (SCHER, 2012) concluded in their assessment of TCEP
in toys that “the database is not appropriate to derive a reliable estimate”.

The uncertainties in the exposure assessment for this scenario are discussed in the context of the risk characterisation (see
Uncertainties in the risk assessment).
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Exposure intake from children’s products, indoor air, indoor dust, food, and drinking water

The information presented here is not a full literature review, but rather summarises the main findings from international sources
of exposure intakes of TCEP in different products used in infant and children’s articles, in indoor air and dust, and in food and
drinking water.

Concentrations determined in various children’s products (other than toys)

The chemical has also been measured in various infant products such as high chairs, bath mats, car seats, nursing pillows,
carriers (Stapleton et al., 2011; Washington State, 2014; Danish EPA, 2015; 2016), sofas (Stapleton et al., 2009; 2012), and
camping tents (Keller et al., 2014). In a Danish Consumer Council test of children’s articles, TCEP was measured in children’s
car seats, baby slings and prams (Danish EPA, 2016). The TCEP levels ranged between 41-840 mg/kg. In the USA market,
TCEP was detected in concentrations over 1000 mg/kg foam in car seats, changing pads, sleep positioners, portable
mattresses, nursing pillows, baby carriers, rocking chairs, high chairs, infant bath mats, and baby walkers (Stapleton et al., 2011;
TERA, 2015).

Concentrations determined in indoor air

Due to its physicochemical properties, TCEP can be classified as semi-volatile organic compound, and therefore is not expected
to be abundantly present in a gaseous state (the maximum saturated airborne concentration is estimated to be 940 ug/m?3
(TERA, 2015)). The chemical TCEP is typically classified as “additive flame retardant” and is blended evenly into the foam, but
remains unbound. The internal structure of the foam however acts as a barrier to migration of the chemical to the surface from
which it can be volatilised. The chemical TCEP has been shown to migrate to the environment, either by migration from the
products and adsorption to particulates or via matrix decomposition, aging or release. The chemical is also shown to be emitted
from electrical and electronic products (Malmgren-Hansen et al., 2003; TERA, 2015). Other likely sources of TCEP
concentrations in indoor air are: polyurethane foams; upholstery; furniture; and textiles (ATSDR, 2012; CPSC, 2013).

The concentrations of TCEP measured in indoor air ranged from not detected to 870 ng/m?3 in various microenvironments
(TERA, 2015). The indoor air concentrations of TCEP measured in Japan and Sweden ranged from non-detectable to 136
ng/m?3 and 1-115 ng/m3, respectively (TERA, 2015).

Concentrations determined in indoor dust

The high octanol: air equilibrium partitioning coefficient (Koa) and low vapour pressure of TCEP favour partitioning to solid
organic matrices like dust. The TCEP has been measured in dust and particulate matter in various indoor locations in the range
of non-detectable to 2300 mg/kg (TERA, 2015). Recently, TCEP was measured in dust collected from Australian homes,
schools, cars and mattresses in the range of non-detectable to 62 mg/kg (Harrad et al., 2016). The median levels in car and
living room dust were 2 and 0.6 mg/kg, respectively.

The levels of TCEP are variable and differ in different locations. Highest concentrations are generally found in cars and public
places like schools (TERA, 2015). In general, the concentrations of flame retardants in indoor air are considerably higher than
the outdoor concentrations, supporting the role of indoor environments as an important exposure source.

Concentrations in food and drinking water

Exposure to TCEP may also occur via water and food, although these sources, especially food, are considered a minor
contribution overall. No information is available on the TCEP concentrations in Australian drinking water or food items.

Conventional water treatment may not be effective in removing TCEP from drinking water (TERA, 2015). In Canada, the TCEP
concentrations in drinking water ranged from non-detectable to 52 ng/L (Environment & Health Canada, 2009). In the USA, the
highest concentrations of TCEP found in two drinking water sites during a US Geological Survey (USGS), was approximately 66
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ng/L (0.066 parts per billion). In another study in the USA, TCEP was detected in public drinking water with the maximum
concentration of 20 ng/L (SPSC, 2013).

Levels of TCEP were detected in various food items in a market basket study performed by the United States (US) Food and
Drug Administration. The mean concentrations ranged between maximum of 29 ug/kg in oriental noodle soup to below detection
in various other items (as reported in Environment & Health Canada, 2009). In a Swedish market basket study performed in
2015, median TCEP concentrations ranged from 1 pg/kg in fats/oils, 0.45 pg/kg (fresh weight) in vegetables to below detection
(Swedish EPA, 2016; Poma et al, 2017). The levels of TCEP were also measurable in certain infant and toddler foods in the
USA (Environment & Health Canada, 2009). The TCEP concentrations in fish range from not detected to 90 pg/kg (Environment
& Health Canada, 2009). The suggested sources of TCEP concentrations in food may include the wrapping material used in
food packaging and the plant uptake from soil (TERA, 2015), and could also be from contamination in processing plants.

Chlorinated organophosphate flame retardants have also been measured in mothers milk (Sundkvist et al, 2010).
Concentrations of TCEP were detected in 3-8% of human breast milk samples of women from Vietnam, Philippines, and Japan
(Kim et al, 2014). The concentrations ranged from non-detectable to 512 ng/g lipid (median 0.14-42 ng/g lipid, depending on
country measured). However, sufficient information was not available to determine the source of exposure from mother’s milk.

Summary of exposure estimates from various sources other than mouthing

The exposure routes and sources commonly identified for chlorinated organophosphate flame retardants include: oral exposure
via hand-to-mouth transfer of settled dust on surfaces, inhalation exposure including incidental ingestion of inhaled dust, dermal
exposure through contact with products or dust containing TCEP, and oral exposure to TCEP in food and drinking water,
including from settled indoor dust particles (Environment & Health Canada, 2009; 2016; EU RAR, 2009; SCHER, 2012; Danish
EPA, 2014; TERA, 2015; US EPA, 2015a).

The exposure estimates from various sources with the identified routes are shown in Table 3. These values were derived from
existing international exposure estimates for the purpose of making a comparison. Both EU RAR (2009) and Environment &
Health Canada (2009) concluded that mouthing was a significant route for infants and young children with the mouthing
expected to contribute to over 90 % of the total exposure. However, other routes of exposure including dermal contact with
products containing polyurethane foam (like mattresses, car seats etc.) have also gained attention as potentially significant
exposure route for children (Danish EPA, 2015; Environment & Health Canada, 2016).

Table 3: Potential exposure intake (ug/kg bw/day) of TCEP via various routes as assessed by other international agencies.

Health Canada, 2009 EU RAR, 20092
Infant Toddler Children Adults Infant Toddler Adults
(0-6 (6 (5-11 (3-6 (1-3
months) months years) months)P years)
-4 years)
Drinking 0.006 0.002 0.002 0.001 NAC 0.007- 0.03-1.4
water 0.01
Food 0 0.009 0.004 0.002 NA NA NA
Hand-to- 0.2 0.3 0.09 0.02 NA 0.2 0.003
mouth
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(dust)

Indoor air 0.09 0.2 0.2 0.008 NA NA NA
Dermal 0.36 0.27 0.25 0.25 NA 0.018 NA
dust

Dermal 2 1 0.5 0.5 NA 10 3.9
contact

Total 2.7 1.8 1.1 0.78 NA 10.2 43
intake

a) The estimated 99" percentile as reported in European Union Risk Assessment Report (EU RAR, 2009) is listed for uptake
values when available.

b) Only mouthing was estimated for infants between 3-6 months of age.
c) NA = Exposure was not estimated.

In addition to the international agencies, scientific research papers have estimated human exposure intakes via dust ingestion,
inhalation, and dermal contact (van den Eede et al., 2011; Kim et al., 2013; Abdallah & Covaci, 2014; Cequier et al., 2014;
Tajima et al., 2014; Brommer & Harrad, 2015; He et al., 2015; 2016; Hou et al., 2016; Schreder et al., 2016; Wu et al., 2016).
The estimated exposure intakes between the studies are highly variable for each route. The variability is assumed to be due to
differences in the use of consumer products, frequency of dust cleaning as well as regulations in indoor materials in different
countries (Hou et al., 2016).

The estimated median exposure intake in children and toddlers (body weights used varying between 12 — 20 kg) via dust
ingestion was 0.15 — 16.1 ng/kg bw/day depending on the study (van den Eede et al., 2011; Kim et al., 2013; Abdallah & Covaci,
2014; Cequier et al., 2014; Tajima et al., 2014; Brommer & Harrad, 2015; He et al., 2015; Hou et al., 2016; Schreder et al., 2016;
Wau et al.,2016). In infants (5 kg body weight), the estimated mean exposure intake via dust ingestion was 161 ng/kg bw/day (He
etal., 2016).

In a recent study in USA, the estimated median exposure intake in children via inhalation was 116 ng TCEP/day which
corresponds to 5.8 ng/kg bw/day if 20 kg body weight is used (Schreder et al., 2016). In another study in Norway, the inhalation
exposure intake in children (body weights not specified) was 0.91 ng/kg bw/day (Cequier et al., 2014).

The estimated daily intake in children (body weights not specified) via dermal contact of dust was estimated to be 1.6 ng/kg
bw/day (Cequier et al., 2014).

In a recent Swedish market basket 2015 study (Swedish EPA, 2016), the estimated total TCEP intake from various food
categories was estimated to be 6.0 ng/kg bw/day in adults (mean body weight of 67.2 kg).

Exposure intake from biomonitoring data

Biomonitoring data

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-iii-assessment-fo... 12/24
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Biomonitoring data for a particular chemical or its metabolites represent exposure to the chemical from all sources and
pathways. The metabolism of TCEP in humans has not been fully evaluated and therefore, the best biomarkers for TCEP
exposure in humans are unknown. The quantitative measurement is also challenging with the methods still under development
(Petropoulou et al., 2016). These challenges are demonstrated by divergent findings in recent studies. The in vitro studies
suggest that TCEP may not be effectively metabolised into hydrolytic metabolites like bis(2-chloroethyl)phosphate (BCEP) by
human liver enzymes (Van den Eede et al., 2013). However, in urine samples (ex vivo), the chemical was enzymatically
hydrolysed to BCEP, with BCEP concentrations increasing with duration of hydrolysis (Petropoulou et al., 2016). Therefore, the
limited biomonitoring studies have been measuring either the parent TCEP or the proposed metabolite BCEP.

The levels of TCEP were recently measured in urine samples obtained from a community-based pathology laboratory from
Queensland in Australia (van den Eede et al., 2015). Two separate sampling campaigns were undertaken in the following
periods: (1) from November 2010 to March 2011; and (2) November 2012 to November 2013. The levels of TCEP were detected
(method detection limit (MDL) <0.5 ng/mL) in 35 % of samples from children 0-3 years old, but not in samples from older
children or adults. The maximum reported concentration in urine was 24 pg/L. Based on the scatter blot (Supplemental material;
van den Eede et al., 2015) of urine samples with detectable TCEP levels, the median level detected was estimated to be 1 ug/L.
This supports the estimated higher exposure in younger children. The MDL for metabolite BCEP was >3 ng/mL and was not
measured (van den Eede et al., 2015).

The TCEP metabolite, BCEP, has been detected in urine samples of adults in the USA (Dodson et al., 2014; Petropoulou et al.,
2016). The levels of BCEP were detected in 75 % of urine samples (n=16; detection limit 0.1 ng/mL). The median concentration
of BCEP in urine was 0.63 ng/mL and the maximum concentration detected was 2.1 ng/mL (Dodson et al., 2014). In another
study, using a different quantitation method, BCEP was detected in all urine samples (n=13; detection limit 0.1 ng/mL) with the
median level detected at 1.3 ng/mL and the maximum level detected at 15 ng/mL (Petropoulou et al., 2016). The chemical
BCEP, was detected in 65 % of urine samples (n=312; detection limit 0.1 ng/mL) from children between 22 and 80 months old in
Germany (Fromme et al., 2014). The median concentration of BCEP in urine was 0.2 ng/mL and the maximum concentration
detected was 13.1 ng/mL (Fromme et al., 2014).

The levels of TCEP were below the detection limit in serum samples of 50 adults in the USA, while the chemical was detected in
68, 20, or 8 % of hair, fingernail or toenail samples, respectively (Liu et al., 2016). The authors concluded that the lack of TCEP
detection in serum is expected to be due to rapid metabolism and excretion of the chemical.

The analytical approaches and uncertainties associated with biomonitoring data limits their use in exposure and human health
risk assessments (Albertini et al., 2006). It is not possible to determine the relative contribution of different exposure routes
directly from population biomonitoring data. For this reason, modelling is most suitable. However, population biomonitoring data
are useful in determining whether the exposures calculated through modelling are within the observed range of exposure, and
their magnitude compared with the integrated exposure of the population.

Exposure estimates using reverse dosimetry

Reverse dosimetry was used to estimate daily intakes based on urine concentrations of TCEP.
The exposure intake (reverse dosimetry), in ug/kg bw/day, was estimated as follows:
Exposure intake (reverse dosimetry) = Cu x Vu/FUE x BW

Where:

Cu = Concentration of TCEP detected in urine, ug/L

Vu = Total daily urine volume, L/day

FUE = Fractional urine excretion

BW = body weight of a toddler age 0-3 years

For the urine concentrations, the results from sampling campaign 1 in a previously described study (van den Eede et al., 2015)
were used. The following parameters were also used:

® the total daily urine volume is 0.7 L/day for toddlers (Environment and Health Canada, 2016);
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® itis assumed that TCEP is minimally metabolised and excreted mainly unmetabolised. Approximately 75 % of
radiolabelled chemical was excreted in the urine within the first 24 hours and 90 % within 96 hours in rodents (NICNAS;
TERA, 2015). The results from the in vitro metabolism study using human liver preparations suggested that approximately
40 % of TCEP is metabolised into BCEP; hence, 60 % would be expected to be excreted as unmetabolised TCEP (van
den Eede et al., 2013). Therefore, the FUE, the proportion of incomplete TCEP excretion, was estimated from the TCEP
level excreted in urine (75 %), and the unmetabolised TCEP level (60 %); and

® 3 toddler body weight of 15 kg (enHealth, 2012).

Using the equation and parameter assumptions described above, the estimated median and maximum daily intakes in toddlers
(0-5 years) were 0.1 and 2.5 pg/kg bw/day, respectively.

The worst-case TCEP exposure values of children mouthing toys, calculated using three different methods (Table 2), are greater
than the calculated worst-case intake from biomonitoring information due to the significantly conservative assumptions used.
The uncertainties in the exposure assessment for this scenario are discussed in the context of the risk characterisation (see
Uncertainties in the risk assessment).

Health Hazard Information

The critical health effects of TCEP for risk characterisation include systemic long-term effects and systemic acute effects
(NICNAS). The chemical TCEP is a suspected carcinogen (Carc. Cat. 3; R40) and may impair fertility (Repr. Cat. 2; R60) (Safe
Work Australia). In addition, following repeated oral treatments in experimental animals, TCEP has toxic effects on the kidney,
liver and brain (EU RAR, 2009; ATSDR, 2012; US EPA, 2015a; 2015b; NICNAS).

The chemical TCEP induces the formation of benign and malignant tumours at various sites in experimental animals. Benign
kidney neoplasms are most commonly reported and have been observed in both rats and mice and in both sexes (EU RAR,
2009; NICNAS). The TCEP-associated responses observed in kidneys are not malignant and appear to be restricted to
hyperplasia and benign tumours (adenomas). However, it is accepted that adenoma and carcinoma of the renal tubule
constitute a morphological continuum and the renal adenomas may represent an early stage of the development of a carcinoma
and are considered reasonable evidence of carcinogenic activity.

The mechanism of TCEP induction of tumours is unknown. As there is no relevant evidence for mutagenicity of TCEP, for the
risk assessment, a threshold mode-of-action has been used to assess the carcinogenicity risk of TCEP (EU RAR, 2009). A
number of non-genotoxic chemicals can induce of renal cell tumours through a process involving prolonged renal tubule cell
injury coupled with regenerative cell proliferation (IARC, 1997). Two separate mechanisms have been proposed: (1) a
regenerative response to chemically induced cytotoxicity that elicit compensatory cell proliferation; or (2) a regenerative
response not dependent on direct chemical cytotoxicity related to impaired physiological process such as a2u-globulin
nephropathy with associated renal carcinogenesis. Although more common in male rats, kidney tumours were also observed in
female rats and in mice, following TCEP exposure. Neoplasia was also observed in other organs (EU RAR, 2009). Therefore,
the mechanism is not expected to be related to a2u-globulin nephropathy that is specific to male rats (IARC, 1999), but rather to
cytotoxicity with compensatory cell proliferation. It has been suggested that the observations of non-neoplastic lesions in kidney
and other organs may be considered relevant for the assessment of carcinogenicity risks due to TCEP exposure (EU RAR,
20009).

A lowest observed adverse effect level (LOAEL) of 12 mg/kg bw/day has been reported for kidney lesions in chronic oral toxicity
study in mice (NICNAS). The Scl:ddY mice were fed with a commercial diet containing approximately 0.012, 0.06, 0.3, and 1.5
% (equivalent to 12, 60, 300 and 1500 mg/kg bw/day, calculated on an assumed body weight of 20 g and food consumption of
10 % body weight/day) TCEP (purity 98 %) over a period of 18 months (EU RAR, 2009). Hyperplasia and hypertrophy of the
urinary tubule epithelium together with enlarged nuclei, abnormal division, degeneration and necrosis were reported in kidneys
of mice at dose of 12 mg/kg bw/day. However, no quantitative information on frequency of these microscopic findings in the
kidney was reported, and therefore, the adversity of these effects could not be evaluated. Increases in renal cell adenomas and
carcinomas as well as hepatocellular adenomas and carcinomas were reported at two highest does. A LOAEL of 44 mg/kg
bw/day for dose dependent increases in renal tubular hyperplasia and adenomas (increased incidence compared to
experimental and historical controls) was reported in F344/N rats administered TCEP by gavage for five days per week up to
103 weeks (NTP 1991; Matthews et al., 1993; NICNAS). A no observed adverse effect level (NOAEL) was not established in
this study. This LOAEL for histopathological effects in kidneys is supported by a chronic exposure study with increased kidney
weights observed at 44 mg/kg bw/day in female F344/N rats administered with TCEP by gavage for 16 weeks. In two 90-day
oral toxicity studies in rats, a NOAEL of 22 or 22-30 mg/kg bw/day based on increased relative liver and kidney weights were
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reported (NICNAS). With use of an adjustment factor of 3 for use of the LOAEL in place of a NOAEL, these two NOAELs based
on organ weight changes, support the LOAEL of 44 mg/kg bw/day reported for neoplastic adenomas and tubular hyperplasia as
well as organ weight changes. Therefore the LOAEL of 44 mg/kg bw/day is used for the present risk assessment.

Public Risk Characterisation

Methodology

A margin of exposure (MOE) methodology is commonly used to characterise risks to human health associated with exposure to
chemicals (ECB, 2003). The risk characterisation is conducted by comparing quantitative exposure information with a NOAEL
selected from appropriate animal studies and deriving an MOE as follows:

1. Identification of critical health effect(s).

2. ldentification of the most appropriate/reliable NOAEL for the critical health effect(s). If NOAEL was not identified, a LOAEL
can also be used but will require a higher margin of safety.

3. Comparison of the estimated or measured dose or exposure (Dose) with the appropriate/reliable NOAEL to provide an
MOE calculation (MOE = NOAEL (LOAEL)/Dose).

{.  Evaluation as to whether the MOE obtained by this method indicates a health concern for the human population under
consideration, taking into account relevant safety factors.

The MOE provides a measure of the likelihood that a particular adverse health effect will occur under the conditions of exposure.
Higher MOE values indicate lower risk of potential adverse effects. To decide whether the MOE is of sufficient magnitude, expert
judgement is required. Such judgements are usually made on a case-by-case basis, and should take into account uncertainties
arising in the risk assessment process such as the completeness and quality of the database, the nature and severity of effect(s)
and intra/inter species variability. With the interspecies and intraspecies assessment factors of 10, the acceptable MOE for
NOAEL-based assessment is 100 or greater, based on a NOAEL from a 90-day study. If a LOAEL instead of a NOAEL is used,
additional factor of 3 is appropriate (ECETOC, 2003). Therefore, the acceptable MOE for LOAEL-based assessment is 300 or
greater, based on a 90-day study.

In this assessment, the MOE methodology was used for characterising the risks from TCEP exposure due to mouthing of toys
containing TCEP.

Risk estimate related to the mouthing of toys containing TCEP

Based on the exposure estimates from various sources, mouthing of toys containing TCEP is considered the main source of
exposure in infants and toddlers (>90 % of total exposure). As there is currently no reliable way to estimate the exposure intake
via mouthing, the exposure intakes were derived for mouthing using all available and recently used methods: solubility, migration
and ingestion (Table 2). Where relevant, the MOEs were calculated for the estimated average and worst case intakes using the
LOAEL of 44 mg/kg bw/day. The average exposure intake was calculated using the mean exposure duration (estimated
mouthing times for toys as shown in Table 1; enHealth, 2012) while worst case scenario assumed maximal exposure duration
(estimated mouthing times for toys as shown in Table 1 in brackets; enHealth, 2012).

As described above, due to the use of LOAEL instead of NOAEL in the risk evaluation, the acceptable MOE is 300 or greater.
The calculated MOEs for exposure intakes based on ingestion, migration or solubility modelling are shown in tables 4, 5 and 6,
respectively.

Table 4: Calculated MOEs for the average and maximum exposure intakes due to mouthing of toys (ingestion method), using
the LOAEL of 44 mg/kg bw/day established for kidney histopathology. MOEs below 300 are shown in bold font.

Age group LOAEL Ingestion intake MOE

(mg/kg bw/day)
(months) (mg/kg bw/day)
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09/04/2020 Ethanol, 2-chloro-, phosphate (3:1): Human health tier Il assessment

0-3 44 -
3-6 44 0.207
6-9 44 0.177
9-12 44 0.161
Age group LOAEL Ingestion intake
(mg/kg bw/day)
(years) (mg/kg bw/day)
1-2 44 0.130
2-3 44 0.095
3-6 44 0.060

212

249

273

MOE

338

462

738

Table 5: Calculated MOEs for the average and maximum exposure intakes (mg/kg bw/day) due to mouthing of toys (migration

method), using the LOAEL of 44 mg/kg bw/day established for kidney histopathology.

Age group LOAEL Migration Migration MOE (average
(months) (mg/kg average maximal intake)
bw/day) intake intake (mg/kg
bw/day)
(mglkg
bw/day)
0-3 44 0.0002 0.001 220000
3-6 44 0.014 0.077 3142
6-9 44 0.016 0.096 2750

MOE
(maximum
intake)

44000

571

458

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-ii-assessment-fo. ..
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9-12 44
Age group LOAEL
(years) (mg/kg
bw/day)

1-2 44

2-3 44

3-6 44
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0.009 0.025 4889
Migration Migration MOE (average
average maximal intake)
intake intake (mg/kg
bw/day)
(mg/kg
bw/day)
0.005 0.020 8800
0.003 0.029 14667
0.001 0.009 44000

1760

MOE
(maximum
intake)

2200

1517

4889

Table 6: Calculated MOEs for the average and maximum exposure intakes due to mouthing of toys (solubility method), using
the LOAEL of 44 mg/kg bw/day established for kidney histopathology. MOEs below 300 are shown in bold font.

Age group LOAEL
(months) (mg/kg
bw/day)
0-3 44
3-6 44
6-9 44
9-12 44
Age group LOAEL
(years) (mg/kg
bw/day)

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-ii-assessment-fo. ..

Solubility Solubility MOE (average
average maximal intake)
intake intake (mg/kg
bw/day)
(mglkg
bw/day)
0.0015 0.006 29333
0.119 0.657 370
0.141 0.816 312
0.076 0.214 579
Solubility Solubility ma MOE (average
average ximal intake intake)
intake (mg/kg
bw/day)

MOE
(maximum
intake)

7333

67

54

206

MOE
(maximum
intake)
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(mg/kg

bw/day)
1-2 44 0.040 0.170 1100 259
2-3 44 0.023 0.244 1913 180
3-6 44 0.006 0.076 7333 579

In general, the calculated MOEs are highly dependent on the exposure model used to estimate daily TCEP exposure from
mouthing of toys. The solubility method yielded the lowest MOEs that were under 300 for the worst case (maximum) exposure
scenario in children under 3 years old. However, the average exposure estimates for toddlers derived using this model were >20
(average intake) or >120 (maximum intake) times higher than estimated based on biomonitoring data (exposure intake from all
sources and routes) using the reverse dosimetry method. The MOEs derived using reported migration of the TCEP into the
sweat like solution yielded the highest MOEs which were over 300 for average and worst case scenario (maximum) exposure
estimates at all ages. The ingestion model that is based on the assumption of a child ingesting 0.55 g of foam per day due to
intensive mouthing and a release of TCEP from the ingested foam yielded to MOEs under 300 up to the age of 1 year.

Uncertainties in the risk assessment

Uncertainties in any risk characterisation process arise from inadequate information, assumptions made during the process and
variability in experimental conditions. There is a high degree of uncertainty in characterising the risks of TCEP to children.

Exposure

To develop realistic exposure concentrations, TCEP levels in consumer products would need to be paired with experimental
results on the availability of TCEP compound to migrate from these products and enter the body (TERA, 2015). However, this
information is generally unavailable for the chemical. Additionally, all models used contain multiple assumptions due to lack of
TCEP-specific information, such as migration rates to saliva or the information of TCEP concentrations in toys in Australia.
Therefore, while the models are assumed sufficient to support that mouthing is a significant exposure route in young children,
the actual exposure intakes are difficult to estimate.

The assumption that the children will ingest 0.55 g foam per day due to mouthing is likely to be an overestimate and, therefore;
the estimated amount ingested per day is too high. This assumption is based on the estimated 50 g of ingested foam due to
extensive mouthing for 90 days. If density of the foam is estimated to be 0.5 g/cm3, the total volume of foam ingested would be
100 cm?® (10 cm x 10 cm x 1 cm piece). The children's exposure is expected to be prevented by parent interventions. This
conservative amount was used and is highly protective of children at all the age groups considered in this assessment. It was
recently concluded by SCHER that “regarding the ingestion of toy materials by children, further research is required on the
amounts of different toy materials ingested and the frequency with which toy material is ingested” (SCHER, 2016). Similarly, the
intake estimates derived from solubility methods are considered highly conservative. The estimate is based on the assumption
that the amount of TCEP available from the foam remains constant. Given the level of depletion of the chemical in foam at the
assumed level, this would only be possible if the toy was replaced very frequently with a similar toy.

Mouthing of objects containing TCEP, such as changing table pads, infant sleep positioners, portable crib mattresses, and
upholstered furniture may be additional source for TCEP in infants and toddlers (EU RAR, 2008; Danish EPA, 2014) but are not
considered in this assessment. However, the assumptions used for estimation of exposure intake due to mouthing in this
assessment are considered highly conservative overestimates, and therefore expected to cover the additional intake from other
sources than toys.
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Exposure via other potential sources and routes is based on the available information from other agencies and may not be
representative of the Australian population. However, the exposure routes and sources in Australia are expected to be similar to
other countries. These estimates will provide sufficient reference point to compare the extent of potential exposure intake via
mouthing of toys to other exposure sources and routes.

Biomonitoring

Several uncertainties are associated with the estimation of daily intakes based on reverse dosimetry. The suitability of TCEP or
its metabolites BCEP or DCEP for human biomonitoring is uncertain. Additionally, no information is available for the
toxicokinetics of TCEP in humans or for different age groups and as such, estimates were based on experimental rodent
studies. While urine concentrations based on TCEP levels measured in Australian toddlers were used in estimating the intake,
other studies have measured BCEP or DCEP rather than TCEP levels in urine. Applying the generic mean urine volumes is also
uncertain (Environment & Health Canada, 2016). Therefore, in order to derive reliable estimates using reverse dosimetry, further
information would be required on the metabolism and excretion of TCEP in humans.

Hazard

The hazard profile in this assessment is based on the Tier 1l assessment of TCEP conducted by NICNAS. The assessment does
not include full analysis of potential mechanisms of toxicity for TCEP or consider the potential differences between humans and
experimental animals. In general, the kidney tumours are commonly observed following exposure to various chemicals in
rodents (Lock & Hard, 2004). Additionally, data are lacking on the health effects of TCEP in young and/or adult humans following
repeated exposure. The use of LOAEL instead of NOAEL is not preferred, given the uncertainty on the relevance of the TCEP-
induced tumourigenesis to humans as well as the lack of understanding on the possible mode of action. This increases the
uncertainty of the assessment of risk, although this is not as significant a concern given that the LOAEL is from a 2-year study
rather than a 90-day study.

NICNAS Recommendation

The chemical TCEP exposure due to mouthing of polyurethane toys may be a significant exposure route for Australian children,
especially under age of three. Based on experimental evidence, the critical health effects include carcinogenicity, reproductive
toxicity and toxic effects of TCEP on liver, kidney and brain following long term oral exposure (as described in Tier Il Human
Health assessment of TCEP; NICNAS). Due to potential for exposure of children to TCEP via mouthing of toys and the critical
health effects, it is concluded that the presence of TCEP in children’s toys can pose a risk for human health.

However, insufficient information exists to reliably estimate the risk for TCEP-induced health effects due to mouthing of toys.
There are uncertainties in both the exposure and hazard assessments. The calculated MOEs are highly dependent on the
exposure model used to estimate daily TCEP exposure from mouthing of toys and are considered to be overestimates as
supported by the Australian biomonitoring data. As described under Uncertainties in the risk assessment, there is evidence
that the higher exposure estimates are very conservative and are not consistent with biomonitoring evidence. The use of TCEP
is also expected to decline due to international regulations. Therefore, no further risk management is recommended at present.

Advice for consumers

Products containing the chemical should be used according to instructions on the label.

Advice for industry

The advice provided in the human health Tier Il IMAP report remains unchanged, noting that from 1 January 2017, the chemical
classification and labelling is aligned with the Globally Harmonized System of Classification and Labelling of Chemicals (GHS)
and that under the model Work Health and Safety Regulations, chemicals are no longer to be classified under the Approved
Criteria for Classifying Hazardous Substances system.

https://www.nicnas.gov.au/chemical-information/imap-assessments/imap-assessments/tier-ii-human-health/human-health-tier-iii-assessment-fo... 19/24
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A review of the physical hazards of the chemical has not been undertaken as part of this assessment.
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