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AICIS evaluation statement

Subject of the evaluation

2-Ethylhexyl phosphates

Chemicals in this evaluation

Name CAS registry number

Phosphoric acid, tris(2-ethylhexyl) ester 78-42-2
Phosphoric acid, bis(2-ethylhexyl) phenyl ester 16368-97-1
Phosphoric acid, 2-ethylhexyl diphenyl ester 1241-94-7
Phosphoric acid, octyl diphenyl ester 115-88-8

Reason for the evaluation

Evaluation Selection Analysis indicated a potential environmental risk.

Parameters of evaluation

This evaluation considers the environmental risks associated with the industrial uses of the
organophosphate flame retardants and plasticisers tris(2-ethylhexyl) phosphate (TEHP, CAS
RN 78-42-2), bis(2-ethylhexyl) phenyl phosphate (BEHPP, CAS RN 16368-97-1),
2-ethylhexyl diphenyl phosphate (EHDPP, CAS RN 1241-94-7), and octyl diphenyl
phosphate (ODPP, CAS RN 115-88-8). These chemicals are listed on the Australian
Inventory of Industrial Chemicals (the Inventory) and have been assessed for their risks to
the environment according to the following parameters:

e default introduction volume of 100 t/year
e industrial uses listed in the ‘Summary of introduction, use and end use’ section
o expected emission to surface waters and soil due to consumer and commercial uses.

These chemicals have been assessed as a group as they are structurally similar and have
similar use patterns.

The following acronyms have been used in this evaluation:

TEHP (Phosphoric acid, tris(2-ethylhexyl) ester; CAS RN 78-42-2)

BEHPP (Phosphoric acid, bis(2-ethylhexyl) phenyl ester; CAS RN 16368-97-1)
EHDPP (Phosphoric acid, 2-ethylhexyl diphenyl ester; CAS RN 1241-94-7)
ODPP (Phosphoric acid, octyl diphenyl ester; CAS RN 115-88-8).
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Summary of evaluation

Summary of introduction, use and end use

Based on domestic and international use data, chemicals reported in this evaluation may be
used as flame retardants, plasticisers, additives, or lubricating agents in the following
products:

e plastics and polymers such as PVC, polyurethanes, rubber, cellulose-based materials
and resins

adhesives and sealant products

paint and coating products

lubricant and grease products

fabric, textile and leather products

construction products

ink, toner, and colourant products

paper products

photographic products

electronic devices

agricultural products such as fertilisers (TEHP only).

No specific industrial use of the chemical BEHPP has been identified. Available data
indicates that use of the chemical relates to introduction in commercial EHDPP.

There are no specific domestic introduction volume data available for TEHP, BEHPP, or
ODPP. TEHP and EHDPP are used in high volumes (>1,000 tonnes/year) in Europe and/or
the United States of America (USA). The total volume of EHDPP introduced into Australia,
reported under previous mandatory and/or voluntary calls for information, was <100 tonnes
per annum (NICNAS 2016). These chemicals are assumed to be used in Australia for similar
applications to those reported internationally.

Environment

Summary of environmental hazard characteristics

Based on the information presented in this evaluation and according to the environmental
hazard thresholds stated in the Australian Environmental Criteria for Persistent,
Bioaccumulative and/or Toxic Chemicals (DCCEEW n.d.),

TEHP is:
e Persistent (P)
e Bioaccumulative (B)
e Not Toxic (Not T).
Chemicals EHDPP and ODPP are:
¢ Not Persistent (Not P)

e Bioaccumulative (B)
e Toxic (T).
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The chemical BEHPP has been identified as a potentially PBT substance. This
categorisation is based on conservative read across, as no hazard or degradation data are
available for this chemical.

Environmental hazard classification

Chemicals TEHP, EHDPP, and ODPP satisfy the criteria for classification according to the
Globally Harmonized System of Classification and Labelling of Chemicals (GHS) for
environmental hazards as follows (UNECE 2017). This does not consider classification of
physical hazards and health hazards.

Chemicals EHDPP and ODPP are classified:

Environmental Hazard Hazard Category Hazard Statement

Hazardous to the aquatic
environment (long-term)

H410: Very toxic to aquatic life

Aquatic Chronic 1 with long lasting effects

The chemical TEHP is classified:
Environmental Hazard Hazard Category Hazard Statement

Hazardous to the aquatic
environment (long-term)

. . H413: May cause long lasting
AJR@RCNiC 4 harmful effects to aquatic life
Adequate information is not available for the chemical BEHPP, and so a classification has
not been made.

Summary of environmental risk

Chemicals in this evaluation are used as flame retardants, plasticisers, and additives in a
range of industrial and household products and articles. The main expected releases to the
environment are release from articles due to their use as plasticisers and flame retardants or
release from leakages due to their use in hydraulic fluids and lubricants. These releases are
expected to affect surface waters, sediments, and soils, predominately in areas with high
human or industrial activity.

The chemical TEHP is persistent in the environment. Chemicals, EHDPP and ODPP are not
persistent in the environment. All chemicals are bioaccumulative and have the potential to
biomagnify in some food webs. The chemical TEHP is not toxic. These chemicals EHDPP
and ODPP are very toxic to aquatic life with long-lasting effects and may cause endocrine
related effects in fish.

Based on concentrations measured in sewage treatment plant (STP) effluents, sediments,
and soils internationally, TEHP is expected to be present in Australian surface waters,
sediments, and soils at concentrations below levels of concern. As the calculated risk
quotients (RQs) obtained for TEHP in these compartments are less than 1, the industrial use
of TEHP in Australia is not expected to pose a significant risk to the environment.

Based on concentrations measured in STP effluents internationally and screening level
calculations, EDHPP is expected to be present in Australian surface waters and sediments
below levels of concern. As the calculated risk quotients (RQs) obtained for EHDPP in these
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compartments are less than 1, the industrial use of EHDPP in Australia is not expected to
pose a significant risk to the environment.

The environmental risk posed by EHDPP exposure in the soil compartment could not be
determined due to a lack of ecotoxicity data for soil-dwelling organisms.

As ODPP is considered to be a synonym for EHDPP, the risk characterisation of EHDPP is
considered to apply to ODPP.

The chemical BEHPP is conservatively characterised as persistent, bioaccumulative and
toxic according to domestic PBT criteria, based on read across from the other chemicals in
this group. PBT chemicals may become widely dispersed environmental contaminants, with
potential for unpredictable adverse effects on environmental organisms. Therefore, PBT
chemicals are considered to be highly hazardous to the environment. However, while
BEHPP is expected to be present in some imported articles, based on available information it
is unlikely that BEHPP is introduced into Australia for industrial use (except in commercial
EHDPP). If information becomes available to indicate that environmental exposure is
occurring in Australia from introduction and use of this chemical, a further evaluation of the
risks would be required.

Proposed means for managing risk

Inventory listing

To manage the risks to the environment from the introduction and use of BEHPP, the
Inventory listing for Phosphoric acid, bis(2-ethylhexyl) phenyl ester (CAS RN 16368-97-1)
should be varied under Section 86 of the Industrial Chemicals (IC) Act 2019.

Term of listing Details

Obligations to provide information apply.
You must tell the Executive Director the
Specific requirements to provide information volume of introduction, use and end use of
to the Executive Director under Section 101  the chemical within 20 working days if:
of the IC Act
e the chemical is being introduced for
uses other than research and
development.
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Conclusions

The Executive Director proposes to be satisfied that the identified risks to the environment
from the introduction and use of these chemicals can be managed.

However, the risk conclusions for BEHPP were driven by the limited expected introduction
and use of BEHPP in Australia. Given that BEHPP is potentially persistent, bioaccumulative
and toxic (PBT) it is important that the introduction and use of such a potentially highly
hazardous chemical in Australia is known so that the risks can be appropriately managed.
Therefore, a variation to the term of the listing for this chemical, to add a specific requirement
to provide information, is necessary to manage the risks from introduction of the chemical
(see Proposed means of managing risk).

Note:

1. Obligations to report additional information about hazards under Section 100 of the
Industrial Chemicals Act 2019 apply.

2. You should be aware of your obligations under environmental, workplace health and
safety and poisons legislation as adopted by the relevant state or territory
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Supporting information

Grouping rationale

This evaluation considers the environmental risks associated with the industrial uses of
organophosphate triesters of 2-ethylhexanol and phenol. The evaluation of these substances
has been conducted as a group because they are structurally related, and are expected to
have similar use patterns, primarily as flame retardants and plasticisers in plastic, rubber and
resin products. Consequently, all chemicals are expected to have similar environmental
exposure scenarios. Organophosphate flame retardants (OPFRs) were developed to replace
other types of additive flame retardants, such as polybrominated diphenyl esters (PBDES)
(Cristale et al. 2013; Huang et al. 2020; Pakalin et al. 2007).

Tris(2-ethylhexyl) phosphate (TEHP) is a trialkyl phosphate, the triester of 2-ethylhexanol
with phosphoric acid. Bis(2-ethylhexyl) phenyl phosphate (BEHPP) and 2-ethylhexyl diphenyl
phosphate (EHDPP) are mixed alkyl aryl phosphates of 2-ethylhexanol and phenol. BEHPP
and EHDPP are expected to have environmental hazards and physical and chemical
properties that lie in between those of TEHP and triphenyl phosphate. The environmental
risks of triphenyl phosphate have already been assessed (AICIS 2023).

The chemical EHDPP may have been referred to as octyl diphenyl phosphate (ODPP), with
the CAS RN 115-88-8 (NICNAS 2016; UK EA 2009). The term "octyl" is often used to refer to
the 2-ethylhexyl group. In the case of linear octyl groups, the prefix n- is normally used. While
both CAS RNs are listed on the Australian Inventory of Industrial Chemicals (the Inventory),
there is insufficient information to indicate that these represent two uniquely different
chemicals. For this reason, any information available for EHDPP (CAS RN 1241-94-7) is
assumed to apply to octyl diphenyl phosphate (CAS RN 115-88-8). Chemicals EHDPP and
ODPP have been assessed for risks to human health under NICNAS (NICNAS 2016).
However, their risks to the environment have not been assessed in Australia.

The evaluation selection analysis for chemicals in this group indicated a potential concern to
the environment based on high international use volumes for TEHP and EHDPP, potential
persistence characteristics for TEHP, and high ecotoxicity for EHDPP.

Chemical identity

The chemical TEHP is an alkyl phosphate ester where the phosphorus atom is linked to
three 2-ethylhexanol moieties. The chemical is produced from phosphorus oxychloride and
2-ethylhexanol (UNEP IPCS 2000). The chemical is composed of stereoisomers, as the
2-ethylhexyl chain is chiral, and the stereochemistry of the 2-ethylhexyl groups in the
chemical is not specified.

Chemicals BEHPP and EHDPP are mixed alkyl aryl phosphates. In BEHPP, the phosphorus
atom is linked to two 2-ethylhexanol and one phenol group, while in EHDPP, the phosphorus
atom is linked to one 2-ethylhexanol and two phenol moieties. These chemicals BEHPP and
EHDPP are also composed of stereoisomers.

The chemical EHDPP is manufactured by reaction of 2-ethylhexanol with phosphorus
oxychloride to form 2-ethylhexyl phosphoryl dichloride, which is then reacted with sodium
phenate (NCBI n.d.-b). Commercial samples of EHDPP are technical mixtures with reported
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compositions of 90-94.5% EHDPP, 4.7% BEHPP, and 1.5-4% triphenyl phosphate (REACH

n.d.-b; UK EA 20009).

The identity of chemicals reported in this evaluation is detailed below:

Chemical name
CAS RN

Synonyms

Molecular formula
Molecular weight (g/mol)
SMILES (canonical)
Chemical description

Structural formula:

Phosphoric acid, tris(2-ethylhexyl) ester
78-42-2
Tris(2-ethylhexyl) phosphate (TEHP)

Tri(2-ethylhexyl) phosphate
Trioctyl phosphate

C24H5104P
434.6
0=P(OCC(CC)CCCC)(OCC(CC)CCCC)OCC(CC)CCCC

Chemical name
CAS RN

Synonyms

Molecular formula
Molecular weight (g/mol)
SMILES (canonical)

Chemical description

Phosphoric acid, bis(2-ethylhexyl) phenyl ester
16368-97-1

Bis(2-ethylhexyl) phenyl phosphate (BEHPP)
Di(2-ethylhexyl)phenyl phosphate

C22H3904P
398.5

0=P(0C=1C=CC=CC1)(OCC(CC)CCCC)OCC(CC)CCCC
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Structural formula:

Chemical name
CAS RN

Synonyms

Molecular formula
Molecular weight (g/mol)
SMILES (canonical)
Chemical description

Structural formula:

Phosphoric acid, 2-ethylhexyl diphenyl ester
1241-94-7

2-ethylhexyl diphenyl phosphate (EHDPP)

C20H2704P
362.4

0=P(0C=1C=CC=CC1)(0C=2C=CC=CC2)OCC(CC)CCCC
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Chemical name Phosphoric acid, octyl diphenyl ester

CAS RN 115-88-8
Synonyms Octyl diphenyl phosphate (ODPP)
Diphenyl octyl phosphate
Molecular formula C20H2704P
Molecular weight (g/mol) 362.4
SMILES (canonical) -
Chemical description Octyl diphenyl phosphate is assumed to refer to EHDPP.

The term "octyl" is often used to refer to the 2-ethylhexyl
group. In the case of linear octyl groups, the prefix, n-, is
normally used.

Relevant physical and chemical properties

Measured physical and chemical properties for TEHP were obtained from the substance
registration dossier for tris(2-ethylhexyl) phosphate submitted under the Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH) legislation in the European
Union (REACH n.d.-a). Measured physical and chemical properties for EHDPP were
obtained from the REACH dossier for 2-ethylhexyl diphenyl phosphate (REACH n.d.-b), from
the relevant UK Environment Agency risk evaluation report (UK EA 2009), and from the
relevant PubChem compound summary (NCBI n.d.-b). The Henry’s law constants for TEHP
and EHDPP were calculated from experimental vapour pressure and water solubility
endpoints. Other calculated values were estimated using EPI Suite (US EPA 2017).

Chemical TEHP EHDPP

Physical form liquid liquid

Melting point -74°C (exp.) -60°C (exp.)

Boiling point 215°C (decomposition) (exp.)  375°C (decomposition) (exp.)

Vapour pressure 2.3 x 10% Pa (20°C, exp.) 3.4 x 10* Pa (20°C, exp.,
extrapolated from data at
150-250°C)

Water solubility 0.14 ug/L (20°C, exp.) 50.6 ug/L (23.5°C, exp.)

Henry’s law constant 70 Pa-m*/mol (calc.) 2.4 Pa-m®mol (calc.)

lonisable in the No No

environment?

log Kow 9.06 (25°C, calc., adjusted from 5.87 (25°C, exp.)
EHDPP)

log Koc 2.5 x 10° L/kg (calc., MCI 3.2 x 10* L/kg (calc., MCI
method) method)
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Chemicals TEHP and EHDPP are very slightly to slightly volatile liquids. They are very
slightly soluble in water. They are expected to be moderately volatile from water.

The physicochemical properties of BEHPP are expected to fall between the properties of
TEHP and EHDPRP listed in the table above.

A log Kow value of 7.47 was estimated for BEHPP. The measured and calculated log Kow
values for these chemicals reported in this evaluation indicate that these chemicals are very
lipophilic. The calculation of the log Kow values for TEHP and BEHPP were adjusted to the
experimental log Kow for EHDPP using the experimental value adjustment option in EPI
Suite (US EPA 2017).

Introduction and use

Australia

No specific Australian introduction use and end use information has been identified for
TEHP, BEHPP and ODPP.

For EHDPP, the following Australian industrial uses were reported under previous mandatory
and/or voluntary calls for information. The chemical EHDPP has reported commercial use as
a substance for softening materials to improve the feel, to facilitate finishing processes or to
impart flexibility or workability. This includes use as a plasticiser and devulcanising agent.
The total volume introduced into Australia, reported under previous mandatory and/or
voluntary calls for information, was <100 tonnes per annum (NICNAS 2016).

Chemicals reported in this evaluation are expected to be introduced into Australia in imported
articles. Release from articles is expected to contribute to environmental levels of these
chemicals in Australia.

Chemicals TEHP and EHDPP have been detected in house dust and air in several Australian
capital cities (He et al. 2018b; Huang et al. 2020), in car dust (Harrad et al. 2016), and in
human urine (He et al. 2018a), confirming their presence in Australia.

International

Available information indicates that chemicals reported in this evaluation are used mainly as
flame retardants, plasticisers, and lubricating agents in a range of products worldwide.

Chemicals TEHP and EHDPP are used as plasticisers and flame retardants in a wide range
of polymers and rubbers (NCBI n.d.-a; n.d.-b; UK EA 2009; UNEP IPCS 2000; Valtris
Specialty Chemicals n.d.). These polymers include:

flexible polyvinyl chloride
polyurethanes

styrene butadiene rubber
nitrile butadiene rubber
cellulose nitrate
cellulose acetate.

Chemicals TEHP and EHDPP have a variety of non-polymer end uses (NICNAS 2016;
REACH n.d.-a; n.d.-b; UK EA 2009; US EPA n.d.). These end uses include:
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lubricants and greases, particularly hydraulic fluids and metal working fluids
adhesives and sealants

paint and coating products, including thinners and removers

construction products

ink, toner, and colourant products

fabric, textile and leather products

paper products

photographic products.

In the USA and Europe, TEHP has a reported use as an adjuvant in agricultural products,
both pesticidal (non-industrial use) and non-pesticidal (industrial use) (Nordic Council of
Ministers n.d.; REACH n.d.-a; US EPA n.d.).

Chemicals TEHP, BEHPP and EHDPP may be present in articles made from plastic, rubber,
fabric, and paper materials (Li et al. 2019b; REACH n.d.-a; UK EA 2009; US EPA n.d.; Valtris
Specialty Chemicals n.d.; Zhang et al. 2019). These articles include:

electronic devices

wires and cables

conveyor belts

products made from hard or soft plastics
furniture

foam seating

bedding products

leather products

photo films

packaging, including food packaging.

Chemicals TEHP and EHDPP are each registered under REACH for use in the European
Economic Area at 1,000-10,000 tonnes annually (ECHA 2020). The annual use volume for
each of these chemicals was 453-9,072 tonnes in the USA in 2012-2019 (US EPA n.d.).
Varying use volumes have been reported for TEHP and EHDPP in the Nordic European
countries (Norway, Sweden, Finland, and Denmark). The use volumes range from < 0.1-
8,489 tonnes per year per country from years 2000-2020 for TEHP (with typical volumes
<100 t), and < 0.1-282 tonnes per year per country from years 2000-2020 for EHDPP
(Nordic Council of Ministers n.d.).

No specific industrial use of the chemical BEHPP has been identified. Reported introductions
of BEHPP appear to be incidental to the introduction of other phosphate esters. The
chemical is not registered under REACH for use in the European Economic Area.
Additionally, each of the Nordic countries has reported comparatively low introduction
volumes of < 0.5 tonnes per year (Nordic Council of Ministers n.d.). In the USA, reported
information in the Chemical Data Reporting (CDR) data suggests that BEHPP introduction is
related to the introduction of EHDPP (US EPA n.d.).

Existing Australian regulatory controls

Environment

The use of these chemicals in this group is not subject to any specific national environmental
regulations.
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International regulatory status

United Nations

Chemicals reported in this evaluation are not currently identified as persistent organic
pollutants (POPs) (UNEP 2001), ozone depleting substances (UNEP 1987), or hazardous
substances for the purpose of international trade (UNEP & FAO 1998).

OECD

Chemicals TEHP are EHDPP are listed as OECD High Production Volume (HPV) chemicals
(OECD n.d.). The substances have not been sponsored for assessment yet.

Environmental exposure

Chemicals reported in this evaluation are expected to be released to the environment
through diffuse emissions from imported articles and from point source emissions such as
manufacturing plants, sewage treatment plants (STPs), e-waste recycling facilities and
landfills.

Diffuse emissions from articles are expected to be a major source of releases to the
environment for chemicals reported in this evaluation (OECD 2011). These chemicals occur
in articles as additive flame retardants and plasticisers. They are not chemically bound to the
polymer matrix in which they are blended. Emissions of these chemicals to the environment
are expected from the migration of these chemicals onto the surface of rubber and plastic
articles as well as from abrasion and wear of these articles during their normal use (Lassen
1999; Regnery and Puttmann 2010). These emissions may occur to air, water, and soil.
Leaching of these chemicals may occur from plastic products and microplastics to the
surrounding environment (Schmidt et al. 2021; van der Veen and de Boer 2012).

Emissions to air are expected to be in the form of dust particles, which are commonly
detected in indoor settings such as houses and cars (Harrad et al. 2016; He et al. 2018b;
Huang et al. 2020). Dust may reach the environment through ventilation, flushing of dust
particles collected during wet cleaning and disposal of vacuum cleaner dust (Marklund et al.
2003), thus contributing to emissions of these chemicals to air, wastewaters, and soil. Diffuse
emissions of these chemicals in this evaluation to the aquatic environment may also occur
from laundering of treated fabrics.

Point emission sources of chemicals reported in this evaluation may include wastewater
treatment plants, e-waste and paper recycling facilities, landfills, and contaminated biosolids.
However, these chemicals may enter the environment from industrial activities such as the
manufacture and recycling of plastic articles that contain these chemicals. These emissions
may contribute to levels of the chemical in air, wastewaters, and soil nearby areas of
manufacture, waste processing or recycling (Li et al. 2019b; Wang et al. 2018).

Depending on the degradation and partitioning processes in STPs, these chemicals in
wastewater entering STPs may be emitted to the air compartment, to rivers or oceans in
treated effluent, or to soil through application of biosolids to agricultural land (Struijs 1996).

Release of TEHP and EHDPP to air and soil may also occur through leakages and
emissions of lubricants and hydraulic fluids from hydraulic machinery and aircraft (Li et al.
2019c).
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Environmental fate
Partitioning

Chemicals in this group are expected to primarily partition to sediment and soil when
released into the environment. They may also be present in air, where they will partially
adsorb to particulate matter.

These chemicals are neutral organic chemicals with a very low water solubility. Estimated
Henry’s Law constants (9.3—70 Pa m3/mol) indicate that these chemicals will be moderately
volatile from water and moist soil. They are lipophilic chemicals (log Kow = 5.87-9.06) with
high estimated soil adsorption coefficients (log Koc = 4.51-6.40) (US EPA 2017) that indicate
they will be immobile in different types of soil and preferentially adsorb to phases in the
environment with high organic carbon content (including sediment and soil).

In aquatic environments, chemicals in this group are expected to partition significantly to
sediments. Releases to wastewater streams are treated at STPs, where these chemicals will
preferentially partition to biosolids, releasing a minor proportion in effluent. Release to the
soil compartment will likely occur through application of STP biosolids residues to land,
through the use of agricultural products, or through the operation of hydraulic machinery.
Releases to soil are expected to remain in soil.

If chemicals in this group undergo hydrolysis and lose an ethylhexyl or phenyl group, the
corresponding phosphate diester degradants are expected to be chemicals with much higher
water solubility and higher propensity to partition to or remain in the water compartment.

Degradation

Based on available evidence, chemicals EHDPP and ODPP are not expected to be
persistent in the environment, but the chemical TEHP is expected to be persistent in water
and soil. No data on the abiotic and biotic degradation of BEHPP in water, sediment, or soil
are available. The chemical BEHPP is conservatively assumed to be persistent in these
compartments based on the persistence of the related chemical TEHP.

Hydrolysis is not expected to be a significant degradation pathway for these chemicals in
aqueous conditions. In a preliminary hydrolysis test the chemical TEHP was found to be
hydrolytically stable in sterile aqueous solutions at 50°C at pH 4-9 (REACH n.d.-a). In
another study, no degradation of TEHP was observed after 35 days at 20°C at pH 7 and
pH 9 (Su et al. 2016). Based on these studies, TEHP is not expected to undergo abiotic
hydrolysis in water under environmentally relevant conditions. The hydrolysis of EHDPP is
slow in water at pH 4-7 (half-lives > 100 days). Half-lives > 41 days (25°C) and

130 days (20°C) were estimated at pH 9 (REACH n.d.-b; Su et al. 2016).

These chemicals may undergo photodegradation upon exposure to sunlight. Photolysis
half-lives of 0.93-3.50 days were measured for TEHP at pH 4-9 (21°C) in an OECD TG 319
study (REACH n.d.-a). The degradation products 2-ethylhexanol and 2-ethylhexanoic acid
were identified. Rapid photodegradation of EHDPP was observed in deionised or river water
upon exposure to simulated or natural sunlight, with reported half-lives of approximately

2 hours. Photodegradation half-lives of 6-7 h were observed for TEHP in the same study,
likely via indirect photolysis or photosensitisation. The simultaneous presence of nine
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organophosphate esters in solution may have influenced the photodegradation processes
observed in this study for TEHP and EHDPP (Cristale et al. 2017).

Biodegradation studies indicate that TEHP is not readily biodegradable in water. Ultimate
degradation did not exceed 14% after 28 days in multiple OECD TG 301 ready
biodegradability tests (REACH n.d.-a). Higher degradation rates have been observed for
TEHP in inherent biodegradation and primary degradation tests. However, the reliability of
these studies is uncertain. The degradation of TEHP at an initial concentration of 1 mg/L
reached 32-73% in 14 to 15 days in river and seawater from the Osaka area, Japan, based
on a colorimetric analysis of phosphate ion concentrations (Hattori et al. 1981; UNEP IPCS
2000). Approximately 45% primary degradation of TEHP was observed in an activated
sludge test (Ishikawa et al. 1985). In another activated sludge test where TEHP was
continuously added at a rate of 3 mg/L per 24-hour cycle, the equilibrium removal rate of
TEHP was 20+8% after 34 weeks (Saeger et al. 1979).

The chemical EHDPP is readily biodegradable in water. The ultimate degradation of EHDPP
reached 65-80% after 28 days in multiple OECD TG 301 ready biodegradability tests, as
measured by CO; evolution or biological oxygen demand (REACH n.d.-b; UK EA 2009). The
10 day window was met in these tests.

The chemical EHDPP is not expected to be persistent in freshwater sediments. A primary
degradation half-life of approximately 5 days was estimated for EHDPP in pond and river
sediment from the Winnipeg area, USA. In aerobic conditions, the primary degradation
reached 98% after 64 days at 20°C as measured using a '“C-radiolabelled sample. The
results suggested that the degradation of EHDPP was characterised by slow oxidation of the
parent compound and rapid transformation of the resulting polar products (Muir et al. 1989;
UK EA 2009). A study of the degradation of TEHP and EHDPP in coastal sediments
suggests that these chemicals are not persistent in this compartment. Primary degradation
half-lives of 47 and 34 days, respectively, were estimated for TEHP and EHDPP in biotic
conditions in coastal sediment collected at the outlet of the Marseille STP, France (Castro-
Jiménez et al. 2022). A significant decrease in TEHP concentrations was observed from raw
STP biosolids to anaerobically digested biosolids, suggesting that anaerobic degradation of
the chemical occurred during the digestion treatment (Castro et al. 2023).

The chemical TEHP is expected to be persistent in soils. A mean half-life of 769 days in soll
at 12°C (436-1,620 days depending on the type of soil) was estimated by radiochemical
measurement of a '“C-labelled sample in an OECD TG 307 test (REACH n.d.-a).

The chemical EHDPP is not expected to be persistent in soils. A non-guideline soil
degradation study with EHDPP using sandy loam and clay loam soils revealed primary
degradation half-lives of 23-58 days (UK EA 2009).

These chemicals are expected to degrade in the atmosphere through reaction with
photogenerated hydroxyl radicals in the gas phase. However, the rate of this degradation
may be significantly reduced by the adsorption of these chemicals to particles in the air.
Calculations performed assuming a typical hydroxyl radical concentration of

1.5 x 10° molecules/cm? and 12 hours of sunlight per day resulted in half-lives of 1.3 h for
TEHP, 1.9 h for BEHPP and 3.2 h for EHDPP in the atmosphere in the gas phase (US EPA
2017). While EHDPP may be present in both the gas and particle phase in air, a major
fraction of TEHP (87-100%) is expected to be sorbed to airborne particulates (Suhring et al.
2016b; US EPA 2017). When TEHP and EHDPP were deposited on (NH4).SO4 particles,
their half-lives are estimated to increase to 1.9—4.6 days for TEHP and 4.5-11.0 days for
EHDPP (Liu et al. 2019; Liu et al. 2014).
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The primary degradants of TEHP, BEHPP, and EHDPP are expected to be the phosphate
diesters bis(2-ethylhexyl) phosphate (CAS RN 298-07-7), diphenyl phosphate

(CAS RN 838-85-7), and 2-ethylhexyl phenyl phosphate (CAS RN 20403-99-0). These
phosphate diesters are not expected to be persistent in the environment. Bis(2-ethylhexyl)
phosphate is readily biodegradable (REACH n.d.-c). Ready biodegradability data for triphenyl
phosphate suggests that diphenyl phosphate is also readily biodegradable (AICIS 2023). The
degradant 2-ethylhexyl phenyl phosphate is assumed to be readily biodegradable based on
read across with bis(2-ethylhexyl) phosphate and diphenyl phosphate. 2-Ethylhexyl phenyl
phosphate was detected in relatively high concentrations (0.168—-2.12 ug/L) in influents at
nine STPs in Europe (Been et al. 2017; Been et al. 2018). Chemicals TEHP, BEHPP, and
EHDPP are also expected to be metabolised into other substances in some living organisms.
For example, the hydroxylated product 2-ethyl-5-hydroxyhexyl diphenyl phosphate (5-OH-
EHDPP) was identified as the major metabolite of EHDPP in zebrafish and medaka (Li et al.
2020; Yang et al. 2023a). Mono-hydroxylated metabolites of EHDPP were detected at 2.6—
7.3 ng/L in European STP influents in the studies by Been et al. (Been et al. 2017; Been et
al. 2018). The diester 2-ethylhexyl phenyl phosphate and the hydroxylated derivatives of
EHDPP and BEHPP do not have reported industrial uses, so their presence in wastewaters
is likely due to degradation or metabolism of EHDPP and BEHPP.

Bioaccumulation

Chemicals reported in this evaluation are bioaccumulative and have the potential to
biomagnify in some food webs.

These chemicals are lipophilic compounds with high octanol-water partition coefficients. The
log Kow of 5.87-9.06 for these chemicals are above the domestic threshold for categorisation
and indicate a potential to bioaccumulate in aquatic organisms.

Laboratory bioconcentration studies

Measured bioconcentration factors (BCFs) for the accumulation TEHP and EHDPP in fish
through the respiring medium (water) are below the domestic threshold of 2,000 L/kg for
categorisation. However, for very poorly soluble and highly hydrophobic chemicals such as
TEHP and EHDPP, BCFs are not a reliable indicator of bioaccumulation due to the limited
exposure and bioavailability throughout the water column. Dietary exposure is expected to be
a more environmentally relevant exposure pathway.

The highest BCF values observed upon exposure of fish to TEHP were 149-528 L/kg ww for
common carp (Cyprinus carpio) (OECD TG 305, kinetic BCF) (Bekele et al. 2018). For
EHDPP, the highest bioconcentration from water was measured in bluegill fish (Lepomis
macrochirus), with a BCF of 9341152 L/kg ww (ASTM test guideline, steady-state BCF)
(REACH n.d.-b). A BCF of 854 L/kg ww for EHDPP was measured in the marine mussel
Mytilus galloprovincialis (kinetic BCF) (Mata et al. 2022).

Field bioaccumulation studies

Field studies examined the bioaccumulation factors (BAFs) and biota-sediment accumulation
factors (BSAFs) of TEHP and EHDPP in multiple aquatic organisms. In the field, aquatic
organisms may be exposed to pollutants through diet as well as through the respiring
medium. Both exposure pathways (aqueous and dietary) may contribute to the observed
BAFs and BSAFs. A substance is considered bioaccumulative if it has a BAF > 2,000 (EPHC
2009). For BSAF endpoints, a domestic threshold is not available. The ECHA guidance on
PBT and vPvB assessments advises that lipid- and organic carbon-normalised BSAF values
of 0.5 and above are an indication of high bioaccumulation (ECHA 2023). Field studies have
found a wide range of BAFs and BSAFs for TEHP and EHDPP, suggesting that the potential
for these chemicals to bioaccumulate in aquatic organisms depends on the species and on
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the environmental conditions. In some of the literature, field BAFs have been incorrectly
reported as BCFs. These are correctly reported as BAFs below.

For TEHP, BAFs exceeding the 2,000 L/kg threshold have been reported in multiple studies.
BAF values ranging from 2,138-155,000 L/kg based on wet weight (ww) concentrations in
biota have been measured in marine and freshwater environments. The sampled organisms
included phytoplankton, zooplankton, invertebrates (for example, crab, shrimp, oysters),
coral, benthic fish, and pelagic fish. The sampling locations included the Bay of Marseille in
the Mediterranean, the Pearl River estuary, coral reefs in the South China Sea, Laizhou Bay,
Taihu Lake, and freshwaters around Beijing in China (Bekele et al. 2019; Ding et al. 2020;
Hou et al. 2017; Kang et al. 2023; Schmidt et al. 2021; Wang et al. 2019; Xie et al. 2022). In
other studies, some or all of the BAFs for TEHP were below 2,000 L/kg (Bekele et al. 2019;
Huang et al. 2023; Kang et al. 2023; Liu et al. 2019a; Peng et al. 2021; Zhang et al. 2023).
Regarding accumulation of TEHP from sediments to biota, most of the reported BSAFs are
below 0.5 (Bekele et al. 2019; Huang et al. 2023; Liu et al. 2019a; Xie et al. 2022). However,
BSAFs of 0.72—2.6 were measured for oriental river prawn, crucian carp, and snakehead fish
from a pond containing e-wastes in South China (Liu et al. 2019a). A mean BSAF of 1.83
was also observed in three species of freshwater fish from the Beiyum river system in
Beijing, China (Hou et al. 2017).

For EHDPP, a BAF of 52,857 L/kg was estimated from literature data for Atlantic cod in the
Arctic Ocean (Fu et al. 2021). High BAFs of 6,100-24,300 have been measured in
zooplankton from the Bay of Marseille in the Mediterranean (Schmidt et al. 2021). BAF
values of 1,400-19,000 and 12.6-5,012, respectively, were observed in a range of
freshwater organisms from Taihu Lake and marine animals from Laizhou Bay in China
(Bekele et al. 2019; Wang X et al. 2019). In some other field studies, BAFs were below the
2,000 L/kg threshold (Grung et al. 2021; He et al. 2023; Hou et al. 2017; Huang et al. 2023;
Liu et al. 2019a; Peng et al. 2021; Zhang et al. 2023). High BSAF values of 0.70-54 have
been measured for the sediment to biota accumulation of EHDPP in benthic fish and
invertebrates, including sea snails, shrimp and crabs, in the Pearl River estuary and the
Bohai Sea in China (He et al. 2023; Huang et al. 2023; Xie et al. 2022). A few studies
determined BSAF values below 0.5 for EHDPP (Bekele et al. 2019; Hou et al. 2017; Liu et al.
2019a).

Field biomagnification studies

Evidence of biomagnification of TEHP and EHDPP in some food webs and between
predator—prey and insect—host plant pairs was obtained from field monitoring studies. For
TEHP, a biomagnification factor (BMF) of 2.8 was observed from grass to the grasshopper
larvae (Liu Y-E et al. 2021). Trophic magnification of TEHP was identified for 19 species of
invertebrates and fish in a marine food chain in Laizhou Bay, China, with a trophic
magnification factor (TMF) of 2.52 (p < 0.05, trophic levels ranging from 2 to 4) (Bekele et al.
2019). A TMF of 2.88 (p = 0.039) was reported for the food web of the East Asian finless
porpoise. However, the species included in the determination of this TMF are not clearly
reported, and the calculated trophic levels may not be representative of an actual food chain
(Chen et al. 2024a). Other studies report trophic dilution of TEHP, with a TMF of 0.1 (p =
0.006) in a marine food web in Bohai Bay, China (He et al. 2023), and BMFs of 0.39 for
snail-biofilm (Zhang et al. 2023), 0.17 for Chinese water snake—common carp (Liu Y-E et al.
2019b), and 0.31 for moth larvae—guava (Liu et al. 2021). In some field studies, the detection
of TEHP was too infrequent to determine reliable BMF values (Hallanger et al. 2015; Strobel
et al. 2018). In others, the TMF calculations were unreliable because the concentrations of
TEHP in biota were not statistically significantly correlated to trophic level (Chen et al. 2024a;
Ding et al. 2020; He et al. 2023; Huang et al. 2023; Kim et al. 2011; Wang et al. 2023b;
Wang et al. 2022).
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For EHDPP, evidence of biomagnification was found in the bald eagle-Great Lakes trout and
snail-biofilm pairs, with BMFs of 4 and 2.5, respectively (Guo et al. 2018; Zhang et al. 2023).
Trophic magnification of EHDPP was observed in a food web of freshwater fish in Taihu
Lake, China, with a TMF of 3.6 (p < 0.05) (Wang et al. 2019). Trophic dilution was reported in
marine food webs of the Bohai Sea (He et al. 2023). In other cases, no significant correlation
between trophic levels and concentrations in biota were found (Bekele et al. 2019; Brandsma
et al. 2015; Huang et al. 2023; Kim et al. 2011; Wang et al. 2023b; Xie et al. 2022; Zhao et
al. 2018). In some trophic studies, only the muscle tissues of fish were analysed for
contaminants (Ding et al. 2020; He et al. 2023; Zhao et al. 2018). In these cases, the body
burden in fish is likely to be underestimated because TEHP and EHDPP are expected to
accumulate predominantly in fatty tissues. The trophic magnification may not be accurately
estimated in these studies.

Maternal transfer

Maternal transfer of TEHP and EHDPP was demonstrated between fish and water snakes
and their offspring. After exposure of female Japanese medaka fish to EHDPP for four weeks
and mating with unexposed males, higher concentrations of EHDPP were observed in the
fish embryos (up to 4,825 ng/g Iw) than in the exposed females (up to 4,166 ng/g Iw) (Li et al.
2021). Eggs of the Chinese water snake Enhydris chinensis were collected from the belly of
the snakes. Chemicals EHDPP and TEHP were present in the eggs at higher concentrations
than in the muscle of the adult snakes. The concentrations of TEHP in snake eggs and
muscle were 0.11 and 0.014 ng/g ww, respectively. EHDPP was present in the snake eggs
at 0.61 ng/g ww and was below the limit of quantification of 0.45 ng/g ww in the snake
muscle (Liu et al. 2019b).

Chemicals TEHP and EHDPP have been found in eggs of eagles, gulls, starlings, guillemots,
European shags, eiders, and hens, at maximal concentrations ranging from 0.83-25 ng/g ww
(Greaves and Letcher 2014; Guo et al. 2018; Hallanger et al. 2015; Huber et al. 2015; Lu et
al. 2017; Zheng et al. 2016). Maternal transfer is the most likely pathway for the detection of
these chemicals in bird eggs.

TEHP and EHDPP residues in animals and plants

The scientific literature reports measurable amounts of chemicals TEHP and EHDPP in a
wide range of animal and plant species all over the world (Ding et al. 2020; Garcia-Garin et
al. 2020; Giulivo et al. 2017; Greaves and Letcher 2014; He et al. 2023; Hou et al. 2017;
Huang et al. 2023; Kang et al. 2023; Liu et al. 2019a; Liu et al. 2021; Papachlimitzou et al.
2015; Santin et al. 2016; Verreault et al. 2018).

The chemical TEHP has been found in fish, invertebrates, and mammals, with mean
concentrations up to 2,838 ng/g Iw in marine fish from Manila Bay (Philippines) and from
Liaodong Bay (China), 5,961 ng/g Iw in aquatic invertebrates from Liaodong Bay, and

629 ng/g Iw in dolphins from the Southwestern Indian Ocean (Aznar-Alemany et al. 2019;
Kim et al. 2011; Wang et al. 2023b). The chemical TEHP also occurs in plankton and plants,
at maximum concentrations reaching 365 ng/g dw in zooplankton from the Bay of Marseille
and 190 ng/g dw in pondweed from a reference lake in a rural area in Norway (Grung et al.
2021; Schmidt et al. 2021). The chemical TEHP has been detected in Arctic seabirds and in
chickens and ducks from a Chinese farm at concentrations up to 13.9 ng/g Iw (Hallanger et
al. 2015; Ma et al. 2013).

The chemical EHDPP has been found in plants, plankton, fish, invertebrates, birds, and
marine mammals. Mean concentrations up to 1,647 ng/g lw in Atlantic cod in the Arctic,
627 ng/g Iw in Mantis shrimp from Liaodong Bay, 396 ng/g Iw in kittiwake and eider from the
Arctic, and 145 ng/g lw in dolphins from the Mediterranean have been measured (Evenset et
al. 2009; Sala et al. 2019; Wang et al. 2023b). The highest reported concentration of EHDPP
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is 14,000 ng/g lw in eelpout fish from the Swedish coast (Sundkvist et al. 2010). Significant
residues of EHDPP have also been found in zooplankton from the Bay of Marseille and in
mangrove trees from the Qi'ao Island Mangrove Nature Reserve in China, with maximum
concentrations of 697 and 92 ng/g dw, respectively (Schmidt et al. 2021; Xie et al. 2022).

Most monitoring studies in biota do not screen for the chemical BEHPP. However, Li and
co-workers analysed BEHPP in fish from Zhushan Bay, Taihu Lake in China. The chemical
was found in 4 out of 5 species of fish, at a mean concentration of 0.023 ng/g ww (not
detected — 0.22 ng/g ww). The mean concentration of BEHPP was higher than the TEHP
concentration and in the same order as the EHDPP concentration in this study (Li et al.
2022d). BEHPP was found in samples of fish and mussels from the Swedish and German
environmental specimen banks (Haglund 2022). The concentrations of BEHPP in these
samples were lower than the concentrations of EDHPP.

Other considerations

No bioaccumulation data were identified for BEHPP. The chemical is assumed to be
bioaccumulative based on estimated log Kow = 7.47 and read across from TEHP and
EHDPP.

The phosphate diester degradants of chemicals reported in this evaluation are not expected
to be bioaccumulative. The measured or calculated log Kow of these degradants are below
4.2 (AICIS 2023; REACH n.d.-c; US EPA 2017). Other degradants and metabolites of
chemicals reported in this evaluation may be bioaccumulative. Hydroxylation is a common
metabolic pathway for organophosphate esters in various organisms. For example, the
chemical 2-ethyl-5-hydroxyhexyl diphenyl phosphate (5-OH-EHDPP) has been identified as a
metabolite of EHDPP in snakes, fish and plants (Liu et al. 2019b; Yang et al. 2023a; Yu et al.
2023). The metabolite 5-OH-EHDPP has a calculated log Kow of 4.73 (US EPA 2017), and it
has been detected in eggs collected from the belly of water snakes (Liu et al. 2019b).
Similarly, mono-hydroxylated metabolites of BEHPP and TEHP are expected to have log Kow
exceeding the threshold for categorisation as Bioaccumulative.

Environmental transport

Chemicals reported in this evaluation may undergo long range transport. Chemicals TEHP
and EHDPP have been identified in remote environmental areas in air, surface water,
sediment, soil, and biota samples. However, some monitoring studies in remote regions have
been complicated by potential local contamination sources.

In the air compartment, lipophilic organophosphorus flame retardants such as TEHP and
EHDPP are likely adsorbed to airborne particles (Suhring et al. 2016b; Wolschke et al. 2016).
They have been found in the particulate phase of both urban and marine air (Castro-Jiménez
et al. 2016; Chen et al. 2020; Mdller et al. 2012; Shoeib et al. 2014). Substances that are
adsorbed to particles may be more resistant to degradation, which results in an increased
atmospheric half-life and increased potential for long range transport. The half-lives of TEHP
and EHDPRP in air are estimated to increase from 1.3 h and 3.2 h in the gas phase to 1.9-4.6
days and 4.5-11 days when deposited onto ammonium sulfate particles (Liu et al. 2019; Liu
et al. 2014; US EPA 2017).

Chemicals TEHP and EHDPP have been detected in polar regions and other remote areas.
For TEHP, maximal concentrations of 17.6 pg/m? in Antarctica, 194 pg/m? in the Arctic, and
350-890 pg/m? in the Atlantic, Indian, and Pacific Oceans have been measured in air
(Castro-Jiménez et al. 2016; Han et al. 2020; Li et al. 2022¢; Moller et al. 2012; Na et al.
2020; Wang et al. 2020). For EHDPP, the concentrations in air reach up to 80 pg/m? in
Antarctica, 298 pg/m? in the Arctic, 630—1,730 pg/m? in the Atlantic, Indian, and Pacific
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Oceans (Castro-Jiménez et al. 2016; Han et al. 2020; Li et al. 2022e; Salamova et al. 2014;
Sihring et al. 2016a; Wang et al. 2020).

In the water compartment, TEHP has been detected in concentrations ranging from 1.4 to
81.6 ng/L in lake and seawater samples from the Fildes Peninsula in Antarctica (Gao et al.
2018; Li et al. 2023), <0.013—-13 ng/L in the Canadian Arctic (Sihring et al. 2021), and
<0.05-106 ng/L in the South Pacific (Li et al. 2023). Notably, the concentrations of TEHP in
Antarctic and Pacific waters exceed the typical TEHP concentrations measured in rivers and
coastal areas close to human settlements. Low concentrations of the chemical EHDPP
(<0.001-7 ng/L) have been measured in Antarctic and Arctic waters (Gao et al. 2018; Gao et
al. 2020; McDonough et al. 2018; Suhring et al. 2021).

Chemicals TEHP and EHDPP were found in sediments of the Eastern Indian Ocean, at
depths exceeding 4,000 m, at concentrations 0.14-5.8 and 0.17—-0.74 pg/kg dw, respectively
(Cong et al. 2022). Similar levels (<0.002-0.87 pg/kg dw) were measured for EHDPP in
sediments from Arctic locations (Evenset et al. 2018; Gao et al. 2020; Suhring et al. 2021).
The chemical EHDPP was also detected in soil samples from the Svalbard area in the Arctic,
with a mean concentration of 0.87 ug/kg dw (Han et al. 2020).

Chemicals TEHP and EHDPP have been found in fish, birds, ringed seals, and Arctic foxes
in the Arctic and in background lakes in Sweden (Evenset et al. 2009; Hallanger et al. 2015;
Sundkvist et al. 2010; Verreault et al. 2018). The chemical TEHP has also been detected in
polar bears (Letcher et al. 2018; Strobel et al. 2018). While TEHP has only been measured
at low concentrations in Arctic animals, high concentrations of EHDPP have been observed,
reaching 651 ng/g Iw in bird livers and 3,200 ng/g Iw in fish (Evenset et al. 2009). In Antarctic
and Arctic locations, a correlation was observed between the detection of TEHP in water
samples and biological activities (seabird colonies and areas affected by bird droppings and
penguin and seal faeces), suggesting that TEHP may be transported by biota (Gao et al.
2018; Suhring et al. 2021).

The use of TEHP and EHDPP in plastics can interfere with their measurements in
environmental samples due to their presence in laboratory and sampling equipment (Fu et al.
2020). These chemicals have been excluded from some studies because they were detected
in procedural or field blanks (Fu et al. 2020; Li R et al. 2023; Na et al. 2020). The detection of
TEHP and EHDPP in some remote areas may also be due to local human activities rather
than long-range transport. Some studies reported higher concentrations at or near
settlements, harbours, or airports, suggesting that these chemicals originate primarily from
local sources (Evenset et al. 2018; Gao et al. 2018; Gao et al. 2020; Han et al. 2020; Sihring
et al. 2016a). However, the detection of these chemicals in marine air and sediments, far
from significant human activities, supports their ability to undergo long-range transport
(Castro-Jiménez et al. 2016; Cong et al. 2022).

Predicted environmental concentration (PEC)

The PECs for TEHP and EHDPP have been selected based on environmental monitoring of
these chemicals in STP and surface waters, soil, and sediments in Australia and
internationally. The PECs for TEHP are 10 ng/L in surface water, 530 ug/kg dw in sediment,
and 93 ug/kg dw in soil. The PECs for EHDPP are 22 ng/L in surface water, 64 ug/kg dw in
sediment, and 51 ug/kg dw in soil.

Monitoring data for BEHPP in the Australian environment are not available. The chemical is
rarely analysed in monitoring studies internationally, although it was detected in sediments,
soils and air in China when it was analysed (Gong et al. 2021; Ye et al. 2021; Ye and Su
2022; Zhao et al. 2023).
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Surface water PECs of 10 ng/L and 22 ng/L were selected for TEHP and EHDPP,
respectively, based on measured effluent concentrations in STPs internationally. These
values are supported by Australian studies showing no TEHP or EHDPP in Australian STP
effluent up to limits of detection. Additionally, surface water concentrations measured
internationally are typically below these levels.

Chemicals TEHP and EHDPP were analysed in STP influents and effluents in 22 locations
across all Australian states and territories except Western Australia (DAWE 2022). In STP
influents sampled in 2019, TEHP was below the limit of detection (LOD) in most samples and
was detected in 4 out of 44 pooled samples at concentrations 54.3—-305 ng/L. In the same
samples, EHDPP was only detected once at a concentration of 123 ng/L. The concentrations
of TEHP and EHDPP were below the respective limits of detection of 40 ng/L and 50 ng/L in
all STP effluent samples from the same locations, suggesting that these chemicals are
efficiently removed from water in Australian STPs (DAWE 2022). In an earlier monitoring
study, the chemical EHDPP was analysed in 11 STP influents across four eastern states (7
sites in Queensland, two in South Australia, one in the ACT and one in Tasmania) in August
2011. The chemical EHDPP was below the LOD of 0.1 ug/L in all but one samples. The
concentrations in STP effluents were not measured in this study (O’Brien et al. 2015). In a
recent monitoring study in three locations in the Sydney area, chemicals TEHP and EHDPP
were only detected in 3 and 1 water samples, respectively, out of a total of 54 samples. The
concentrations and LODs of these chemicals are not reported (Allinson et al. 2023).

Internationally, chemicals TEHP and EHDPP have been analysed in STP influents and
effluents in various locations, including the USA, Canada, China, and multiple European
countries. The concentrations of TEHP in STP wastewater vary and are typically in the range
of 0—153 ng/L in influent and 0—10 ng/L in effluent, with removal rates from the water
compartment generally ranging from 87—-100% (Cristale et al. 2016; Loos et al. 2013;
Lorenzo et al. 2019; Ofrydopoulou et al. 2022; Wang et al. 2023a; Woudneh et al. 2015).
Higher concentrations of up to 1,850 ng/L in STP influent and 169 ng/L in STP effluent have
been observed in a few locations, which may be due to heavily urbanised areas and
industrial activities (Kim et al. 2017; Ng et al. 2023; Pantelaki and Voutsa 2022). The mean
concentrations of EHDPP in STP influents typically range from not detected to 404 ng/L, with
typical mean effluent concentrations of 0-22 ng/L (Cristale et al. 2016; Kim et al. 2017;
Ofrydopoulou et al. 2022; Sutton et al. 2019; Wang et al. 2023a; Woudneh et al. 2015). High
effluent concentrations of EHDPP, up to 710 ng/L, were measured at two STPs in Norway.
Landfill leachates may have contributed to the high loads of the chemical in these locations
(Green et al. 2008). In a monitoring study of 90 STPs throughout Europe, the maximum
concentration of EHDPP in effluents was 5,400 ng/L. However, the median concentration of
the chemical was 6.5 ng/L, suggesting that effluent concentrations are low in most locations
(Loos et al. 2013).

In rivers, lakes, and coastal areas in the USA, Canada, and Europe, the environmental levels
of TEHP and EHDPP in the dissolved phase are generally low, with mean concentrations
ranging from 0-5.3 ng/L for TEHP and 0-10.8 ng/L for EHDPP (Awonaike et al. 2021;
Cristale et al. 2013; Gadelha et al. 2019; Ginebreda et al. 2018; Grung et al. 2021; Guo et al.
2017a; Gustavsson et al. 2018; Gustavsson et al. 2019; Kim and Kannan 2018; Li et al.
2019c; Lorenzo et al. 2019; Pintado-Herrera et al. 2020; Shimabuku et al. 2022). High
concentrations of TEHP and EHDPP (up to 4,300 and 730 ng/L, respectively) were recorded
in Lake Victoria along the shore of Uganda. This waterbody potentially receives untreated
domestic and industrial wastewaters (Nantaba et al. 2021). Similarly, TEHP was detected at
concentrations of up to 1,568 ng/L in streams and drains receiving road run-off and treated
and untreated wastewaters in an urbanised location in Greece. Samples taken from the
nearby gulf also had slightly elevated concentrations of TEHP, with a mean concentration of
54.4 ng/L, presumably due to outlets of the above-mentioned streams and drains into the gulf
(Pantelaki and Voutsa 2021). These international sites receiving untreated wastewater are
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not expected to be representative of typical sites in the Australian environment. The levels of
TEHP and EHDPP in rivers, lakes, and coastal areas internationally are typically lower than
in STP effluents.

Australian monitoring data were not identified for TEHP and EHDPP in sediments, soils, and
STP biosolids.

In the sediment compartment, conservative PECs of 3.9 mg/kg dw for TEHP and
0.064 mg/kg dw (64 pg/kg dw) for EHDPP were derived based on the LODs of these
chemicals in Australian STP effluents, using the equilibrium partitioning (EqP) method.
Sediment-water partition coefficients of 98.7 x 10° and 1,286 L/kg based on dw were
estimated for TEHP and EHDPP, respectively, using the calculated Koc (Koc =

2.47 x 10° L/kg for TEHP and Koc = 3.22 x 10* L/kg for EHDPP) (US EPA 2017), and
assuming the fraction of organic content in the sediment is 4% (EPHC 20009).

In international monitoring studies from the USA, Canada and Europe, the concentration of
TEHP in deposited sediments from rivers, lakes and coastal areas typically ranges from not
detected to 530 pg/kg dw. For EHDPP, concentrations ranging 0—288 ug/kg dw are typically
measured (Alkan et al. 2021; Blum et al. 2018; Brandsma et al. 2015; Cao et al. 2017;
Cristale et al. 2013; Gadelha et al. 2019; Giulivo et al. 2017; Li et al. 2019a; Lorenzo et al.
2019; Onoja et al. 2023; Pintado-Herrera et al. 2017; Sutton et al. 2019). Higher
concentrations of both chemicals have been measured in highly disturbed areas, such as
landfills, urban sedimentation ponds, a car demolishing site, and the heavily polluted Bagmati
River in Nepal, with the highest concentrations reaching 7,521 ug/kg dw for TEHP and

690 pg/kg dw for EHDPP (Green et al. 2008; Grung et al. 2021; Lee et al. 2020; Peverly et
al. 2015; Yadav et al. 2018b). The heavily polluted sites are not expected to be
representative of typical levels of TEHP and EHDPP in sediments in the Australian
environment.

In Australia, the levels of EHDPP in sediments are expected to be lower than in some
overseas locations, based on the EqP estimate. The PEC of 64 ug/kg dw in sediments based
on the EqP method is selected for this chemical. For TEHP, however, the PEC based on the
EqP method appears to be an overestimate of levels typically found in sediments
internationally. The highest of the TEHP concentrations typically measured overseas,

530 pg/kg dw, is selected as the PEC for TEHP in sediments.

The chemical BEHPP was detected with a 96—-100% frequency in sediments of Taihu Lake
and rivers near industrial and e-waste areas in China. The mean concentrations of BEHPP in
these studies were 9.5-34 ug/kg dw, with a maximal concentration of 335 pg/kg dw. The
levels of BEHPP in these locations were generally lower than TEHP but higher than EHDPP
(Ye et al. 2021; Ye and Su 2022).

In soils, most of the monitoring studies have focused on areas disturbed by human activity,
such as industrial sites, urban locations, and waste processing sites. In less disturbed areas,
including a forest in Spain, mountain valleys in the Himalayas, rural areas in Tibet, and
farmlands throughout mainland China, the concentrations range from not detected to

93 ug/kg dw for TEHP and not detected to 51 ug/kg dw for EHDPP (Campo et al. 2017;
Chen et al. 2024b; Han et al. 2022; You et al. 2022; Zhang et al. 2022). The highest
concentrations measured in these studies are used as conservative PECs for TEHP and
EHDPP in soils, specifically 93 ug/kg dw for TEHP and 51 pg/kg dw for EHDPP. Elevated
concentrations in highly disturbed areas (up to 2,490 pg/kg dw for TEHP and 114 ug/kg dw
for EHDPP) (Matsukami et al. 2015; Sanchez-Pifero et al. 2020; Yadav et al. 2018a; Yadav
et al. 2018b) are not considered representative of expected soil levels in the Australian
environment. In a study of soils from agricultural, scenic, commercial, industrial, and
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residential areas in South China, the chemical BEHPP was detected with a frequency of
67%. The median concentration of the chemical in the soil samples was 0.455 pg/kg dw,
ranging from <0.19-7.05 ug/kg dw. The levels of BEHPP in the soil samples were lower than
TEHP but higher than EHDPP (Gong et al. 2021).

In STP biosolids, the chemical TEHP has been found in samples from Europe, the USA, and
Canada at concentrations ranging from not detected to 2,750 ug/kg dw, with the highest
mean concentration reaching 1,450 ug/kg dw. Similarly, levels of EHDPP in STP biosolids
range from not detected to 4,600 ug/kg dw, and the highest mean concentration reported in
the literature is 1,364 ug/kg dw (Castro et al. 2023; Celano et al. 2014; Cristale et al. 2016;
Green et al. 2008; Kim et al. 2017; Marklund et al. 2005; Pantelaki and Voutsa 2022; Rede et
al. 2024; Wang et al. 2019; Woudneh et al. 2015). Based on the maximal concentrations
reported above, and assuming a soil mass of 1,300 t/ha dw, the application of STP biosolids
to soils at 10 t/ha dw would result in a PEC in soil of 21 pg/kg dw for TEHP and 35 ug/kg dw
for EHDPP. These estimations are lower than the PECs based on measured concentrations
in soil and are not selected in this evaluation.

Outdoor air samples have been analysed using passive samplers in two locations in
Australia: Cape Grim (a background site) and Darwin. Both chemicals were below the LODs
(0.06 pg/m?® for TEHP and 1.4 pg/m? for EHDPP) at Cape Grim. In Darwin, the mean
concentration of EHDPP was 38 pg/m?, while TEHP was not detected (Rauert et al. 2018).
Internationally, the mean concentrations of TEHP in outdoor air are generally in the range
<0.06-230 pg/m?, and they range from <0.06—700 pg/m? for EHDPP. These chemicals are
typically found in much higher concentrations in airborne particles than in the gaseous phase
(Castro-Jiménez Javier et al. 2016; Guo et al. 2017b; Li et al. 2019c; Rauert et al. 2018;
Shoeib et al. 2014; Yan et al. 2023). Maximal concentrations of 39,000 and 7,390 pg/m? have
been measured for TEHP and EHDPP, respectively, in urban or industrial sites (Chen et al.
2020; Syed et al. 2020; Violaki et al. 2024; Zhao et al. 2023). The chemical BEHPP was
analysed in air samples from an urban location in China. The mean concentrations of
BEHPP were 110 pg/m? in PM2.5 particles and 2,810 pg/m? in the gas phase. The BEHPP
levels were higher than TEHP and EHDPP in this study (Zhao et al. 2023).
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Environmental effects

The chemical EHDPP causes long lasting toxic effects in freshwater fish and aquatic
invertebrates. No adverse effects to aquatic organisms were observed with TEHP at or below
the water solubility of the chemical. In the absence of other information, BEHPP is classified
as toxic to aquatic life based on a conservative read across from EHDPP.

The chemical TEHP is harmful to some soil- and sediment-dwelling organisms. Data are not
available for BEHPP and EHDPP in these compartments.

In many of the standard aquatic toxicity studies with EHDPP, a commercial sample of the
chemical was used, with a typical composition of 92% EHDPP, 4.7% BEHPP, and 3.5%
triphenyl phosphate (REACH n.d.-b). The toxicity of triphenyl phosphate (AICIS 2023) may
have contributed to the adverse effects to aquatic organisms in these studies. Studies using
this technical mixture are noted where relevant.

Some metabolites of the organophosphates in this evaluation, may contribute to adverse
effects in aquatic life. The effects of hydroxylated metabolites are discussed in the “Chronic
toxicity” and “Endocrine effects” sections below. Degradation or metabolism of the
organophosphate triesters in this group to the corresponding diesters and alcohols is
expected to reduce the potential for adverse effects to aquatic life. All available aquatic
toxicity endpoints for the diester degradants bis(2-ethylhexyl) phosphate and diphenyl
phosphate are above 20 mg/L (AICIS 2023; REACH n.d.-c). Based on read across, the
toxicity of the mixed aryl-alkyl diester 2-ethylhexyl phenyl phosphate is expected to be
similarly low. The alcohol 2-ethylhexan-1-ol does not appear to have significant ecotoxicity
based on available standardised screening tests (REACH n.d.-d). The potential release of
phenol from BEHPP or EHDPP may contribute to toxic effects to aquatic organisms (REACH
n.d.-e).

Effects on aquatic life

Acute toxicity

The following are the most sensitive acute median lethal concentrations (LC50) for fish and
median effect concentrations (EC50) on immobilisation for invertebrates and growth rate for
algae retrieved from the REACH dossiers for TEHP (REACH n.d.-a) and EHDPP (REACH
n.d.-b), from the UK Environmental Agency’s Environmental risk evaluation report on EHDPP
(UK EA 2009), and from the literature (Cristale et al. 2013). The half maximal inhibitory
concentration (IC50) for the toxicity of EHDPP to STP micro-organisms is also reported in the
table (UK EA 2009; UNEP IPCS 2000):
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Chemical

TEHP
Invertebrate TEHP
Invertebrate EHDPP
TEHP
EHDPP
STP TEHP
microflora
STP EHDPP

microflora

Endpoint

96 h LC50 > 40 mg/L*

48 h EC50 = 0.74 mg/L*

48 h EC50 = 0.15 mg/L*

72 h EC50 > 0.88 mg/L*

72 h EC50 = 0.12 mg/L*

IC50 > 100 mg/L*

IC50 > 10 g/L*

* Toxicity endpoint above solubility limit

Method

Oryzias latipes (Japanese rice
fish)

Semi-static, measured
concentrations

HCO-40 dispersant used as
vehicle (PEG-40 hydrogenated
castor oil)

OECD TG 203.

Daphnia magna (water flea)
Immobilisation

Static, nominal concentrations
Solvent (acetone) used as
vehicle

Standardised 48 h acute test.
D. magna

Immobilisation

Static, nominal concentrations
Solvent (DMF) used as vehicle
American Society for Testing
and Materials (ASTM) E729
method.

Unnamed technical product
tested

Desmodesmus subspicatus
(green algae)

Growth rate

Static, mean measured
concentrations

No vehicle

OECD TG 201

D. subspicatus (green algae)
Growth rate

Static, measured (initial)
concentrations

No vehicle

Method equivalent to OECD
TG 201

Technical mix ‘Santicizer-141’
tested

STP biosolids

Respiration inhibition

ISO 8192

STP biosolids

Respiration inhibition

OECD TG 209
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Many of the tests reported in the table above were conducted using commercial grade
impure substances. Many of the tests also indicated evidence of incomplete solvation of the
test substance in tests conducted without a solvent vehicle or emulsifier. The acute
endpoints reported are therefore not considered to be reliable. However, the results do
suggest that the substances are unlikely to have acute ecotoxic effects at or near their
respective water solubility limits.

Notable sublethal effects were seen in two acute studies. An LC50 of 3.5 mg/L and an EC50
of 1.8 mg/L for developmental defects were measured in 4-day post fertilisation zebrafish
embryos exposed to EHDPP (Alzualde et al. 2018). In a separate study, alterations of the
glucose and lipid metabolism were observed in zebrafish larvae exposed to EHDPP at
concentrations of 0.10 and 0.20 mg/L for seven days post fertilisation. Some physiological
and transcriptomic effects were also observed at 0.020 mg/L EHDPP, the lowest
concentration tested in this study (Xu et al. 2023).

Other lethal and sublethal effects of TEHP and EHDPP in zebrafish (Danio rerio) embryos,
nematodes (Caenorhabditis elegans), freshwater flatworms (Dugesia japonica), and ciliates
(Tetrahymena pyriformis) have also been investigated, though no apical effects within water
solubility limits were observed (Behl et al. 2015; Behl et al. 2016; Jarema et al. 2015; Noyes
et al. 2015; Yoshioka et al. 1985; Zhang et al. 2019).

Data are not available for the acute toxicity of BEHPP to aquatic organisms. The endpoints in
the table above and the reported NOECs for these studies are all above the expected
solubility of BEHPP in water.

Chemicals in this evaluation are not expected to adversely affect the activity of STP micro-
organisms based on the result of respiration inhibition tests with TEHP and EHDPP.

Chronic toxicity

The following measured no-observed-effect concentrations (NOEC) and maximum allowable
toxicant concentration (MATC) for model organisms across three trophic levels were
obtained from the REACH dossiers for TEHP (REACH n.d.-a) and EHDPP (REACH n.d.-b),
from the scientific literature (Li et al. 2020), and from the UK EA’s Environmental risk
evaluation report on EHDPP (UK EA 2009):
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Chemical Endpoint

71d NOEC =
EHDPP 5y Lol
100 d MATC =
EHDPP ¢’ ol
Invertebrate [RI3lx 21d N(*)EC =
1 mg/L
Invertebrate EHDPP 21 d NOEC =
18 pg/L
72 h NOEC =
TERP 0.88 mg/L*
72 h NOEC =
EHDPP 75 L L

* Toxicity endpoint above solubility limit

Method

Oncorhynchus mykiss (rainbow trout
eggs and fry)

Mortality and behaviour

Flow-through, measured
concentrations

Solvent (dimethylformamide, DMF)
used as vehicle

Proposed standard practice for
conducting toxicity tests with the early
life stages of fishes. ASTM, 1980.
Technical mix ‘Santicizer-141’ tested
Oryzias latipes (medaka)
Reproduction (egg hatch rate)
Flow-through, nominal concentrations
Solvent (DMSO) used as vehicle
Daphnia magna (water flea)
Reproduction

Semi-static, analytically-confirmed
nominal concentrations

Solvent (DMF) and HCO-40 dispersant
(PEG-40 hydrogenated castor oil) used
as vehicle

OECD TG 211

D. magna

Reproduction

Flow-through, measured
concentrations

Solvent (DMF) used as vehicle
Protocol for conducting chronic toxicity
tests with the water flea (Daphnia
magna), EG&G, Bionomics, and ASTM.
Technical mix ‘Santicizer-141’ tested
Desmodesmus subspicatus (green
algae)

Growth rate

Static, mean measured concentrations
No vehicle

OECD TG 201

D. subspicatus (green algae)

Growth rate

Static, measured (initial) concentrations
No vehicle

Method equivalent to OECD TG 201
Technical mix ‘Santicizer-141’ tested

The available chronic endpoints for TEHP far exceed the solubility of the chemical in water.
For EHDPP, chronic effects below the solubility limit of the chemical were observed in the
early life stages test with rainbow trout, reproduction test with medaka, and in the
reproduction test with Daphnia magna (Li Y et al. 2020; REACH n.d.-b; UK EA 2009).
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A study by Li Y et al. (2020) found an EHDPP 100 d medaka egg hatch rate NOEC of

1.6 ug/L and LOEC of 8 pg/L, based on nominal concentrations. The geometric mean of
these two values was taken to derive a 100 d MATC of 3.6 pg/L as a representative endpoint
(see entry in table above). In the study, recently hatched medaka larvae were exposed to
EHDPP at 1.6, 8 and 40 ug/L for 30 days. The male and female fish were then separated
and further exposed to EHDPP for 70 days, totalling 100-day exposure. After this duration,
the adult males were bred with female fish randomly selected from the control exposure
group, and the fertilisation rate and hatch rates were measured, finding effects on both
fertilisation and hatch rate with fish from the 8 and 40 pg/L exposure groups. The strongest
effect measured was a 22% decrease in hatch rate in the 40 pg/L exposure group.

It should be noted that the test substance concentrations were not well maintained in this
test, averaging 30, 104 and 434 ng/L in the 1.6, 8 and 40 pg/L exposure groups, respectively
(Li et al. 2020). The authors propose that photodegradation and hydrolytic degradation of
EHDPP in water, combined with accumulation of EHDPP into the tissues of the fish, are
responsible for the low measured concentrations. The authors also note the presence of
several degradants and metabolites of EHDPP in the fish liver tissue, particularly 5-OH-
EHDPP. In vitro experiments suggest that 5-OH-EHDPP is more biologically active than the
parent substance and may be partly responsible for the observed toxic effects. The nominal
concentrations have been used when reporting the endpoints for this study to better
represent the range of metabolites and degradants that may have been active in this test.
This study also included analysis of biomarkers and hormone levels on exposure to EHDPP
and several identified metabolites, which is discussed further in the ‘Endocrine effects’
section below.

In another study effects of EHDPP on zebrafish were investigated, and a 21-day spawn rate
EC100 of 50 pg/L can be derived from the reported information (Yang R et al. 2022). The test
was conducted according to OECD TG 230 (Short-term screening for estrogenic and
androgenic activity) with test substance concentrations of 2.5, 50 and 250 ug/L EHDPP, with
the addition of a reproduction endpoint test at the conclusion of the 21 days exposure. After
exposure, female fish from each exposure group were transferred to clean water to mate with
unexposed male fish, with eggs laid, fertilisation rate and hatching rate measured. No
spawning occurred within 7 days for zebrafish from the 50 and 250 ug/L exposure groups.
The F1 generation fish from the 2.5 ug/L exposure group were observed for developmental
effects, finding a decreased body length at 7 days post-fertilisation (dpf), suggesting some
intergenerational exposure effects. It should be noted that test solutions were renewed every
48 h during the exposure period, and the measured concentrations of EHDPP after 48 h
were 30—82% of initial concentrations. Analysis of biomarkers and hormone levels on
exposure to EHDPP conducted as part of this study are discussed further in the ‘endocrine
effects’ section below.

Developmental toxicity effects were observed in the offspring of female Japanese medaka
fish exposed to EHDPP for 28 days at nominal concentrations of 1.6, 8.0 and 40 pg/L. The
offspring of exposed females mated with unexposed males were assessed for ocular
abnormities including eye deformities in the embryos and vision disorders in the larvae. The
total incidence of ocular defects was 19, 22, and 37% in the 1.6, 8.0 and 40 ug/L exposure
groups, respectively. Antagonistic activity was also observed for EHDPP and its hydroxylated
metabolites, 2-ethyl-5-hydroxyhexyl diphenyl phosphate (5-OH-EHDPP) and
2-ethyl-3-hydroxyhexyl diphenyl phosphate (3-OH-EHDPP), in a hybrid in vitro assay with
Japanese medaka retinoic acid receptor and retinoic X receptor, which regulate ocular
development. In the study of ocular defects in medaka offspring, the measured
concentrations of EHDPP in the medium (0.16, 0.41, and 1.2 pg/L) were significantly lower
than the nominal concentrations (1.6, 8.0 and 40 pg/L). However, significant uptake of
EHDPP in the fish was observed, and metabolites may have contributed to the effects given
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their antagonistic activity in the in vitro assay. Consequently, nominal concentrations are
considered for the hazard assessment in this evaluation (Li et al. 2021).

Exposure of zebrafish to EHDPP at 35 and 245 pg/L for 21 days caused feeding disorders.
Multiple effects were observed in these exposure groups, including increased food intake,
increased feeding rate, transcriptomic changes, increased dopamine levels, and increased
bodyweight after unrestricted feeding. The effects were greatest in the 35 ug/L exposure
group, and no significant effects were observed at 5 pg/L (Yang et al. 2023b).

The solvent DMSO was used as a vehicle in all the studies cited above.

Data are not available for the chronic toxicity of BEHPP to aquatic organisms. All chronic
endpoints for TEHP and EHDPP are above the calculated water solubility limit of 2.0 pg/L for
BEHPP (US EPA 2017).

Effects on terrestrial life

The following measured endpoints were obtained from the REACH dossier for TEHP
(REACH n.d.-a) and the Netherlands’ RIVM report on phosphate esters (Verbruggen et al.
2005):

Method

Lycopersicon esculentum (tomato)
fresh weight
Nominal concentrations

Endpoint

14 d EC50 = 748 mg/kg soil
dry weight (dw)

Terrestrial plants

Annelids

Annelids

Soil micro-
organisms

The chemical TEHP is harmful to tomato plants, and it induces sublethal effects in E. foetida

14 d NOEC = 37 mg/kg soil
dw

56 d EC50 > 1,000 mg/kg
soil dw (reproduction)

28 d NOEC = 1,000 mg/kg
soil dw (mortality and
growth)

14 d NOEC = 562 mg/kg
soil dw (weight loss)

14 d NOEC = 1,000 mg/kg
soil dw (mortality)

28 d NOEC = 1,000 mg/kg
soil dw

Solvent (acetone) used as vehicle
OECD TG 208

Eisenia andrei (earthworm)
Nominal concentrations

Solvent (acetone) used as vehicle
OECD TG 222

Eisenia foetida (earthworm)
OECD TG 207

Soil microflora inhibition of total
respiration and nitrate formation rate
Nominal concentrations
No vehicle

OECD TG 216 and 217

earthworms at high concentrations. No adverse effects were observed in standard toxicity
tests with E. andrei earthworms and soil micro-organisms.

Data are not available for the toxicity of BEHPP and EHDPP to soil-dwelling organisms.
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Sublethal hepatotoxic effects were observed in chickens exposed to EHDPP at 800, 1,600,
and 3,200 mg/kg body weight in their diet for 14 to 42 days (Yang Y et al. 2022).

Effects on sediment dwelling life

The following measured endpoints were obtained from the REACH dossier for TEHP
(REACH n.d.-a):

Endpoint

28 d EC50 = 183 mg/kg sediment dw Chironomus riparius

(emergence rate) (freshwater midge) larvae
28 d EC50 = 860 mg/kg sediment dw Measured concentrations
(development rate) Solvent (acetone) used as

_ vehicle
28 d NOEC = 83 mg/kg sediment dw OECD TG 218

(emergence and development rate)

Invertebrates

The chemical TEHP is harmful to the larvae of the freshwater midge Chironomus riparius.

Data are not available for the toxicity of BEHPP and EHDPP to sediment-dwelling organisms.

Endocrine effects

The chemical EHDPP shows endocrine activity consistent with an anti-androgenic mode of
action in fish and may cause endocrine-related effects on fish gonad development and fish
reproduction.

Chemicals TEHP and BEHPP have endocrine activity based on in vitro studies on hamster
cells and hybrid yeast-human assays. However, the exposure concentrations are significantly
greater than the solubility limits of these chemicals in water. No studies on endocrine effects
in fish have been identified for these chemicals.

Two studies on fish found reproductive effects and effects on hormone and biomarker levels
consistent with an anti-androgenic mode of action for EHDPP. A third study found
reproductive effects and evidence of interaction with the thyroid system.

The first study by Li et al. (2020) studied EHDPP and found effects on reproductive success,
incidence of testis-ova, and biomarker and hormone levels in in vitro and in vivo studies with
medaka. The reproductive success effects are discussed in the chronic toxicity section
above.

In vitro tests identified 5-OH-EHDPP as the principal metabolite of EHDPP in medaka liver
microsome cell assay. Both EHDPP and 5-OH-EHDPP were antagonists against the human
androgen receptor in recombinant yeast assays, with 5-OH-EHDPP being stronger. Minimal
activity against the medaka estrogen receptor was found.

In vivo tests with a transgenic medaka strain found a dose-dependent induction of testis-ova
in male fish with exposure to EHDPP at 1.6, 8 and 40 ug/L for 100 days post hatch (Li et al.
2020). The transgenic strain coexpresses green fluorescent protein on promotion of oocyte
reporter gene OSP1, allowing convenient monitoring of oocyte cells (and therefore testis-
ova) in male gonads (Zhao et al. 2014). After the exposure period, testis-ova were observed
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at all exposure concentrations with a dose-dependent increase in both incidence and severity
(i.e. the number of oocyte cells detected) (Li et al. 2020). At the highest exposure
concentration of 40 ug/L, 48.6% of analysed gonads were testis-ova, suggesting that EHDPP
exposure induces effects on sexual development of medaka. Liver tissue analysis of the
exposed fish found significant concentrations of degradants and metabolites of EHDPP,
particularly 5-OH-EHDPP, which was present at higher concentrations than EHDPP in all
exposure groups. The observed effects are consistent with an anti-androgenic mode of
action for both EHDPP and 5-OH-EHDPP as identified in in vitro tests. Induction of testis-ova
is a listed primary diagnostic for endocrine-related histopathology in fish gonads (OECD
2010).

Plasma hormone levels in males were also monitored in the study by Li et al. (2020), finding
repression of testosterone and 11-ketotestosterone (11-KT) in the 40 pg/L exposure group,
and an increase of 17B3-estradiol (173-E2) levels in the 8 and 40 pg/L groups. At the highest
exposure level, the levels of testosterone and 11-KT were halved and the 173-E2 had
increased fourfold.

In the second study conducted by Yang et al. (2022), EHDPP affected reproduction of adult
zebrafish and induced sex-dependent changes in biomarkers related to endocrine activity.
The reproductive success endpoint is discussed in the chronic toxicity section above. The
test was conducted according to OECD TG 230 (21-day Fish Assay: A Short-Term
Screening for Oestrogenic and Androgenic Activity, and Aromatase Inhibition) using test
substance concentrations of 2.5, 50 and 250 ug/L. Sex-dependent effects on plasma
vitellogenin, testosterone, 11-KT and 17B-E2 were measured, with the most significant
effects observed in male fish (Yang et al. 2022).

In males, vitellogenin levels, testosterone levels and 17 B-E2 levels were all significantly
elevated in a dose-dependent manner in the 50 and 250 ug/L exposure groups, with a 2-fold,
2.5-fold and 4-fold increase in vitellogenin, testosterone and 173-E2 respectively at the
highest exposure concentration. Plasma concentrations of 11-KT were slightly decreased in
the 50 and 250 ug/L exposure group. Lesser effects were observed in female fish, with 11-
KT and 17B-E2 levels affected in the same pattern as male fish but at much lower
magnitude. Non-monotonic responses were recorded in testosterone and vitellogenin levels
in females, which were both depressed in the 2.5 and 50 pg/L exposure group, but not
different from the control at 250 ug/L.

These hormone and biomarker level changes were compared to the effects of reference
compounds with known endocrine activity. The changes in male fish were consistent with the
effects of either an estrogen receptor agonist (dienestrol) or androgen receptor antagonist
(flutamide). The effects at 250 pg/L in female fish were again consistent with either dienestrol
or flutamide.

In the same study, male and female gonads were excised for analysis of germ cell
development. In female fish, oocyte development was slightly inhibited at 50 and 250 ug/L
exposure groups, with a decreased proportion of vitellogenic oocytes observed.
Non-monotonic effects were seen in male gonads, with a significant decrease in proportion of
spermatid cells observed at all exposure concentrations, but with the greatest effect in the
2.5 pg/L exposure group (Yang et al. 2022). It is unclear to what extent the histopathological
changes in female gonads contributed to the reproductive effects observed in this study.

An additional fish study found evidence of interaction of EHDPP with the thyroid hormone
system. In the laboratory study conducted by Shu et al. (2024), healthy zebrafish embryos
were exposed to EHDPP at nominal concentrations of 0.1, 1, 10, and 100 pg/L for 120 h
(Shu et al. 2024). The chemical induced multiple statistically significant effects at 1, 10, and
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100 pg/L in a concentration-dependent manner. These effects included reduced levels of the
thyroid hormones triiodothyronine (T3) and thyroxine (T4), reduced T3/T4 ratios, and
increased levels of thyroid-stimulating hormone (TSH). A decrease in T3/T4 is an indicator of
thyroid dysfunction. A significant increase in TSH levels was also observed at 0.1 ug/L
EHDPP, the lowest concentrations tested. The expression of some genes involved in the
thyroid endocrine system and the expression of the protein transthyretin, a thyroid hormone
carrier, were altered upon exposure to EHDPP in this study.

Exposure to EHDPP affected several developmental endpoints in the zebrafish larvae (Shu
et al. 2024). Dose-dependent and statistically significant, but relatively minor effects on
survival rate, body length, and malformation rates were observed. The hatch rate was also
significantly affected, reducing from 89% in the control to 67% in the 100 pg/L exposure
group. The measured concentrations of EHDPP in the medium were lower than the nominal
amounts in this study. However, as discussed previously, nominal concentrations are
considered here to account for bioaccumulated EHDPP in the fish tissues and for possible
effects of its hydroxylated metabolites. Molecular docking modelling was performed to gain
insight of the mechanism of endocrine disruption. Molecular docking indicated that EHDPP
may compete with T4 to bind to transthyretin and inhibit T4 transport.

The chemical EHDPP also induced endocrine activity in assays with mouse tumour Leydig
cells and chicken liver cells (Schang et al. 2016; Shen et al. 2019). However, these effects
were typically observed at EHDPP concentrations much higher (0.36—18 mg/L) than in the
fish studies above.

The chemical TEHP induced anti-estrogenic activity at concentrations = 0.43 mg/L in
Chinese hamster ovary cells. Antagonistic activity against the estrogen receptor a was
observed in a gene reporter assay with Chinese hamster ovary cells upon exposure to
TEHP. The activity was concentration dependent and the lowest observed effect
concentration was 0.43 mg/L. Similar effects were observed in a hybrid yeast-human assay
(Zhang Q et al. 2014).

Chemicals TEHP and BEHPP exhibited antagonistic activity in a hybrid yeast-human retinoic
acid receptor (RAR) assay. In this assay, both chemicals inhibited the B-galactosidase
activity induced by all-trans-retinoic acid, with half-inhibitory concentrations of 1.1 mg/L and
2.6 mg/l, respectively (Jia et al. 2022).

The solvent DMSO was used as a vehicle in all the studies cited above.
Predicted no-effect concentration (PNEC)

Aquatic organisms

A PNEC for TEHP of 0.14 ug/L (140 ng/L) for aquatic life was derived. In the absence of
effects up to the solubility limit of the chemical, the water solubility of TEHP was taken as a
worst-case scenario for the PNEC of TEHP in water.

A PNEC for EHDPP of 36 ng/L for aquatic life was derived from the measured reproductive
endpoint for fish (100 d MATC = 3.6 ug/L), using an assessment factor of 100. This
assessment factor was chosen to be protective of potential intergenerational effects for
EHDPP based on evidence such as;
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e EHDPP is bioaccumulative with demonstrated maternal transfer.

¢ In addition to effects on reproduction, EHDPP appears to cause a variety of
developmental effects in fish, such as ocular deformity.

e EHDPP is biologically active in receptor activation studies and influences known
endocrine activity biomarkers.

Soil-dwelling organisms

A PNEC for TEHP of 3.7 mg/kg dw (3,700 pg/kg dw) for soil-dwelling organisms was derived
from the measured plant toxicity endpoint (14 d fresh weight NOEC = 37 mg/kg dw for
tomato), using an assessment factor of 10. This assessment factor was selected as long-
term toxicity data were available for a producer (plants), a consumer (earthworms), and a
decomposer (soil micro-organisms) (EPHC 2009).

Sediment-dwelling organisms

A PNEC for TEHP of 0.83 mg/kg dw (830 ug/kg dw) for sediment-dwelling organisms was
derived from the measured toxicity endpoint for Chironomus riparius (28 d emergence and
development rate NOEC = 83 mg/kg dw), using an assessment factor of 100. This
assessment factor was selected as long-term toxicity data were available for one species
(EPHC 2009).

A PNEC for EHDPP of 0.225 mg/kg dw (225 pg/kg dw) for sediment-dwelling organisms was
derived from the chronic endpoint for aquatic invertebrates using the equilibrium partitioning
method. The endpoint for aquatic invertebrates was chosen over the fish or algae endpoints
as sediment-dwelling organisms are mostly invertebrates. An assessment factor of 10 was
applied to this endpoint. A sediment-water partition partitioning coefficient of 1251 L/kg based
on dw was estimated using the calculated Koc (US EPA 2017), and assuming a fraction of
organic contents in the sediment of 4% (EPHC 2009). An additional assessment factor of 10
was applied to the resulting PNEC in order to take uptake via ingestion of sediment into
account, as the log Kow of EHDPP is above 5 (EPHC 2009).

Categorisation of environmental hazard

The categorisation of the environmental hazards of the assessed chemicals according to
domestic environmental hazard thresholds (DCCEEW n.d.) is presented below:

Persistence

Persistent (P). Based on measured degradation studies for TEHP, TEHP is categorised as
Persistent.

Not Persistent (Not P). Based on measured degradation studies for EHDPP, chemicals
EHDPP and ODPP are categorised as Not Persistent.

No data are available for BEHPP. In the absence of information, BEHPP is categorised as
Persistent based on conservative read across from TEHP.

Bioaccumulation

Bioaccumulative (B). Based on high measured log Kow for EHDPP, high calculated log Kow
for TEHP and BEHPP, and evidence of bioaccumulation and biomagnification of TEHP and
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EHDPP in the field, chemicals TEHP, EHDPP, BEHPP and ODPP are categorised as
Bioaccumulative.

Toxicity

Toxic (T). Based on available ecotoxicity values below 1 mg/L and evidence of chronic
toxicity and endocrine activity in fish for EHDPP, chemicals EHDPP and ODPP are
categorised as Toxic.

Not toxic (Not T). Based on the absence of toxic effects to aquatic life up to the solubility
limit, and low toxicity to sediment- and soil-dwelling organisms, the chemical TEHP is
categorised as Not Toxic.

No data are available for BEHPP. In the absence of information, BEHPP is categorised as
Toxic based on conservative read across from EHDPP.

Environmental hazard classification

The available acute aquatic toxicity information for these chemicals reported in this
evaluation was not considered to be suitable for classification purposes. None of these
chemicals have been classified for acute aquatic toxicity. Chronic aquatic toxicity
classifications have been made with consideration for persistence and potential to
bioaccumulate, where relevant.

The GHS classification of TEHP has been made considering that the chemical has no acute
toxicity effects up to its water solubility but is persistent and bioaccumulative with
log Kow > 4.

The GHS classification of EHDPP and ODPP has been made considering the rapid
degradation of these chemicals and considering the 100 d MATC to medaka (3.6 pg/L) as
the key endpoint for classification.

Environmental risk characterisation

Based on the PEC and PNEC values determined above, the following Risk Quotients
(RQ = PEC = PNEC) have been calculated for the exposure of TEHP in the water, soil, and
sediment compartments:

Compartment

Surface waters 10 ng/L 140 ng/L

Sediment 530 pg/kg dw 830 pg/kg dw 0.64

Soil 93 ug/kg dw 3,700 pg/kg dw 0.03

The chemical TEHP is not expected to pose a significant risk to the environment. The
calculated RQ values for this chemical in surface waters, soil, and sediment are less than 1.
Environmental concentrations of TEHP are expected to be below levels likely to cause
harmful effects in typical environmental conditions.
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Based on the PEC and PNEC values determined in the previous sections, the following Risk
Quotients (RQ = PEC + PNEC) have been calculated for the exposure of EHDPP in the
water and sediment compartments:

Compartment

Surface waters 22 ng/L 36 ng/L

Sediment 64 pg/kg dw 225 pg/kg dw 0.28

The chemical EHDPP is not expected to pose a significant risk to the environment. The
calculated RQ values for this chemical in surface waters and sediment are less than 1.
Environmental concentrations of EHDPP are expected to be below levels likely to cause
harmful effects in typical environmental conditions.

The PNEC for EHDPP in aquatic life was based on a chronic reproduction endpoint for
medaka fish. Reduced egg hatching rates were observed after exposure of male medaka to
EHDPP for 100 days. While the concentrations of EHDPP in the test medium were not well
maintained in this study, accumulation of the chemical in fish tissues led to body burdens
comparable to biota levels observed in wild fish in Europe. Monitoring data in biota are not
available for EHDPP in Australia, so the risk to aquatic life based on accumulated body
burden is uncertain. Additional studies and in vitro experiments showed that EHDPP and its
hydroxylated metabolite 5-OH-EHDPP have endocrine activity in fish and suggested that
5-OH-EHDPP may be more biologically active than the parent chemical. These risks were
considered in the conservative assessment factor of 100 applied to the pivotal endpoint.
Concentrations of hydroxylated metabolites in surface waters are expected to be below
levels of concern based on monitoring data in STP influents in Europe.

For EHDPP in sediments, the calculated RQ < 1 indicates that the chemical is not expected
to be present in sediments at concentrations that may cause harmful effects. The sediment
PEC and PNEC for EHDPP were derived using the equilibrium partitioning method. While the
equilibrium partitioning method is a useful tool to estimate RQs for sediment-dwelling
organisms, it is considered only as a screen for assessing the risk. Toxicity tests on benthic
organisms and Australian sediment monitoring data would support a refined environmental
risk assessment for the sediment compartment.

No data regarding the ecotoxicity of EHDPP to soil-dwelling organisms are available. As a
result, no RQ for the release of the chemical to soil has been calculated. If more information
becomes available, a risk characterisation of EHDPP in soil may be possible. Environmental
levels of EHDPP in soil measured internationally are relatively low, suggesting that the risk to
soil-dwelling organisms is likely to be low.

As ODPP is considered to be a synonym for EHDPP, the risk characterisation of EHDPP is
considered to apply to ODPP.

The chemical BEHPP has been identified as a potentially PBT substance. This
categorisation is based on conservative read across from other chemicals in this group, as
no hazard or degradation data are available for this chemical. Given its chemical structure
and physical and chemical properties, the environmental hazards of BEHPP are expected to
lie in between those of TEHP and EHDPP. The worst outcomes from TEHP and EHDPP
were conservatively used as read across for each of the P, B, and T categorisations. If
ecotoxicity or degradation data become available for BEHPP, this PBT categorisation may be
revised. However, based on the provisional PBT categorisation, it is not currently possible to
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derive a safe environmental exposure level for this chemical. Therefore, the environmental
risks for BEHPP cannot be characterised in terms of a risk quotient.

Due to their persistence, PBT chemicals have the potential to become widely dispersed
environmental contaminants. Once in the environment, persistent chemicals that are also
highly bioaccumulative pose an increased risk of accumulating in exposed organisms and of
causing adverse effects. Importantly, it is difficult or impossible to reverse the adverse effects
of PBT chemicals once they have been released to the environment. As a result, these
chemicals are considered to be of high concern for the environment.

Based on available international data, the chemical is unlikely to be introduced in Australia
except as a component of commercial EHDPP; however, the chemical is likely to be present
in some imported articles.

Uncertainty

This evaluation was conducted based on a set of information that may be incomplete or
limited in scope. Some relatively common data limitations can be addressed through the use
of conservative assumptions (OECD 2019) or quantitative adjustments such as assessment
factors (OECD 1995). Others must be addressed qualitatively, or on a case-by-case basis
(OECD 2019).

The most consequential areas of uncertainty for this evaluation are;

e Most of the available ecotoxicity studies available for chemicals in this evaluation are
not conducted according to standard methodology. In addition, these chemicals are
difficult to test due to their very poor solubilities in water. The outcomes of the toxicity
categorisation may need to be revised if additional information becomes available.

e Ecotoxicity data for sediment- and soil-dwelling organisms were not available for
EHDPP. The risk to benthic organisms was screened using the equilibrium
partitioning method. The outcomes of the evaluation may change if additional
information becomes available.

¢ As no hazard data were available for BEHPP, its hazard assessment was conducted
using conservative read across from TEHP and EHDPP. The outcomes of this
evaluation may change if new information becomes available to indicate that the
hazard characteristics of BEHPP are significantly different.

e Limited Australian monitoring data were available for chemicals in this group. Since
TEHP and EHDPP were below their limits of detection in STP effluents in the key
monitoring study in Australia, additional monitoring information with lower limits of
detection would provide a better estimate of the levels of these chemicals in surface
waters. Australian monitoring data for sediment and soil would allow for a refined
assessment of the risks in these compartments. The outcomes of this evaluation may
change if new monitoring information becomes available to indicate that
environmental concentrations of TEHP and EHDPP in Australia are different from the
predicted concentrations used in this evaluation.

e Chemicals TEHP and tris(1,3-dichloroisopropyl) phosphate (TDCIPP;

CAS RN 13674-87-8) have similar molecular weights (434.6 and 430.9 g/mol,
respectively) and may not be easily distinguished in monitoring studies. In one study,
these chemicals were reported as an inseparable mixture (Gustavsson et al. 2018).
The detection of TDCIPP may have been erroneously identified as TEHP in some
other monitoring studies.
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