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EXECUTIVE SUMMARY

The EPA has evahied tis(2-chloroethyl) phosphat®r TCEP, under th€oxic Substances Control Act
(TSCA). In this draft risk evaluatiorE.PA preliminarily finds that TCEP presents an unreasonable
risk of injury to human health and the environment.

In December 2019, EPA designated TCEP as aighity substance for TSCA evaluation and in
August 2020eleagdthefinal scopeof the risk evaluationThis draft risk evaluatioassesses human
health risk to workers, consumers, and the general popuylatarell agisk to theenvironment

Although U.S productionof TCEPhasdecreasetly about 99 percent since 201t4s still used
domesticallyto make some paints and coatings and as a flame retardant and plasticizer for specific
aerospace applications. In the past, TCEPprasessedh many poducts made in the United States,
including fabrics and textilespme types dioam, and construction materidlsome of which may still
be in use todaylT CEP may still be found in a wide range of goods that are imported into the United
States.

Because TCEP is mixed into but not chemically bonded to materials, it can leach out of products and
into the environment. TCEP that is released into the environment from manufacturing processes or
leaching from products primarily ends up in water, sediprsmit, or dust. TCEP may leach out of

materials dumped in landfills amdachgroundwater or surface water. It can also be released into the air.
If TCEP enterghe atmosphere, it can be deposited in lakes and rivers through rain and snowfall. TCEP
can becarried long distances via air and water and has been detected in the Arctic. TCEP concentrations
may be even higher indoors than outdoors, because TCEP can leach out of consumerspicidasts
carpets owooden TV standand attach to household dust. Although TCEP is persistent in the
environmen{i.e., it doesnot easily degradeand has been detected in organisms such as fish exposed to
TCEP in surface wateit does not appear to bioaccumulbézausét is notfound toaccumulaten

people or animalat greater concentrations thaxistin the environment

Unreasonable Risk to Human Health

Data from laboratory animal testing shows that exposure to TCEmoragse the risk of adverse

effectsin people such as kidnegancer and other cancers, as well as harm to neurological and
reproductive system§ection5.2.5.3. EPA evaluated the risksf peopleexperiencig these cancers

and harmful neurological and reproductive efférie being exposed to TCEP at work, in the hobye,
breastfeedingand by eating fish taken from TCE®ntaminated wate¥When determining

unreasonable risk of TCEP to human health, ERA accounted for potentially exposed and susceptible
population® pregnant womerinfants exposed through human milk, children and adolescents
(especially males), people who experience aggregated or sentinel exposures, fenceline communities who
live nearfacilities that emit TCEP, firefighters, and people and tribes whose diets include large amounts
of fish (Sectiorb.3.3.

Workers with the greatest potential fatposure to TCEP are those who spray T€BRtaining paints

or coatings, or workers who are involved in processingarfresin used in paints, coatings, and
polyurethane resin castings for aerospace applicaf@egion5.3.2.]. Outside the workplacadults,
infants, and childremay be most at risk if they breathe or ingest TCEP that comes out of fabrics,
textiles,foam,and woodoroductsandthat either attaclseto dust or otherwise gets into indoor air
(Section5.3.2.3. Infantsand childremmay be at risk if they moutbroducts containing foantextiles or
woodthat contain TCERSection5.3.2.3 or are breastfed (Secti@n3.2.4. People who are subsistence
fishersmay be ahigh riskif theyeat TCEPcontaminated fish; tribal people for whom fish is important
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dietarily and culturally have even higher risk thhaegenerapopulation and subsistence fishers
(Section5.3.3.

EPAOGs a s prdimisan § showsunreasonablerisks of cancer and noncancer healtleffects
from half of the TCEP conditions of use(COUSs)to (1) breastfed infants,(2) people who handle
TCEP or handle products formulated with TCEP at work, (3) people whobreathe or ingest dust
from TCEP that comes offof consumerproducts, and (4) peoplewho eat large amounts of fish
contaminated with TCEP. For workers, there are certain activities where aalertterm, chronicand
lifetime exposureto TCER especiallyfrom contact with skié contribute to unreasonable risk.
Outside the work environmentCEP presents unreasonable riskdolts children and infantswith
acute shorttermkhronig and lifetime exposur® TCER mainly from breathingor ingestingTCER
containing dust or eating TCEf®dntaminated fishTCEP presentsnreasonable risto childrenand
infantswith acuteand shorterm/chronicexposurdrom mouthingconsumeproducts that contain
TCEP. EPA alsassessedhether breasfeedinginfants were at higher risk than their mothers and
determined that they are not.

Unreasonabldrisk to the Environment

Based on data for three fish species and predictive models for sediwedhihg organismsEPA
assessed TCEP exposures to the aquaticanmentwhen TCEP leaches or is released into water
through the manufacturing, processingyuse of TCEP or TCERontaining material€E P A6 s
assessmenpreliminarily showsthat chronic exposure to TCEPresults in unreasonable risk to fish
from using TCEP as a laboratory chemicaknd to sedimentdwelling organismsfor all uses that
were quantitatively evaluated. EPA preliminarily determined thatate exposure to TCEP does not
present unreasonable risk to aquatic organ{sersebrate and invertebrate speci@sta on soil
invertebratemandmammals indicate that acute and chronic exposure to TCEP does not present
unreasonable risks to lamhivelling animals.

Considerations and Next Steps

A total of 20COUs were evaluatedr TCEP(seeTablel-1). EPA preliminarily determinethat he
following nine COUs contribute to the unreasonable tiskt TCEP presentsonsidered singularly or in
combination with othef CEPexposures:

Manufactiring (import);

Processing incorporation intdormulation, mixtureor reactiorproducti paint and coating
manufacturing;

1 Processing incorporation intdormulation, mixtureor reactiorproducti polymers used in
aerospace equipment and products;

Processing incorporation intarticlei aerospace equipment and products;
Commercial usé paints and coatings;

Commercial usé laboratory chemicajs

Consumer use furnishing, cleaning, treatment/care productabric and textile products;
Consumer use furnishing, cleaning, treatment/care producteam seating and bedding
products; and

1 Consumer use construction, paint, electrical, and metal prodiidisiilding/construction
materials’ wood and engineered wood prodLictsood resin comgsites.

1
1

= =4 =4 -8 -9

Thefollowing five COUs wergreliminary determinedot tocontribute to the unreasonable risk

1 Processing recycling;
9 Distribution in commerce;
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Industrial usé aerospace equipment and products;

Commercial usé aerospace equipment and produatsd

Consumer usé construction, paint, electrical, and metal prodiidisiilding/construction
materials’ insulation.

In addition, there arsix COUsfor which EPA does not have sufficient information to determine
whet her t hey ¢ o measonatlerisksee Sectios. TE3Rand Section®.3.1):

T
T
T

T

1
1

It also is important to note that, in addition te kack of information orsix COUs the estimates of risk
in the TCEP evaluation include assumptions and modeled predictions around which there are varying
levels ofuncertainty. Thabeingsaid, tle totality of information and weight of the scientific evidence
give EPA confidence that under the known, intended, and reasonably fot&3bsthat are subject to
evaluation and regulation under TSCA, TCEP presents unreasonable risks to human h#sdth and

Commercialusel furnishing, cleaning, treatment/care prodtctabric and textile products;
Commercial usé furnishing, cleaning, treatment/care producteam seating and bedding
products;

Commercial usé construction, paint, electrical, and metal prodiidbsiilding/construction
materials’ wood and engineered wood prodtictsood resin composites;
Commercialusei construction, paint, electrical, and metal prodiidisiilding/construction
materials insulation

Consumer use paints and coatings; and

Disposal.

environment.

This draft risk evaluation has been released for public comment and will undergo independent, expert
scientific peer review. EPA will issue a final TCEP risk evaluatmo?024after considering input from

the public and peer reviewers. If in the finakressaluation EPA determines that TCEP presents

unreasonable risk to human health or the environment, EPA will initiate regulatory action to mitigate

those risks.
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1 INTRODUCTION

EPA has evaluatettlis(2-chloroethyl) phosphate (TCEBhder the Toxic Substaes Control Act
(TSCA). TCEP is primarily usedsan additiveflame retardant and plasticizerpolymers used in
aerospace equipment and prodwtd as an additive flame retardant in paint and coating
manufacturingIn the pastTCEPwasprocessedh manyproductsmade in the United Statascluding
fabrics and textiles, some typesfodm, and construction materidlsome of which may still be in use
today. TCEP may also be imported in articles intended for consumeBasgonl.1 provides
production volume, life cycle diagrathCD), conditions of uséCOUs), and conceptual modelsed
for TCEP;Sectionl.2includes a overviewof the systematic review processd Sectiorl.3 presents
the organization of this ditarisk evaluationFigurel-1 describes the majanputs, phasesnd
outputstomponents of the SCA risk evaluation procesgrom scoping taeleasing theifal risk
evaluation.

Existing Laws, Regulations, +  Analysis Plan *  PublicComments on
Inputs and Assessments +  Testing Results Draft RE )

Use Document Public Comments on «  Data Evaluation Process *  Peer Review Comments

Public Comments Draft Scope Document +  Data Integration on Draft RE

¢ U ¢

Phase Draft Scope |:> Final Scope |:> Draft Risk :> Final Risk

Document Document :: Evaluation Evaluation

N
Conditions of use, exposure, hazardsand +  Refined Conceptual Draft Risk Final Risk
Outputs potentially gxposed or susceptible Models Determination Determination
subpopulations (PESS) +  Refined Analysis Plan —
Analysis of conditions of use >
Lifecycle Diagram
Initial Conceptual Models N
Industrial/Commercial uses -
Environmental releases Risk Management
Preliminary analysis plan Process

Figure 1-1. TSCA Existing Chemicals Risk Evaluation Process

1.1 Scopeof the Risk Evaluation

EPA evaluatd risk to human and environmentabpulationsor TCEP.Specificallyfor human
populationsthe Agencyevaluatd risk to (1) workers and occupational nasers (ONUS) via inhalation
andoral routes(2) workers via dermal route§3) consumers via inhalation, dermal, and oral roudes,
(4) the general population via oralermal, and inhalation routds.this risk evaluation the general
population includes variowilpopulationssuch asubsistence fishers and tribal populatidfs:.
environmental population&PA evaluaté risk to (1) aquatic species via water and segliand(2)
terrestrial species via air and sehding to dietary exposure

1.1.1 Life Cycle and Production Volume
The LCDshown below irfFigure1-2 depicts theCOUsthatare within the scope of tharaft risk
evaluation during various life cycle stages, including manufacturing, processing, use (industrial,
commercial, consumer), distributicend disposal. The LCBasbeen updatedince it was included in
the TCEPfinal scope documen(y.S. EPA, 2020pto correspond with minor updates to @Us The
information in theLCD is grouped according to tl&ghemical Data ReportinCDR) processing codes
and use categorigimcluding functional use codes for industrial uses and product categories for
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industrial, commerciabnd consumer useBhe CDR Rule under TSCA requires U.S. manufacturers
(including imporers) to provide EPA with information on the chemicals they manufacture or import into
the United State€PA collects CDRlataapproximately every years with the latest collections

occurring in 2006, 2012, 2016, and 2020.

Descriptions of the industriatommercigland consumer use categories identified from the CDR are
included in theLCD (Figurel-2) (U.S. EPA, 2016)d The descriptions provide a brief overview of the
use category; thBupplemental Information on Environmental Release and Occupational Exposure
AssessmentJ.S. EPA, 2023Icontains more detailed descriptioesy(,process descriptions, worker
activities, process flow diagrams, equipment illustrations) for each manufacture, processengy use
disposal category.

Because TCEP is also known to@ccurin formulation with other flame retardants, sucl2&s
bis(chloromethyBpropanel,3-diyltetrakis(2chloroethyl) bisphospha(®&/6), this draft risk evaluation
evaluates TCEP when it-@xcurs with other flame retardants in commercial and consumer products
(eg.,when it ceoccurs with V6). However, does not evaluatiae other flame retardants
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Figure 1-2. TCEP Life Cycle Diagram

!Due tolack ofreasonably available data, includiogrrent CDR dataEPA cannot differentiate between import
and processingites.

2SeeTablel-1 for additionaldetails oruses.

As evident inFigure 13, import, production volume, angses of TCEP in the United Statesve

curtailed in recent yearélthoughCDR data show productiorolumes for TCERn chemical formin
thetensof thousands of pounds from 2012 to 2015, the most regeisited 2020 CDR dashowedthat

no company reported the manufacture (including import) of TCEP in the United Btate2016 to

202Q However, he reporting threshold for TCEP in CDR is 25,000 Ib and some manufacturing could be
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occurring below that thresho({t).S. EPA, 2020g! The production volumef®r TCEPreported to CDR

for years 2012 to 2015 were all from one company, Aceto US LLC, a chemical manufacturer and
suppler importing TCEP in chemical form. Aceto US LLC indicated to EPA that TCERmM@sted
andused as a flame retardant for unsaturated polyester resins and for aircraft fichBurePA,

20200. Note that prior to 2012, production volume in CDR was reported in ranges.1P&Brto 2002,

the production volume reported to CDR (previously known as the Inventory Update Rule, or IUR) was
between 1 and 10 milliok. In 2006, the production volume reported was between 500,000 and 1
million Ib and in 2011 the production volume was withheld.

To supplement the CDR data, EPA also considered Datamyne import volume informattigiows

593 Ib of TCEP imported in 202Descartes Datamyne icammercial searchable trade database that
covers the imporexport data and global commerce of more than 50 coulf&iesss 5 continents) and
includes crosdorder commerce of the United States with over 230 trading patihessartes, 2030

The trade data are gathered frdmaU.S. Customs Automated Manifest Syst&mce 2014, total
importsof TCEP in chemical formange in volume over the time from approximately 96 82&

2014) to 593b (in 2020)(Descartes, 2090Note that for 2014, the Aceto US LLC data is included in
the total production volume for CDR and Datamyne. For 2020, Sigma Aldrich Corp reported the 593
Ib.2

The 2016 CDR reportmdata and Datamyne import volume data for T@E€hemical formare
provided inFigurel-3. TCEP imported in articleis not captured inhese dataNote, EPA only recently
addedTCEPto the Toxics Release Inventoif Rl) with the first year of reporting from facilities due
July 1, 2024.

! Note thatoecause€CDR generallydoes not include information on impurities or manufacturing solely in small quantities for
research and development, detausesmall manufacturers are exempt from 2020 CDR reporting, some manufacturing

could be occuring at small manufacturers. Howelz&4 does not consider domestic manufacturing of TCEP to be

reasonably foreseeable. LastNGEP imported in articles would not be captured in CDR.

2Due to the nature of Datamyne data, some shipments contdi@EEBmay be excluded due to being categoriaader

other names that were not included in the search terms. There also erayrbi@ the data that prevent shipment records
containing the chemical from being located. Datamyne does not include articles/products containing the chemical unless the
cheamical name is included in the descriptidowever, lased on descriptions provided on the bills of ladiigure £3

provides an estimate of the volume of TCEP imported as the chemical (not in an identified grodu2€)12 to 2020.
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Reported Aggregate TCEP Production Volume (lbs.) by Year
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Figure 1-3. Reported Aggregate TCEP Production Volume (lb) 2012020
Note: CDR data for the 2016 reporting period is availableGh@mView Because of an ongoing CBI

substantiation process required by amended TSCA, the CDR data availaidalmafthisk evaluation is more
specific than currently provided in ChemVi¢w.S. EPA, 2019aF o r

is included in both the CDR data and the Datamyne data.

Given the uncertainties ihe current production volume foICEP, EPA used two production uahes

2014,

2020

Aceto

Uus

LLCOs

in its analysedor this draftrisk evaluation: 2,500 and 25,000 |b. The 2,500 Ib production voisiosed
as amorerealistic estimateeflecting current production volumeshile 25,000 Ib is used as an upper
bound estimate based on the 2020 CDR reporting threshold. There are several reasons why EPA
considers 2,500 Ib to be a more realistic production volkingt, the decreasing aggregate TCEP
production volumes according CDR and Datamyneas shown ifrigure 13, suggest that the
production volume is now somewhere below the 2020 CDR reporting threshold of 25,6 Ib
Datamyne showing 593 if TCEPimportedin 2020and generally the most recent Datamyne

information (D17to 2020) in the low thousands pbundsor lower. Additionally, EPA receivegublic

comment{EPA-HQ-OPPT20180476:0041)on thefinal scope documerft).S. EPA, 2020p

confrmngi ndustryos

Communicatiorwith industryfurthersupported théeclining use of TCEP as mangmpanies have
since discontinued or reformulated products that contained T&/R thougi CEP is still in use for

t r a rdemedticuse of T@GER a y

from

t he

several commercial and consun@Us(EPA-HQ-OPPT201804760056. However there is no

federal ban on the manufacture, process, or us€BPthat would prevenproduction volumes from

increasing agaifseeAppendix Bfor theregulatory historyof TCEP. Therefore, EPA used these two
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production volures to characterize what is possible and what is realistic given reasonably available
information.GivenE P A0 s 1, thes2%,G00 |l Upper bound production volubelieved to be an
overestimate of current production volumes in tmetéd States For these reasonghe 2,500b

production volume isised throughouhis draftrisk evaluation as EPA has more confidence that it is
reflective of current production volumdsstimates using the upper bound of 25,000 Ib are presented in
appendices and supplemental files.

1.1.2 Conditions of Use Included in theDraft Risk Evaluation
TheFinal Scope of the Risk Evaluation for Trig{@oroethyl)Phosphatd TCEP) CASRN 1196-8
(U.S. EPA, 2020pidentified and described thiée cycle stages;ategories and sulkiegoriesthat
compriseCOUs that EPA plamedto consider in the risk evaluatiofll COUsfor TCEPincluded in
this draftrisk evaluation are reflected in th€D (Figurel1-2) and conceptual modelSéctionl.1.2.)).
Table1-1 below presents all COUs faiICEP.

In this draft risk evaluation, EPA madedits to th€OUslisted in thefinal scope document. These edits
refl ect EPAOGs i mpr €OlsHased anduetmesoutaearcil anch pyibliocbmntertse
received, which have been added torgference(s) column dfable1-1. Changes include removing

Afl ame retardant o as the excl usi v e editingmdustialo n a |

u

andcomme c i al use i n faircraft interiors and produ

improved the description of the COU to avoid udingii pr oduct s not <covered
from the CDR reporting codeBPA did not receive public commeras additional commercial uses

that falOlhemtwsdedecdtegory as thadAgentyr @emo w.eqagh off at or

from theCOU, Cdinmercial usé other usé e.g.,laboratory chemicalé

All COUs assessed in this Risk Evaluation are considerggig uses. However, there are several
COUs for which part of the life cycle has ceased, suchamsifacturing (including import) and
processingHowever, other parts of the lifecycle includingyeling, commercial or consumer use, and
disposal are ogoing. These COUs are identifiedTable1-1 and include four COUs for commercial
use and five COUs for consumer use.

Table 1-1. Conditions of Use in the Risk Evaluation forTCEP

Life Cycle
Stage Category’ Subcategory Reference(s)
Manufacturing | Import Import U.S. EPA (2016d)
Processing Paint and coating (U.S. EPA, 2019aDuratec, 2018U.S.
incorporation into manufacturing EPA, 2017bPPG, 20162010
formulation, mixtureor Flame Control Coatings_meeting
reaction prodct memo
Processing Polymers used in EPA-HQ-OPPT201804760015;
incorporation into aerospace equipment| EPA-HQ-OPPT201804760012;BJB
P . formulation, mixtureor | and products Enterprises (2017EPA-HQ-OPPF
rocessing reaction product 201804760045; Summary oémail
exchanges
Processing Aerospace equipment EPA-HQ-OPPT-20180476:0006;
incorporation into article and products EPA-HQ-OPPTF201804760045;
Boeing meeting memo
Recycling Recycling (U.S. EPA, 2019a
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Life Cycle
Stage Category’ Subcategory Reference(s)
Distribution in | Distribution in Distribution in
Commerce commerce commerce
Industrial Use | Other use Aerospace equipment EPA-HQ-OPPT201804760006;
and products Boeing meeting memo
Other use Aerospace equipment EPA-HQ-OPPT-20180476:0006
and products
Paints and coatings Paints and coatings | U.S. EPA (20193)Alliance for
Automotive Innovation
Laboratory chemicals | Laboratory chemical | TCl America (2018)
Furnishingcleaning, Fabric and textile EPA-HQ-OPPT-201804760015
treatment/care products product§
Commercial Furnishing,cleaning, Foam seating and Stapleton et al. (2011 $tapleton &
Use treatment/care products bedding products Hammel meeting memo
Constructionpaint, Building/construction | EPA-HQ-OPPT201804760015;
electrical] andmetal materialsi insulatio! | EPA-HQ-OPPT201804760041;EC
products (2009) citeslARC (1990)
Constructionpaint, Building/construction | EC (2009) citeslARC (1990) OECD
electrical andmetal materials’ wood and | (2006} IPCS (1998)
products engineered wood
productsi wood resin
composite$
Paints and Coatings Paints and coatin§s U.S. EPA (2019a)AI_I|ance for
Automotive Innovation
Furnishingcleaning, Fabric and textile EPA-HQ-OPPT-201804760015
treatment/care products product§
Furnishingcleaning, Foam seating and Stapleton et al. (201;1ptapleton &
treatment/care products bedding products Hammel meeting memo
Consumer Use| Constructionpaint, Building/construction | EPA-HQ-OPPT201804760015;
electrical andmetal materialsi insulatio! | EPA-HQ-OPPT201804760041;EC
products (2009) citeslARC (1990)
Constructionpaint, Building/construction | EC (2009) citeslARC (1990) OECD
electrica] andmetal materialsiwood and | (2006} IPCS (1998)
products engineered wood
products’ wood resin
compsite$d
Disposal Disposal Disposat

aLife Cycle Stage Use Definitions (40 CHR1.3)
Al nduUsterdi aneans use at a site at which one or
imported) or processed.

i CommeUsxkidalmeans the use of a chemical or a mi
article)in a commercial enterprise providing saleable goods or services.
AConsWUsmeedr means the use of a chemical or a mi

article, such as furniture or clothing) when sold to or made available to consontbesrfuse.
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Life Cycle
Stagé Category’ Subcategory Reference(s)
Although EPA has identified both industrial and commercial uses here for purposes of distinguishing s¢
in this document, the Agency interprets the auj

TSCA section 6(a)(5) toeach both.
b These categories 6fOU appear in th&CD, reflect CDR codes, and broadly represe®Usof TCEP in
industrial and/or commercial settings and for consumer uses.
¢ These subcategories reflect more specifitsof TCEP.
4 Manufacturing(including import)and processing for the€OUshas ceased.
€ This COU use includes associated disposal of the®&Jsfor which manufacturing (including import) and
processing haveeased.

1.1.2.1 ConceptualModels
The conceptual model fRigure1-4 presents the exposure pathways, exposure r@artdhazards to
humanpopulationdrom industrial and commercial activities and uses of TGHgure1-5 presents the
conceptual model for consumer activities and usegire1-6 presents general populatierposure
pathways and hazards for environmental releases and wast&sgared -7 presents the conceptual
model for ecological exposures and hazards from envirntaheeleases and wastes.
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INDUSTRIAL AND COMMERCIAL

EXPOSURE PATHWAY

EXPOSURE ROUTE POPULATIONS HAZARDS

ACTIVITIES [ USES

Manufacture (incl.
Import)

Processing:
* Incorporation into

formulation, mixture,
or reaction product
Incorporation into
article

Liquid/Solid Contact

Indoor
Mist/Vapor/Dust

Inhalation/
Oral

Occupational

Non-Users

Hazards
potentially
associated with
acute and/or
chronic
exposures

| Recycling |

| Painting and Coatings |

| Other use | - .
Fugitive Emissions

Furnishing, Cleaning, L
Treatment/Care
Products

Construction, Paint,
Electrical,and Metal
Products

Waste Handling, Treatment,

and Disposal
T _ Wastewater, Liquid Wastes and Solid Wastes (see
© Environmental Release Conceptual Model(s)
1075

A 4

1076 Figure 1-4. TCEP Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposure and Hazards
1077 The conceptual model presents the exposure pathemgyssure routesind hazards to humampulationsfrom canmercialactivities and uses of TCEP.
1078
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EXPOSURE PATHWAYS EXPOSURE ROUTES

.
|

POPULATIONS

Liquid Oral
Contact

{ Indoor Air/ \ _

Products

Construction, Paint,
Electrical, and Metal
Products

Y

Consumer Handling of

Disposal and Waste

Vapor/Mist Inhalation

{ il I »<_ Dermal

Wastewater, Liquid Wastes and Solid

Figure 1-5. TCEP Conceptual Model for Consumer Activities and Uses: Potential Exposures and Hazards

» Wastes (See Environmental Releases
Conceptual Models)

HAZARDS

Hazards Potentially
Associated with
Acute and/or Chronic
Exposures

The conceptual model presents the exposure pathways, exposurgamditeszards to humampulationdrom consumer activities and usesI@GEP.
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RELEASES AND WASTES FROM W
INDUSTRIAL / COMMERCIAL / EXPOSURE PATHWAYS HGUTES POPULATIONS HAZARDS
CONSUMER USES

Industrial Pre-|
Treatment or
Industrial Water,
Sediment

- Indirect discharge Aquati :
o \ 4 Fish Ingestion— Ss::ielz
astewater or
———»  POTW M
Liquid Wastes ¢ R

Oral

Underground -
—> S
Injection \—’F Biosolids

N—]
——1

Hazardous and Land
Municipal —P—— Disposal
Waste Landfill Application

[

Solid Wastes Hazardous and —>
Municipal

Liquid Wastes Waste
o Incinerators | __A4\|

v

S ~ Hazards Potentially
General Associated with
-
Dea Pop\u_latiQ_> Acute and/or Chronic
) : = Exposures
Ground -
Water

Air Deposition —» Inhalation

Off-site Waste J v i

Transfer —> >
I—P Air
v K
Recycling, |
Other
Treatment
Emissions to

Air

Figure 1-6. TCEP Conceptual Model for Environmental Releases and Wastes: General Population Hazards

The conceptual model presents the exposure pathways, exposurgamdifeszards to humaopulationdrom releases and wastes from industrial
commercial and/or consumerses ofTCEP.
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RELEASES AND WASTES FROM
INDUSTRIAL / COMMERCIAL / EXPOSURE PATHWAYS POPULATIONS HAZARDS
CONSUMER USES
Industrial Pre-|

Treatment or .
Industrial Water, \

_\ALYM]'_ Sediment
= Indirect discharge
\ 4
Wastewater or POTW oL

Liquid Wastes

Underground

. N Aquatic\
Injection | \j: Biosolids Speiey
h/ oy —
et TN\

== 1
Hazardous and Land \ 4 _
Municipal —P—— Disposal Hazard§ Poten'gnally
Waste Landfill Application Associated with

Acute and/or Chronic

N Exposures

— Grou ndr A
Solid Wastes Hazardous and — Soil N i v
Municipal E
Liquid Wastes Waste < ‘. TerrestnaN
Air

— Incinerators | A4 |

Deposition

Off-site Waste ) 4

L
— N Transfer —> i \
Y

[

\ A
Recycling,
Other
Treatment

Emissions to
Air

1087

1088 Figure 1-7. TCEP Conceptual Model for Environmental Releases and Wastes: Ecological Exposures and Hazards
1089 The conceptual model presents the exposure pathways, exposureamditeszards tenvironmentapopulationdrom releases and wastes from
1090 industrial, commercial, and/or consumer uses of TCEP.
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1.1.3 PopulationsAssessed
Based on theonceptual models presentedSectionl.1.2.1 Figurel1-8 presents thbuman and
ecologicalpopulations assessed in tdisft isk evaluation.Speeifically for humansEPA evaluatedisk
to workers and ONUSs via inhalation routes and risk to workers via dermal routes; risk to consumers via
inhalation, dermal, and oral routes; risk to the general population via oral, dermal, and inhalation routes.
Forenvironmentapopulations EPA evaluaté risk to aquatic species via water and sediment, and risk
to terrestrial species var, soil, andwaterleading to dietary exposurduman health risks were
evaluated for acute, shadrm/subchroni¢ chronic, andifetime exposurescenarioss appropriateand
environmental risks were evaluated for acute and chronic exposure sceasdpplicable based on
reasonably available exposure and hazard data as well as the rpauaationdor each All
consumers of products containing TCEP were considered users of those produgtstaantteis were
not assessesdeparatelypecausall the consumer COUs assessed were article scenBaothe purposes
of article exposures, consumers and bystaaler considered the same.

All lifestages

!

Surface

Water Sediment

~
ONUs
\

l

(
Workers
o

!

\ /

Terrestrial

* Inhalation
* Dermal

* Inhalation

* Inhalation
* Ingestion
* Dermal

+ Inhalation
+ Ingestion
* Dermal

Aquatic Species

Species
| *PESS: Potentially exposed or susceptible subpopulations

Figure 1-8. Populations Assessed in thiBraft Risk Evaluation

1.1.3.1 Potentially Exposed or Susceptible Subpopulations
TSCA Section 6(b)(4)(Ay equi res that risk evaluations #fAdet e
presents an unreasonable risk of injury to health or the environment, without consideration of costs or
other nonrisk factors, including an unreasonable risk to a potentially exposed or susceptible
subpopulation identified as relevant to the risk evaluation by the Administrator, under the conditions of
use. 0setti®BB A 12) st at e potentibllyeéxposetrdsusceptidersabpopulatibn me a n s
a group of individuals within the general population identified by the Administrator who, due to either
greater susceptibility or greater exposure, may be at greater risk than the general population of adverse
health effects from exposure to a chemical substance or mixture, such as infants, children, pregnant
women, workers, or the elderly. o

This draftrisk evaluation considers potentially exposed or susceptible subpopulations (PESS)
throughout the human health risk assessment (Segjti@onsiderations related PESScan influence
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the selection of relevant exposure pathways, the sensitivity of derived hazard values, the inclusion of
particular humamopulations and the discussion of uncertainties throughout the assessment
Evaluation of the qualitative and ajtitative evidence for PESS begins as part of the systematic review
process, wherany available relevamublished studies and other data identifiedlf adequate and
complete, his evidencenforms the derivation of exposure estimates and humantkaltard
endpoints/valuethat are protective of PESS.

EPA has identified a list of specific PESS factors that may contribute to a group having increased
exposure or biological susceptibilitfuch as lifestage, occupational and certain consumer exposures
nutrition, andlifestyle activities. For TCERhe Agencyidentified how the risk evaluation addressed

these factoras well as any remaining uncertaintiesr the TCEP draft risk evaluation, ER&counted

for the following PESSroups infants exposed through human milk from exposed individuals, children

and male adolescents who use consumer articles or among the exposed general population, subsistence
fishers, tribal populationgregnant womenyorkers and consumers who experiencgregated or

sentinel exposures, fenceline communities who live near facilities that emit TCEP, and firefi§gwers.
Section5.3.3andAppendix Dfor details related to this analysis.

1.2 Systematic Review

The U. S. EPAG6s Office of Pollution Prevwntion a
principles in the development of risk evaluations under the amé&r8ied. TSCA section 26(h)

requires EPA to use scientific information, technical procedures, measures, methods, protocols,
methodologiesand models consistent with the best availablensei@nd base decisions under section 6

on the weight of scientific evidence. Within the TSCA risk evaluation context, the weight of the

scientific evidence is defined &s systematic review method, applied in a manner suited to the nature of
the evidencer decision, that uses a pestablished protocol to comprehensively, objectively,

transparently, and consistently identify and evaluate each stream of evidence, including strengths,
limitations, and relevance of each study and to integrate evidenceessargcand appropriate based

upon strengths, limitations, and relevan@0 CFR 702.33).

Systematic reviewupportghe risk evaluation in that data seangh screemg, evaluation, extractign

and evidence integratiaand isused to develop thexposure and hazard assessments based on
reasonably available information. EPA defines 0
that EPA possesses or can reasonably obtain and synthesize for use in risk evaluations, considering the
deadlinedor completing the evaluation (40 CFR 702.33).

In response to comments received by the National Academies of Sciences, Engineering, and Medicine
(NASEM), TSCA Scientific Advisory Committee on Chemicals (SACC) and public, EPA developed the
Draft Systemati®keview Protocol Supporting TSCA Risk Evaluations for Chemical Subs{anges

EPA, 202) to describesystematic review approachesplemented in TSCA risk evaluations. In

response to recommendations for chemical specific systematic review protocbBisgftieisk

Evaluation for Tris(2chloroethyl) Phosphate (TCEP)Systematic Review Protoddl.S. EPA, 2023

(al so referred to as the ATCEP Systneopdaiesto Revi e
approaches outlined in the 2021 Draft Systematic Review Protocol that reflect NASEM, SACC and
public comments as well as chemisglecific risk evaluation needs. For example, EPA has updated the
data quality evaluation process and will noplement quantitative methodologies to determine both

metric and overall data or information source data quality determinations. Screening decision
terminology é.9 , Amet screening criteriad as opposed t
consistencyand transparency and to more appropriately describe when information within a given data
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source met disciplinspecific title and abstract or fetkxt screening criteria. Additionapdates and
clarifications relevant for TCEP data sources are desciibgictater detail in th€CEP Systematic
Review Protoco(U.S. EPA, 2023n

The systematic review process is briefgsdribed irFigure1-9 below. Additional details regarding
these steps are availabletie 2021 Draft Systematic Review Proto€bl.S. EPA, 202). Literature
inventory trees and evidence maps for each discipdirge, iuman health hazard) displaying results of
the literature seahcand screening, as well as sections summarizing data evaluation, extraction, and
evidence integratioare included in th& CEP Systematic Review Protodl.S. EPA, 2023

+Based onthe «Title/abstractand «Evaluateand «Extract relevant sEvaluateresults
approach full-text screening document the information based both withinand
described inthe based on pre- quality of studies on pre-defined across evidence
Literature defined based on pre- templates. streams to develop
Search Strategy inclusion/exclusion defined criteria. weight of the
documents. criteria. scientific evidence

conclusions.
Data Search Data Screen Data V= Data _ Evidence .
. Evaluation |v- Extraction |= Integration j\
L]

Figure 1-9. Diagram of the Systematic Review Process

EPA used reasonably available information, defined in 40 CFR 702.33, ifoefiirpose approackn
develop a risk evaluation that relies on the best available science and is based on thef tixeight
scientific evidencén accordance with TSCA sections 6 and EBA reviewed reasonably available
information and evaluated the quality of the methods and reporting of results of the individual studies
using the evaluation strategies described irR0®l Draft Systematic Review Proto¢bl.S. EPA,

2021 and the TCEP Systematic Review Protd¢alS. EPA, 2023

EPA also identified key assessments conducted by other EPA programs and other U.S. and international
organizations. Depending on the source, these assessments may include inforn@bassr the
equivalent), hazards, exposures, and potentially expaosadoeptible subpopulations. Some of the
mostpertinentassessments that were consuftedl CEPincludethe following

T U. S. E P RdwsioralPOefReviewed Toxity Values (PPRTV) for Tris{2
chloroethyl)phosphate (TCEP) (CASRN -BK58);

1 2009European Union Risk Assessment Report: CAS:9BI& Tris (2chloroethyl) phosphate,
TCEP,

1 EnvironmentCanadand Heal t h SeenadgdlfsdEsmentdd Be Challenge

Ethanol, 2chloro-, phosphate (3:1) (Tris¢2hlrorethyl) phosphate [TCEP))

Aust r al Etleados 2c2dol phosphate (3:1): Human healtier || assessment

Aust r al Etmados 2cBdol ghosphate (3:1): Human health tier Il assessment

A T S D R@2Toxicological Profile for Phosphate Ester Flame Retardants

NTPO6s 1991 T e clThxcolapyaadnd Reipogendsis Stutlies of Tribroethyl)

Phosphate (CASRN 1-B%-8) in F344N Rats and B6C3F1 Mice (Gavage Studiasd

T I ARC 6 sMohograpds on the Evaluation of Carcinogenic Risks to Humans Volume 71

= =4 -8 -9
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1.3 Organization of the Risk Evaluation

This draft risk evaluation for TCEP includes five additional major sectahstof REFERENCESand
severalAPPENDICES Section2 summarizes basic physieghemical characteristics as well as the fate
and transport of TCEP. Secti@nncludes an overview of releases and concentrations of TiCtie
environment. Sectiod provides a discussion and analysis @& &mvironmental risk assessment
includingthe environmental exposure, hazard, and risk characterization baseddiUkéor TCEP.
Section5 presents the humandith risk assessment, including the exposure, hazard, and risk

characterization based on tG®Us Sectionb also includes a discussion of PESS based on both greater
exposure andr susceptibility, as well as a description of aggregate and sentinel exposures. Sections
and5 both discuss any assumptions and uncertainties and how they impact the draft risk evaluation.

Finally, Sectiorbpr esent s

EPAG6s proposed

det er mi

nati on

unreasonable risto human health or the environmeasta whole chemical approach amdler the

assessed@Us

Appendix Aprovides a list of abbreviations and acronyms as avglbssary o§electtermsused
throughout this draft risk evaluatioAppendix Bprovides a brief summary of the federal, state, and
internationakegulatory historyof TCEP. Appendix Clists all separatesupplemental fileassociated
with this draft risk evaluatigrwhich can be accessed through hyperlinks inclunidoe references. Al
subsequerdppendices include more detagld analysisanddiscussiorthan areprovided in tke mainbody

of thisdraftrisk evaluatiorfor TCEP.
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2 CHEMISTRY AND FATE AND TRANSPORT OF TCEP

Physical and chemical properties determine the behavior and characteristics of a chemical that inform its

condition of use, environmental fate and transport, poteotadity, exposure pathways, routes, and

hazardsEnvironmental fate and transport include environmental partitioning, accumulation,

degradation, and transformation processes. Environmental transport is the movement of the chemical

within and between envwnmental media, such asg, water, soil, and sedimemftransformation or

degradation occur through reaction of the chemical in the environment. Thus, understanding the
environmental fate of CEPinforms the determination of the specific exposure pathvaays potential

human and environmentabpulationghatEPA considered in this draft risk evaluation.

2.1 Physical and Chemical Properties

EPA gathered and evaluated physical and chemical property data and information according to the

process described the 2021 Draft Systematic Review Protoc@).S. EPA, 202). During the
evaluation off CEP, EPA considered both measured and estimattgdical and chemicgroperty
data/informatiorsummarizedn Table2-1, as applicableMore detailsare given in AppendiE.1
Information on the fullextracteddatasets available in the supplemental fllraft Risk Evaluation for
Tris (2-chloroethyl)Phosphaté TCEP)i Systematic Review Diata Quality Evaluation and Data
Extraction Information for Physical and Chemid&loperties(U.S. EPA, 2023t

TCEP is a clear, transparent liquid with a slight qd@DE, 2016 U.S. EPA, 2015pECB, 2009 Lewis

and Hawley, 200/Weil, 2007 andlow viscosity(

TCEPisusedasaflarneet ar dant
decompose at 32 (DOE, 2016 U.S. EPA, 2015pToscano and Coleman, 20 EXB, 2009 IARC,
1990. TCEP is appreciably soluble in water with water solubility of 7,820 mg/L &€24hd dow log
Kow (1.78 (U.S. EPA, 2019h2015h EC, 2009 ECB, 2009 Verbruggen et al., 2005With a vapor

additive

IARC, 1990. As a chlorinated phosphate ester,
and °@dndleginsmi zer

pressure of 0.0613 mmHg at 26 (U.S. EPA, 2019hDobry and Keller, 1957and a boiling point of

330°C (U.S. EPA, 20190DOE, 2016 U.S. EPA, 2015aHaynes, 2014Toscano and Coleman, 2012

TCEP has low volatility and is categorized as a sewfatile organic compound (SVOQECHA, 2018

TERA, 2015. However, TCEP will become more volatile when the temperature increases (0.5 mmHg at

145°C) (Toscano and Coleman, 20I¥TP, 1992.

Table 2-1. Physical and Chemical Properties oT CEP

Overall Quality

Property Selected Valué Reference(s) Determination®
Molecular formula CeH12Cl304P
Molecular weight 285.49 g/mol

Coleman, 201p

Physical form Clear, transparent liquid| (DOE, 2016 U.S. EPA, 2015pECB, High
with slight odor 2009 Lewis and Hawley, 20Q®Veil,

2000

Melting point 155°C (DOE, 2016 U.S. EPA, 2015#; High
Toscano and Coleam, 2012

Boiling point 330°C (U.S. EPA, 20190DOE, 2016 U.S. High
EPA, 2015aHaynes, 2014Toscano anq
Coleman, 201p

Density 1.39 g/cmi at 25°C (DOE, 2016 Haynes, 2014Toscano an(¢High
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Property

Selected Valué

Reference(s)

Overall Quality
Determination®

Vapor pressure

0.0613 mmHg at 25C

(U.S. EPA, 20199Dobry and Keller,
1959

High

Vapor density 9.8 @r=1 (ILO, 2019 High

Water solubility 7,820 mg/L at 20C (U.S. EPA, 2015pEC, 2009 ECB, High
2009 Verbruggen et al., 2005

Octanol:water partition 1.78 (U.S. EPA, 2015pEC, 2009 ECB, High

coefficient (log Kow) 2009 Verbruggen et al., 2005

Octanol:air partition |7.86t07.93 (Okeme et al., 2090 High

coefficient (log Koa)

Henryds L a|294% 06 atmm*molat|(U.S. EPA, 20124 High

25°C (calculated)

Flash point 225°C (closed cup) (U.S. EPA, 2015m High

Autoflammability 480°C (ILO, 2019 ECB, 2009 Medium

Viscosity 45cP atR°C (IARC, 1990 High

Refractive index 1.4721 (Haynes, 2014Dobry and Keller, 1957 |High

@ Measured unless otherwiseted
P AiOverall Quality Determinatiodsapply to all references listed this table
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2.2 Environmental Fate and Transport

TCEP i Environmental Fate and Transport (Section 2.2)
Key Points

EPA evaluated the reasonably available informaticchtvacterize the environmental fate and
transport of TCEP hie key pointsre summarized below:

1 TCEP exists in both gaseous and particle phases under environmentally relevant cond
and partitions to organic carbon in the air. TCEP is not expectedlargo significant direct
photolysis, buTf CEP in the gaseous phas#l rapidly degrade in the atmospheregx(t 5.8
hours).

1 TCEP is not expected to undergo abiotic degradation processes such as photolysis an
hydrolysisin aquaticenvironments under environmentally relevant conditions. However,
TCEPOs rate of hydrolysis is highly dej

f TCEP does not biodegrade in water under aerobic conditions bwolatilize from surface
water despite itsdlw Henr yos L awlO€éamme/ima at25°¢).2. 945

1 TCEP can be transported to sediment from overlying surface water through advection
dispersion of dissolved TCEP and deposition of suspended solids containing TCEP.
However, TCEP may partition tveeen surface water and sediments to varying degrees
because of its wide range of log&values (2.08 to 3.46) and high water solubility (7,820
mg/L), which could contribute to its mobility in the environment.

1 TCEP accumulation in soil is unlikebecaus®f its log Koc values. Due to its high water
solubilityandd espi t e i ts | ow TEEPinrmpiétsoil wilbbath migratesta
groundwater and volatilize

1 TCEP will be minimally removed via conventional drinking water and wastewater treatr
and will be retained in wastewater effluents with a low fraction being adsorbed onto slu

1 TCEP has been detected in surface water and groundwater samples; point sources ing
wastewater effluents and landfill leachates.

1 TCEP has been detected in suefagater, air, and snow in remote locations with no knowi
source of releases but is known to undergo-@mge transport through atmospheric, plast
debris, and other natural processes.

9 TCEP does not bioaccumulate in aquatic fish but may in benthidNisenTCEP
concentrations are transferred to higher trophic levels in the food web, trophic dilution
occurs.

9 Overall, TCEP appears to be a persistent mobile organic compound (PMOC). PMOCs
dissolve in water or bind to particles, resulting in longer emvirental haHives and greater
potential for longrange transpodt especially in theair, water, and sediment compartments

2.2.1 Fate and Transport Approach and Methodology
Reasonably available environmental fate datecludingbiotic and abiotidiodegradation rates,
removal during wastewater treatment, volatilization from lakes and rivers, and organic carbon:water
partition coefficient (log Kc)d aretheparameters usdn the currentraftrisk evaluation. In assessing
the environmental fate and transporlT@EP, EPA considered the full range of results frdata
sources that were rated highality. Information on the full extractethtasets available in the
supplemental fildraft RiskEvaluation for Tris (Zhloroethyl)Phosphatd TCEP)i Systematic Review
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of Data Quality Evaluation an®ata Extractioninformation forEnvironmental Fate an@iransport
(U.S. EPA, 2023t Other fate estimates were basedmodeling results frofeP| Suite (U.S. EPA,
20120, a predictive tool for physicalndchemicalpropertiesand environmental fatestimation®
Information regarding the model inputs is availabl&ppendix E

Table2-2 provides selected environmental fate data that EPA considered while assessing the fate of

TCEPandwere updated after publication Binal Scope of the Risk Evaluation for TrisfRloroethyl)
Phosphatéd TCEP) CASRN 1186-8 (U.S. EPA, 2020pwith additional information identified through
the systematic review process.

Table 2-2. Environmental Fate Properties ofTCEP

Property or

Overall Quality

(L/kg, unless
noted)

0.2(brain), 1.6+ 0.1(qgill), and 1.6+ 0.1 (kidney) at
test substance concentration of 9.1 pg/L for juve
commoncarp Cyprinus carpi9p (OECD 305)

BCF=0.8+ 0.1 (muscle), 2.4 0.1 (liver), 2.2+ 0.1

(brain), 1.9+ 0.2 (gill) at test substance

(Wang et al.,
20173

a
Endpoint Value Referencds) Determination
Indirect t12= 5.8 hours (based d®H rate constant of (U.S. EPA, 20121 High
hotodearadation 228111 crr?/_molesec at 25C and 12hour day

P 9 with 1.5206 OH/cn?; estimated)

Not expected to be susceptible to direct photolyg (HSDB, 2015 High
Direct by sunlight because the chemical structure of TC
photodegradation| does not contain chromophores that absorb at

wavelengths >290 nm

tiz = 2 years at pH 8 and 2& (estimated) (SaintHilaire et al.,
Hydrolysis half 201) High
life ti2 = 0.083 days at pH 13; no significant degradg (Su et al., 2016

observed over 35 days at pH 7, 9, and 11

Water:13% and 4%28 days (OECD 301B) at 10 |(Life Sciences

_ and 20 mg/L testubstance concentration in Research Ltd,

Aerobic activated domestic sludge, adaption not specifie( 19900 High
biodegradation -

Soil: DTso = 17.7 days; 78%/40 days based on te| (Hurtado et al.,

substance concentration of 50 pg/kg 2017
Anaerobic No data
biodegradation

Whole body BCE 0.31+ 0.06, 0.16t 0.03, and | (Arukwe et al.,

0.34+ 0.04 at test substance concentrations of 02019

0.2, and 1.0 mg/L, respectively in the muscle of
Bioconcentration juvenile Atlantic salmonSalmo salay
factor (BCF) BCF=1.0+0.1(muscle), 4.3 0.2 (liver), 2.6x (Tang et al., 2019 High

3 SeeEPI (Estimation Programs Interface) Suiefor additional informatiorand supporting documeradout thisfreely
available onlinesuite of programswhich was reviewed by the EPA Science Advisory BogdB, 2007.
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Property or
Endpoint

Overall Quality

a
Value References) Determination

concentration of 893 pg/L, respectively abrafish
(Danio rerio) (OECD 305)

Mean BAF= 794 (muscle), 1,995 (liver), 1,995 |(Bekele et al.,
(kidney), and 1,99%gill) 202))

Mean BAF= 30.7(muscle) and0.7(liver) for (Choo et al., 2018
crucian carp Carassius auratys

Mean BAF= 2,198 at test substance concentratiq (Guo et al., 2017b
Bioaccumulation |of 0.464 ng/L fowalleye Sander vitreus

factor (BAF : ) .
(i(/:kzr fmles)s Mean BAF= 1,248for snakehead@phiocephalus |(Liu et al., 2019n High
' argug, 191for catfish Clariasbatrachug, 109 202

noted) for mudcarp Cirrhinus molitorella), 207 for

crucian carp Carassius auratys and463for

Oriental River prawnNlacrobrachiumnipponensg

Mean BAF= 6,310 for benthic invertebrates (soft | (Wang et al.,

tissue); 2,690 for pelagic fish (organ); 4,270 for |20190

benthic fish (organ and whole body)

2.082.52 (Cristale et al.,

2017

Organic 3.23+0.23 (Wang et al.,
carbon:water 20183
partition — High
coefficient 3.32 (mean; range 4.8.06) (Zhang et al.,
(log Koo) 2018h

3.46+0.48 (Zhang et al.,

2018H

Removal in ApproximatelyT 5% removal after primary (Kim et al., 201y
wastewater treatmentj 19.1% overall removal High
treatment

Benthic foodweb: 2.6 (tentative due to small sam

size,n=15) (Brandsma et al.,
Trophic No significantrelationshipwith pelagicfoodweb {2019 _
magnification andtotal food web High
factor (TMF) : :

Antarctic food chain: 5.2 (Fu et al., 202D

No significant relationship with trophic level (Zhao et al., 2018

Mean BSAKL/kg): 1.09(muscle) and®.49(liver) |(Choo et al., 2018
for Crucian carpCarassius auratys

Biota-sediment
accumulation Mean BSAF:0.0150.171 (Liu et al., 2019n High
factor (BSAF)

Mean BSAF:2.1%tT 03 for benthidnvertebrates | (Wang et al.,
andl1.481 03 for benthic fishes 2019h

a8 Measured unless otherwigeted
® Information estimated using EPI SUNgU.S. EPA, 2012
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2.2.2 Summary of Fate and Transport Assessment
Numerous studies have described TCEP as a fAubiq
various environmental compartments such as indoor air and dust, outdoor air, surface water, drinking
water, groundwater, sogediment, biota, and even precipitation all over the w@rdonaike et al.,
2021, Ma et al., 202;1Propp et al., 2021Choo and Oh, 202Qi et al., 2019bTan et al., 2019Arukwe
et al., 2018Kim and Kannan, 201&ao et al., 201 Hurtado et al., 201 WWanqg et al., 201 78radman
et al., 2014Padhye et al., 201 Lristale et al., 203Bradman et al., 203 Regnery and Pattmann,
2010h Benottiet al., 2009Fries and Puttmann, 2003001). This is because TCERprimarily used as
an additive plasticizer and flame retardant. When used as an additive, TCEP is added to manufactured
materials via physical mixing rather than chemical bonding and as a result, TCEP can easily leach or
diffuse into its surrounding environme(di et al., 2019Liu et al., 2014Wei & al., 2014 ATSDR,
2012 van der Veen and de Boer, 20ELC, 2009 ECB, 2009 NICNAS, 2002. TCEPOs physic
chemical properties suggests that its main mode of distribution in the environtieatighwater and
soil, dependig onwhere it is beingeleasd (Error! Reference source not found; AppendixE.2.1.9
(TERA, 2015 U.S. EPA, 2012dRegnery and Puttmann, 203 @hang et al., 2009

Multiple studies have identified urban sources as sources of TCEP in the environment through fugitive
emissions to aifAbdollahi et al., 201;7Luo et al., 2015Mdller et al., 201). The exact sources of

TCEP emissions from urban environment are unknown, however they are likely the articles that were
treated with or containing TCERbdollahi et al., 201;7Luo et al., 2015Wei et al., 2014Mdller et al.,

2017 Aston et al., 1996 Compared to outdoor air, TCEP concentrations are significantly higher in
indoor air, because TCEP has the potential to volatilize from treated products and diffuse into air, as
well as patition onto dust, due to its use as an addifiveet al., 2019TERA, 2015 Liu et al., 2014

ATSDR, 2012 EC, 2009 NICNAS, 200). Atmospheric deposition has been identified as an important
source of TCEP to surface water, especially in urban areas. Several dtodied ghat higher TCEP
concentrations in precipitation were generally seen in densely populated areas with high traffic volume
(Kim and Kannan, 20t&Regnery and Pittman2010h Regnery and Puettmann, 2Q08arklund et al.,
2005h. In addition, storm water and urban runoff can contribute to additional emissions to surface
water.

TCEP can be transported to sediment frararlying surface water by advection and dispersion of
dissolved TCEP and by deposition of suspended solids containing TCEP. HolWekermay partition
between surface water and sediments to varying degrees because of its wide range©iahgek
(2.08to 3.46)(Wang et al., 201§&hang et al., 201§ICristale et al., 200)7and high water solubility
(7,820 mg/L)(Lee et al., 201;8Via et al., 2017Brandsma et al., 201&ao et al., 2012 which could
contribute to its mobility in the environmeitigher concentrations of TCEP in sediment are expected
to be found at potential source locatioagy(,near urban and industrialized are@Shokwe and

Okonkwo, 2019Tan et al., 2019 ee et al., 201.8WVang et al., 2018&ao et al., 201 Maruya et al.,
2014 Cristale et al., 200)3TCEP accumulation in soil is expected to be unlikely. Due to its high water
solubility (7,820 mg/L), dissolved TCERas observed tbe mobile and migrateto groundwateby
common soil transport processes such as advection duasiaf(Propp et al., 202 Buszka et al.,

2009 Barnes et al., 2004TCEP in the soil was seenle vertically transported to deeper soil horizons,
causing TCEP concentration in the surface soil to be Igveet al., 201;7Bacaloni et al., 2008

Most flame retardanthathavefHigho or iVery Higho persistence designatigreuch as TCEP, are
persistenbecause they are expected to be stable by design to maintain theirdtandant properties
throughout its lifetimen productqU.S. EPA, 2015a Based on multiple monitoring studies, TCEP
appears to be a persistent mobile organic compound (PM@EYCscan dissolve in water or bind to
particles, resulting in longer environmental Hales and greater potential for lomgnge transport
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(Blum et al., 2019Rodgers et al., 20f&Reemtsma et al., 20).6FCEPwas detected iboth lake and
marinewaters of the ArcticwhereTCEP was quantifieth water and air far from human settlements
(>500 km). Atmospheric deposition and watershed runoff may be the primary sources of TCEP in these
remote waters where TCEP is unlikely to be rapidly transformed by hydrolysis, photolysis, or
biodegradatiorfNa et &, 2020 McDonough et al., 20%&.i et al., 2017). These findingsndicate that
TCEP has the pential to undergo lonrgange transport in air and waté&r C E Ralhgrange transport
potential (LRTP)was seen tbe significantly underestimated when using its physical and chemical
properties imuantitative structuractivity relationship QSAR) modelsbecauséhe behaviorof TCEP
in the environmendftendoes not align with its physical and chemical properfegetailed summary
of physical and chemical properties and a fate and transport assestif@&Pis available in
Appendix E
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Henry's Law Constant:
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Figure Legend

------- » Negligible - Partitioning/Transportation
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— High/Fast/Strong
— Very High/Rapid/Strong

Figure 2-1. Transport, Partitioning, and Degradation of TCEP in the Environment

#The diagram depicts thdistribution (grey arrows), transport and partitioning (black arrpavgjthe
transformation and degradation (white arrowsJGEPin the environment. The width of the arrow is a
qualitative indication of the likelihood that the indicated partitioningy@acur or the rate at which the indicated
degradation will occuri ., wider arrows indicate more likely partitioning or more rapid degradation).

- Wastewater Facility
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1341 2.2.3 Weight of the Scientific Evidence Conclusions foFate and Transport
1342 2.2.3.1 Strengths, Limitations, Assumptions,and Key Sources of Uncertainty forthe
1343 Fate and Transport Assessment

1344  Given the consistent results from numerous {gjghlity studies, there srobustconfidencehat TCEP

1345 1 is not expected to undergo significant direct photolismoendixE.2.2);

1346 1 will partition to organic carbon in the gihppendixE.2.2);

1347 1 will exist in both the gas and particle phaé&gpendixE.2.2;

1348 1 showed no significant degradation after undergoing hydrolysikytalrblysis ratevas seen to

1349 increase with increasingH (AppendixE.2.3.2;

1350 1 does not undergo biodegradation in water under aerobic condifippendixE.2.3.];

1351 1 will volatilize from surface water and moist s@ppendixes.2.3.1andE.2.4.);

1352 1 produces hazardous byproducts when undergoing thermal degra@gpendixE.2.5.);

1353 1 will not be removed after undergoing wastewater treatment and will be retained in effluents with
1354 low fraction being adsorbed onto sluddgpendixE.2.5.9;

1355 1 isminimally removed after undergoiregnventional drinking water treatmegtppendix

1356 E.2.5.3; and

1357 1 has the ability to undergo lofrgnge transpofAppendixesE.2.2andE.2.3.).

1358 As a result of limited studies identified, theraismoderateonfidencehat TCEP

1359 1 will partition to organic carbon isedimentand ®il (AppendixesE.2.3.2andE.2.4.);

1360 1 will enter surface water and groundwater from land{fppendixE.2.43);

1361 1 will not bioaccumulain fish residing in the water columiippendixE.2.6);

1362 1 maybioaccumulatin benthic fish(AppendixE.2.6; and

1363 1 does not bioaccumulate @hTCEP concenations are transferred to higher trophic lewelthe
1364 food web(AppendixE.2.6.

1365 Very limitedevidenceon anaerobic biodegradatiari TCEPexistsbecause only one mediuquality
1366 study on anaerobic biodegradation in wates identified and o degradationvas observe@Appendix
1367 E.2.3.). Additionally, no anaerobibiodegradation in sedimestudy was identifid. A detailed

1368 discussion obtrengthslimitations, assumptions, and key sources of uncertainty for the fate and
1369 transport assessmarft TCEPIs available inAppendix E
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3 RELEASES AND CONCENTRATIONS OF TCEP IN THE
ENVIRONMENT

EPA estimated environmental releases of TCEP. Se8tiotescribes the approach and methodology
for estimating releases. Estimates of environmental releases are presented irBS:&emion3.3
presents the approach, methodology, and estimates of environmental concentrations that result from
environmental releases of TCEP.

3.1 Approach and Methodology

3.1.1 Industrial and Commercial
EPA categorized the COUSs listed Trable1-1 into occupational exposure scenar{@ESs)(seeTable
3-1). EPA developed the OESs to group processes or applications with similar sources of release and
occupational exposus¢hat occur aindustrial and commercial workplaces within the scope of the risk
evaluation. For each OES, occupational exposure and environmental release results are provided and
expected to be representative of the entire population of workers and sites involreddmen OES in
the United StatedNote thatEPA may define only a single OES for multiple COUs, whilether cases
multiple OESs may be developed for a sing@U. For example, the paint and coating manufacturing
COU has two associated OESa 1-part codingsscenaricand a 2part reactive coatings scenarftPA
makesthis determination by considering \alility in release and use conditions and whether the
variability can be captured as a distribution of exposure or instead requires discrete scenarios.
Specifically, the Xpart coatings tend to be wateased formulations and could potentially have a greater
release to water whereas thpa&t reactive coatings could have greater release to incineration or
landfill. Further information on specific OE&sprovided inSupplemental Information on
Environmental Release and Occupational Exposure Asses@rh8nEPA, 20231

All COUs assessed in this Risk Evaluation are considergging uses. However, there are several
COUs for whichpart of the life cycle has ceased, sucimasufacturing (including import) and
processingHowever, other parts of the lifecycle includingyeling, commercial or consumer use, and
disposalare ongoing. These COUs are identifiedTable3-1 and include four COUs for commercial
use and five COUs for conser use.

Table 3-1. Crosswalk of Conditions of Us§¢COUs)to Occupational Exposure Scenarios Assess

COou
. OES
Life Cycle Stagé Category’ Subcategory

Manufacture Import Import Repackaging
Incorporatednto Incorporation intgaintsand
formulation, Paint and coating coatingsi 1-partcoatings
mixture, or manufacturing Incorporation intgaintsand
reaction product coatingsi 2-part reactive coating
Incorporated into

Processing formulation, Polymers used in aerospal Formulation of TCERnto 2-part
mixture, or equipment and products |reactiveresins
reaction product
Incorporated into | Aerospace equipment and — N
article products Processing into-partresinarticle
Recycling Recycling Recyclinge-waste
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COu
. OES
Life Cycle Stagé Category’ Subcategory
Distribution Distribution Distribution incommerce | Distribution activities €.9.,
loading) considered throughout
life cycle, rather than using a
single distribution scenario
IndustrialUse Otheruse Aerospace equipment and Installation ofarticle
products
Otheruse Aerospace equipment and Use and/omaintenance of

products

aerospace equipment and prody

Paints anatoatings

Paints and coatings

Use ofpaints and coatingsspray
applicationOES

Otheruse Laboratory chemicals Lab chemicali use of laboratory
chemicals
Fabric and textile products End of service lifadisposal
Furnishing (releases and exposures not
cleaning, quantified)
CommercialUse treatment/care Foam Seating and Beddin End of service lifeisposal
products Productg (releases and exposures not
quantified)
Building/construction End of service lifeisposal
materials’ insulatiorf (releases and exposures not
Construction, quantified)
paint, electrical Building/construction End of service lifeisposal
andmetal products| materialsi wood and (releases and exposures not
engineered wood produdtg quantified)
wood resircomposite$
Disposal Disposal Disposat Wastedisposal [andfill or

incineration, covered in each
COU/OES as opposed to a
separate COU)

aLife Cycle Stage Use Definitions (40 CFR 711.3)

Al nduUsterdi anle an s

use

imported) or processed.

i Co mmeUsecidalmeans
article) in a commercial enterprise providing saleable goods or services.
i Co n s Wsneeor

this

document ,

t h

means

t he

section 6(a)(5) to reach both.

® These categories GfOUsappear in th&CD, reflect CDR codes, and broadly represg@®Jsof TCEP in industrig

t he

at a site at

e umidurecdntaining @ bhenmcial ¢irecluding as paat of an

use of a

Agency

and/or commercial settings and for consumer uses.
¢ These subcateges reflect more specificOUsof TCEP.

4 This COUincludes associated disposal of th@@Usfor which manufacturing (including import) and processin

have ceased.

¢Section3.2 provide details on these OESs.

chemical or a

such as furnture or clothing) when sold to or made available to consumers for their use.
Although EPA has identified both industrial and commercial uses here for purposes of distinguishing sce

nNnetrewopr enes hiolle o0& u t o onm

which one or n

mi Xt
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The 2016 CDR dat@J.S. EPA, 2019kincluded a single reporting sitdceto Corporation in Port
Washington, w Y ork, importing TCEP, with no downstream industry sectors identified. TCEP was
not reported inhe2020 CDR(U.S. EPA, 2020n EPA did identify other data on current import
volumesand possiblemport sies fromDatamyne, apresentedn Figure 3, which showed some

TCEP imports below the CDR threshold of 25,088ite-yr. Neverthelessprocessors of TCEP may be
purchasing the chemical from importésse Supplementalnformation on Environmental Released
Occupational Exposure Assessm@ntS. EPA, 2023Ifor detail9. ThereforeEPA assumed TCEP may
still be imported at volumes below the CDR reporting threshnlEPA assessed the following two
potential scenariogl) one site importing 25,000, and(2) one site importing 2,500 IEPA modeled
environmental releases and occupational exposures for these hypothetical sdemagiash OES,
where monitoring dataverenot availabledaily releases were estimated per media of release based on
EPA Standard Modelszeneric Scenario€Ss) and/or Emission Scenario Docume(ESDs)to
generate annual releasawdfor the estimation of associated release day3EP is mt listed onthe
National Emissions InventoifNEI) and was only recently added to TRith thefirst year of reporting
from facilities due July 1, 2024EPA describes its approach and methodology for estimating daily
releases and for detailéakility level resultan Supplemental Information on Environmental Release
and Occupational Exposure Assessnient. EPA, 2023l

OES
Occupational
Assessment
Inhalation Dermal # of Workers,
Exposure Exposure ONUs Exposed
[ | [
| | | |
Monitoring . : # Workers or Number of
Data hladeline ploceline ONUs per site facilities
HSIA, Reports, BLS, Census, Census, NEI,
NIOSH, OSHA NF/FF, ESD D ESD TRI, DMR, CDR

Figure 3-1. An Overview of How EPA Estimated Daily Releases for Each OES

BLS =Bureau of Labor StatisticBEVL = Dermal Exposure to Volatile Liquids mod&MR = Discharge
Monitoring Report; ELG = Effluent Limitation GuidelineldSIA = Halogenated Solvents Industry Alliance;
NF/FF =NearField/Far Field NIOSH = National Institute of Occupational Safety and He&8HA =
Occupational Safety and Health Administration

The releases oFCEPwere estimated for each media applicable to the OESIEBP, releases could
occur to water, ajior dsposal to landTCEP released could be in the form of liquid (neat or in

formulation), vapor, and/or solid waste.
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3.2 Environmental Releases

TCEP i Environmental ReleasegSection3.2):
Key Points

EPA evaluated the reasonably available information for releases of T@R#dovironment. The
key points of the environmental releases are summarized below

I EPA assessed environmental releases of TCEP from industrial and commercial sources
as consumer products.

o For industrial and commercial sources, EPA used dataliterature,relevant ESDsor
GSsto estimate environmental releases to air, surface water, and waste disposal frg
generic facility for each OES. Some OESs could not be quantified due to insufficien
data. Of the OESs that could be quantified, the lsigietease estimates were from

A Incorporation into paints and coatirigg-part coatings

A Incorporation into paints and coatinig®-part reactive coatings

A Formulation of TCERcontaining reactive resins (for use ipart systems)

A Use of paints and coatjsi spray application OES

o For consumer products, EPA did not have enough information to assess environme

releases quantitatively. However, the Ageacknowledges that there may be TCEP
releases to the environment via the demolition and disposahstimer articlesas well
asto wastewater via domestic laundihese releases were assessed qualitatively. ER
included anecdotal information from paeviewed literature on releases from consum
articles in Sectio®.1.2.2.5

3.2.1 Industrial and Commercial
EPA combined its estimates feach activity thais reasonably expected to occur during each OES.
These activities were based using data from literature, relevant ESDs or GSs. Once these activities
were identified, existing EPA models and parameteig, (he EPA/OPPT Mass Transfer Coefficient
model, EPA/OPPT Penetratiomodel, ChemSTEER User Guide, etc.) were usedMonte Cdo
simulation to create a distributiaf releasesFrom this distribution EPA provides a highd (9%h
percentile)and central tendency (B0percentilg release values as well as a range of potential release
days. The releases presented are assuntegdrgpresentative of what would be reasonably expected to
occur at an individual generic site. In some cases, whes not reasonable to assume a single generic
site due to throughput constrictions presented in the relevant seugcé (s not reasnable to assume
that a single paint application site or laboratory would use the entire PV of 25)080ange of
potential number of sites is presented able5-2. A summary of these rangesreleasescrosOESs
is presented ifable3-2. SeeSupplementalnformation on Environmental Release and Occupational
Exposure Assessmefit.S. EPA, 2023Ifor more details on deriving the overall confidence score for
each OESFor some OES§ EPA was not able to estimaiedid notanticipate there to breleasesfor
example

1 EPA was not able to quantitlisposal of articles that historically contained TGkith
reasonably available informatiomhiswas assesseaylalitatively.

1 Installation ofarticlesare not expected to lead tgsificant releases because the articles are
expected to already be in final formv.¢, electronic potting) and not expected to undergo further
processingi(e., shaping, sanding cutting, etc.).
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1 EPA was not able to quantify releases of TCEP that couldr @ltzing the recycling of-waste.
Sources used for this provided monitoring data from breathing zone measurements from various
locations within a facility that recyclesveaste that contained very small amounts of TCEP dust.
The source of TCEP was notidtified and the source further stated that TCEP is rarely used in
electronicsEPA expects releases that could occur during this activity to be minimal and only
potentially occur at a small subset of facilities.

1 EPA lacks production volume data to assSESEP exposure from distribution into commerce
due to the declining production and manufacturing in recent y&lineugh manufacturing,
processing, and distribution into commerce of TCEP is decliisagSectiori.1.1 Table3-1);
distribution into commerce thats occurred, is ongoing, or is likely to occur durirgGU
subject to evaluation; and exposure to human or ecologagallationshas occurred or is likely
to occur will be included in the risk evaluation as an exposure associated with a COU.

3.2.1.1 Summary of Daily Environmental Release Estimates
Table3-2 andTable3-3 provide estimated releases that could occur during each,@te®xpected
media of release if releases are expected to arourg that OES, and possible number of sites where
releases could occurhe estimated daily releases are based on a 2,500 |b production vearmeost
casesthe number of sites is based on a single generidwiteever, in some cases, such as use of paints
and coatings and laboratory chemicals, a distribution of the number of sites was created. The
distributions for number of sitegerecreded for these OESs provide variability in the potential
number of siteandis further explained in thBupplemental Information on Environmental Release and
Occupational Exposure Assessm@ntS. EPA,2023).
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1473 Table3-22Summary of EPAOGs Daily Release Estimates f or E afar 5000k S
1474  Production Volume
Estimated Daily Estimated Release
Release Range acros! Type of Discharge? Frequency Range
cou OES Sites (kg/siteday) |  Air Emission,or | across Sites (day§) | Numberof | Overall o, 0o
) Facilities® | Confidence
Central Hiah-End Transfer for DisposaF | Central Hiah-End
Tendency | 9" =" Tendency| "N =N
6.35E00 |9.89E00 |Surface water 4 4 Peer
Manufacture R kaai 3. 18 E|6.03ET1 0]Fugitive orstack air 4 4 1 ic sitel Medi reviewed
Import) epackaging . . generic site| Medium literature
(Imp N/A N/A Wastedisposal (landfill| N/A
or incineration) (GS/ESD)
1.02E01 |3.52Z&01 |Surface water 6 2 Peer
. Incorporation into paints an¢ 1.56E 03 |9.608 03 | Fugitive orstack air 6 4 L . reviewed
Processing inas 1-partcoati : . 1 generic site| High literature
coatings 1-partcoatings |1 5300 |9.27E00 |Wastedisposal (landfill 7 2 Iteratur
or incineration) (GS/ESD)
2.71E01 |3.19E01 |Surface water 1 1
|ncorporation into paints and 3.656 03 7.906 03 Fugitive air 1 1 rPe?/(ia;wed
Processing |coatingsi 2-part reative 3.75B 03 |1.99H 02 |Stack air 1 1 1 generic site| High literature
coatings 340E01 |3.40E01 |Wastedisposal (landfill| , 1 (GS/ESD)
or incineration)
2.52E01 |3.15E01 |Surface water 1 1
Formulation of TCEP 3.258 03 |8.83H 03 |Fugitive air 1 1 Peer
. o . . - L . reviewed
Processing |containing reactive resins (f{2.735 03 |2.07H 02 | Stack air 1 1 1 generic site| High literaturd
use in Jpart systems) 3.40E01 [3.40E01 |Wastedisposal (landfil| L (GS/ESD)
or incineration)
N/A N/A Surface water N/A N/A Peer
P ; Processing into-part resin  |3.30H 04 |9.90H 04 | Fugitive orstack air 55 113 C . reviewed
rocessing icl : . 1 generic site| High literature
article 3.98H01 |2.50E00 |Wastedisposal (landfill|92 17 ieratur
or incineration) (GS/ESD)
Processing |Recycling ewaste EPA did not have sufficient data to estimate these releases
Distribution | Distribution incommerce Distribution activities €.g.,loading) considered throughout life cycle, rather than using a single distribution scena
Industrial Installation ofarticles Releases expectedive negligible
Use
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Estimated Daily Estimated Release
Release Range acros! Type of Discharge? Frequency Range
cou OES Sites (kg/siteday) | Air Emissionor | across Sites (dayd) | Numberof | Overall Sources
. Facilities® | Confidence
Central . Transfer for DisposaF | Central .
High-End High-End
Tendency Tendency

Use and/or maintenance of | Releases expectedlte negligible
aerospace equipment and

products
2.37E00 |2.32E01 |Surface water 1 2 95th
Use ofoints and contings L2SE0L | L14E02 | Fugitive air 1 2 ;’%fgle”“'ei Peer g
se ofpaints and coatings - , , . reviewe
spray applicatioh N/A N/A Wastedisposal (landfill| N/A N/A 50th Medium literature
or incineration) Percentile: (GS/ESD)
281
3.968 01 | 8.838 01f | Surface water 220 214 13 (Ist Peer
Lab chemicali use of 6.47H 05 | 7.99H 05 | Fugitive orstack air 220 214 percentile)i High reviewed
laboratory chemicals N/A N/A Wastedisposal (landfill 6 (5h 9 literatureé
or incineration) N/A N/A percentile) (GS/ESD)
Sg;nmermal Furnishing,cleaning,
treatment/care products
1 Fabric and textile
products
9 Foamseating and
bedding products
Constructionpaint, [Manufacturing and Pr oc e sBEPAdogsnodHave sufficientedata@adtinate thearede tsets
electrical, and metal produc| 4y occur during disposal of already existing products
1 Building/construction
materials’ insulation
1 Building/construction
materials’ wood and
engineered wood
productsi wood resin
composites
Disposal Disposal Waste Disposal (Landfill or Incineration, covered in each COU/OES as opposed to a separate COU)

aDirect discharge to surface water; indirect discharge teR@MW; indirect discharge to POTW
b Emissions via fugitive air; stack air; or treatment via incineration

¢ Transfer to surface impoundment, land application, or landfills

dWhere available, EPAsed peer reviewed literature.g.,generic scenariosr emission scenario documents provide a basis to estimate the number of release ¢
of TCEP within aCOU.
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Ccou

OES

Estimated Daily
Release Range acros!
Sites (kg/siteday)

Central High-End

Tendency

Type of Discharge?
Air Emission,” or
Transfer for DisposaF

Estimated Release
Frequency Range
across Sites (days$)

Central

Tendency High-End

Number of
Facilities®

Overall
Confidence

Sources

€Where available, EPA used peer reviewed literaterg [generic scenariosr emission scenario documentiata to provide a basis to estimate the number of siteg
using TCEP within a condition of use.

fiHigh-e n d o

percentiles

i s

t he

5t h

peegrceynd iil e

tamal xite npg @ rad e Mteinlde .

9 Multiple throughput and site scenarios are presented in Tablef $he Engineering Supplemental file

See

Section

3.

10

of
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Table3-3Summary of EPAO6s Rel cCOY/BEEsandmmaERAOS oOVv Emalhl Confi
) Air Waste Disposal
iz Eyote Category Subcategory OES SUEYE i i ; i i Ol Sources
Stage Water Fug_ltlve Stack Air | Landfill |Incineration | confidence
ir
Manufacture| Import Import Repackaging X X X W W Medium Peefreviewed
(Import) literaturé
(GS/ESD)
Incorporation X X X X W High Peerfreviewed
Incorporated into paintsand literature
into . coatings 1- (GS/ESD)
formulation, (F:’c?;rtwitnand part coatings
mixture, or manufgcturing Incorporation X X X W X High Peefreviewed
reaction into paintsand literaturé
product coatings 2- (GS/ESD)
part coatings
Incorporated |Polymers used | Formulation of| X X X W X High Peerreviewed
into in aerospace |TCER literaturé
formulation, |equipment and | containing (GS/ESD)
mixture, or products reactive resins
Processing |reaction (for usein 2
product part systems)
Incorporated | Aerospace Processing int¢ W X X X wW High Peetrreviewed
into article equipment and | 2-part resin literaturé
products article (GS/ESD)
Recycling Recycling Recycling e A A A A A Medium NIOSH
waste HHEGs u
for exposure
estimates;
insufficient
data to
estimate
releases
Distribution | Distribution Distribution in | Distribution in D_istribut_ion_ ac'givities é.g.,.loading) considered throughout life cycle, rather than using &
commerce Commerce single distribution scenario.
. Other use Aerospace Installation of W w W w W Medium Releases not
Industrial : .
Use equipment and |article expected to
products occur during
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Life Cycle Surface Alr Waste Disposal Overall
e Cy u — . . . , Vi
Stage Category | Subcategory OES Water FUE_I'[IVG Stack Air | Landfill | Incineration | confidence | S°U"¢eS
ir
handling of
aerospace
articles
Other use Aerospace Use and/or W W W w W Medium Releases not
equipment and | maintenance o expected to
products aerospace occur during
equipment and handling of
products aerospace
articles
Paints and Paints and Use ofpaints X X w wW w Medium Peerreviewed
coatings coatings andcoatings literatureé
spray (GS/ESD)
application oes
1,000 kg daily
throughput
Commercial
Use Otheruse Laboratory Lab chemicali X X X wW W Peefreviewed
chemicals useof literaturé
laboratory (GS/ESD)
chemicals
Furnishing, Fabric and Medium Peerfreviewed
cleaning, textile products literaturé
trr(.eoeijtumctigt/care Foam seating Medium Peetrreviewed
P and bedding literaturé
products
Construction, |Building/ Medium Peerreviewed
paint, construction literaturé
electrical, and | materialsi
metal products|insulation
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Life Cycle
Stage

Category

Subcategory

OES

Surface
Water

Air

Waste Disposal

Fugitive

Air

Stack Air

Landfill

Incineration

Overall
Confidence

Sources

Building/
construction
materialsi
wood and
engineered
wood product$
woodresin
composites

A

A

A A

Medium

Peefreviewed
literaturé

Disposal

Disposal

Evaluated as part of each OES as opposed to a standalone OES

X = Estimatedrelease$V= Estimatedeleases but not anticipatéd= Releases not quantified, assessed qualitatively
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3.2.2 Consumer Releases
Environmentaleleases to the environmenty occuifrom consumer articles containing TCEP via the
endof-life disposal and demolition of consumer articles in the built environrasntell as fronthe
associated dowthe-drain release of TCEP from domestic laundry that removes TCEP containing dust
from clathing to wastewater. It is difficult for EPA to quantify these eofisfe and downthe-drain
laundry exposures due to limited information on source attribution of the consumer COUSs. In previous
assessments, EPA has considered dihwsrain analysis foconsumer products scenarios where there
is reasonably foreseen exposure scenario where it can be assumed the consumee jgr.odhach
cleaner, lubricant, oils) will be discarded directly detlue-drain. AlthoughEPA acknowledges that
there may be TCEReleases to the environment via the demolition and disposal of consumer articles and
the release of TCEP to wastewater via domestic lautttgyAgencydid not quantitatively assess these
scenarioglue to lack of reasonably available informatiBRA insead assesdehem qualitatively.
Anecdotal information in the peeeviewed literature helps qualitatively describe how TCEP may be
potentially released to the environment from consumer artiglestipn5.1.2.2.5.

3.2.3 Weight of the Scientific Evidence Conclusios for Environmental Releases from
Industrial , Commercial, and ConsumerSources

For each OES, EPA considered the assessment approach, the quality of the neddeds, and
uncertainties in assessment results to determine a level of confidence as presanpptemental
Information on Environmental Release and Occupational Exposure AssegsnieriiPA, 20231 EPA
determined that the various &&d ESDs had overall qualitietermination®f high or medium,
depending on the GS/ESDhe GSs and ESDs are documents developed by EPA or OECD that are
intended to provide an omgew of an industry and identify potential release and exposure points for that
industry; they cover processes and are not specific to any chemical. This lack of chemical specificity
creates an uncertainty in the overall release estémtie assessed panater values may not always be
representative of applications specific to TCEP use in each Ateffher uncertainty is lack of
consideration for release controls. The GS/ESDs assume that all activities occur without any release
controls and in an opesysem environment where vapor and particulates freely esfapeal releases

datawould bepreferred to modeleéstimates from generic scenario®nitoringdatawerenot

available for almost all the OESs included in dnaft risk evaluation.EPA strengthened modeled
estimates by using Monte Carlo modeling to allow for variation in environmental release calculation
input parameters according to the GS/ESD athér literature source¥he Agencywas unable to
guantitatively assess releases to the environment from consumer products containing TCEP.

3.2.3.1 Strengths,Limitations, Assumptions,and Key Sources of Uncertainty forthe
Environmental ReleaseAssessment
Useof Reporting YeatRelease Trends Analysis
The2016 CDR only had one reportgr TCEPwhile the2020 CDR had no reporters; it is assumed that
TCEP has been largely phased oupraiductsit was historically used isuch as flexible and rigid foam
products EPA expectshat current users of TCEP do not surpass the CDR reporting threshold of 25,000
Ib per siteyear (.e., less than 25,00/year is used at any given site).

EPA searched the DMR database for TCEP monitoring data from 2010 toN2®aitoring data were
available for locations in California; howev@CEP was not detected in any of tlituents of the

POTWsthat were monitore@J.S. EPA, 2022 DMR data are samitted by NPDES permit holders to
states or directly to the EPA according to the
required to loaenly major discharger data into DMR and may or may not load minor discharger data.
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The definition of major vs. minor discharger is set by each state and could be based on discharge volume
or facility size. Due to these limitations, some sites that discharge may not be included in the DMR
datasetlt is uncertain the extent to which sites not captiumgtiese databases reled$gEPinto the
environment or whethehe releases ate water air, or landfill. TCEP was officially added to TRI at

the end of 2022. However, companies will not have to report on their possible management and/or use
of TCEP until July 2024.

EPA also searched other databases including the Water Quality Portal (WQP), whitogimgtrends
indicate a downward trend of TCEP concentratiorsuifiace wate(seeFigure3-9).

Use ofGeneric Scenario and Emission Scenario Documefas Number of Faglities

In some cases, the number of facilities for a given OES was estimateds$sagdESDs which are
peerreviewed These documents typically attempt to find and map applicable North American Industry
Classification System (NAICS) codesan OES. This is donéuy identifyingkeywordsrelevant to that
OESandenteing theminto the search tool dime U.S.CensuBur eaubés website. The
reviewed for relevancy and the most applicable NAICS cadeselectedlt is possible that the NAICS

codes selected may not fully represent all potential types of sites for a given OES.

UncertaintiesAssociated witiNumber ofReleaseDaysEstimate

EPA did not have site specific data for the number of release days for most OESs. Typicalg in th
casea, the Agencyassumedhat an activityoccursonce per dayg.g.,a facility may process a single

batch per day). In the event that this assumption leads to a number of operating days that exceeds 365
days it may be assumed that a site will be processing more than one batch.pg@iveaythe relatively

small productio volume of TCEP being assessed this situation was not encountered. Hawsver
possible that this could lead to either an under or over estimation of the number of reledse days.
certain circumstanceEPA chos&50 days a year d@se upper bound opossible number of operating

days because that is considered the maximum number of days a worker would be exposed, for most
OESs the number of release days was well under this value.
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3.3 Concentrations of TCEP in the Environment

TCEP i Concentrations in the Environment(Section3.3):
Key Points

EPA evaluated the reasonably available information on concentrations of TCEP in the environ
The key points on environmental concentrations are summarized:below

1 EPA assessed environmental concentrations of TCEP in air, water, and landgsolici® and
groundwater).

o For the air pathway, measured data from a variety of locations within and outside of
United States provided TCEP concentrations near facilities and locations that would
represent general population exposure, as well agnateslocations. EPA also modeled
ambient air concentrations and deposition from facilities releasing TCEP to air. The
Agency expectsrg and wet air deposition of TCERM airto land and surface waters
may be an important source of TCEP to the ambievit@mment

o For the water pathway, EPA found measured data on TCEP in surface water,
precipitation, groundwater, wastewater, and the sediment compartment. The Agenc
modeled TCEP concentrations in surface water and sediment, including air depositi
contributions to each, near facilities releasing TCEP. EPA expects surface water an
sediment to be the main environmental exposure pathways for aquatic organisms.

o For the land pathway, EPA found measured concentrations of TCEP in soil, biosolig
grourdwater. The Agency modeled soil concentrations from air deposition and biosd
as well as groundwater concentrations from landfill leachate. EPA does not expect
concentrations to accumulate in soil; rather, TCEP in soil is expected to migrate to
groundwater.

The environmental exposure characterization focusesjoatic and terrestria¢leases of CEPfrom
hypotheticalfacilities that use, manufacture, or proc€&EPunder industrial and/or commerci@aDUs
subject to TSCA regulations. To characterize environmental exposure, EPA assessed point estimate
exposures derived from both measured and predicted concentratib@EBin ambient airsurface

water, and landfillsin the United States.

A literature search was also conducted to identifypex@ewed or gray sources of TCEP monitoring
andreportedmodeled data. The tornado plots in the subsequent sections are a summary of the
monitoring for the variouenvironmentamedia.The plots prowle the range of media concentrations in
monitoring various studies. The plots are split b$.ldnd norU.S. data, fraction€.g, vapor, gas,

particle seeFigure3-9) and the studies are ordered from top to bottom from newer to older data. The
plots are colored to indicate general population, remote, near faaildyunknowrpopulation

information.

For more information on TCEP monitoring dgtéeaseseethe folloving documents

1 Environmental Monitoring Concentrations Reported by Media Typ8. EPA, 2023}

1 Environmental Monitoring and Biomonitoring Concentrations Summary Tabie EPA,
20234).

1 Data Quality Evaluation Information for General Population, Consumer, and Environmental
Exposure(U.S. EPA, 2023y
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1 Data Extraction Information for General Population, Consumer, and Environmental Exposure
(U.S. EPA, 2023p

3.3.1 Ambient Air Pathway
EPA searched peeeviewed literature, gray literaturapddatabases to obtain concentrations of TCEP
in ambient air. Sectio.3.1.1displays the aggregated results of reporteditaong concentrations for
ambient air found in the peeeviewed and gray literature from the systematic review. Se8tih.2
reports EPA modeled ambient aoancentrations and deposition fluxes.

Ambient air concentrations of TCEP were measured in six studies in the UnitedStates3-2).
Bradman et al. (2014gcorded a maximum concentration of 1.&@m° at 14 early childhood education
facilities in California between May 2010 and May 202#&verly et al. (20155ampled TCEP in
ambient air at 13 locations across Chicafimolis. They demonstrated that TCEP ambient air
concetrations (maximum of 0.33fg/m?) were slightly higher nearer to downtown Chicaigan
suburban Chicago
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3.3.1.1 MeasuredConcentrations in Ambient Air

W General Population (Background)
B Remote (Not Near Source)
mm Near Facility (Highly Exposed)
B Unknown/Not Specified
7 Lognormal Distribution (CT and 90th percentile)
A Normal Distribution (CT and 90th percentile)
Mix Combined Vapor/Gas and Particulate m  Non-Detect
3985267 - Guo et al., 2017 - CAUS m \V/
NonUS Combined Vapor/Gas and Particulate
6994279 - Bohlin-Nizzetto et al., 2019 - NO _
5386424 - Rauert et al,, 2018 - AR, BR,CL MX “&
5386424 - Ravert et al., 2018 - AR,BO,BR,CL.CO,CR.MX nv
632484 - Ohura et al., 2006 - IP “
US Particulate
2939998 - Peverly et al., 2015 - US ‘7 \v4
5163441 - Salamova et al., 2016 - US m
3864979 - Clark et al., 2017 - US m A
3027503 - Salamova et al., 2014 - US —v
3027503 - Salamova et al., 2014 - US I
2539068 - Bradman et al., 2014 - US -kﬂ
NonUS Particulate
6816026 - Maceira et al., 2020 - ES m
5163827 - Wong et al., 2018 - SE V \V/
3862723 - Lietal,, 2017 - AQ ﬁ \V/
5469544 - Sithring et al., 2016 - CA m AV
3466615 - Abdollahi et al., 2017 - CA A N
5176506 - Marklund et al., 2005 - Fl I
1927779 - Saito et al., 2007 - JP -]
NonUS Vapor/Gas
3862723 - Lietal., 2017 - AQ n \/
5017070 - Kurt-Karakus et al., 2018 - TR m
5017070 - Kurt-Karakus et al., 2018 - TR m
10#-5 1044 0.001 0.01 0.1 1 10 100
Concentration (ng/m3)

Figure 3-2. Concentrations of TCEP (ng/m3) in Ambient Air from 2000 to 2019

3.3.1.2 EPA ModeledConcentrations in Ambient Air and Air Deposition
(IIOAC/AERMOD)

EPA usedhe Integrated Indoe®utdoor Air Calculator (IIOAC), and the American Meteorological
Society (AMS)/EPA Regulatory Model (AERMOI) estimate ambient air concentrations and air
deposition of TCEP from facility releaséBDAC uses praun results from a suite of AERMOD
dispersion scenarios at a variety of meteorological anduaadettings, as well as release emissions, to
estimae particle deposition at different distances from sources that release chemical substances to the
air. AERMOD, a higher tier model, was utilized to incorporate refined parameters for gaseous as well as
particle deposition. AERMOD is steadystate plume makel that incorporates air dispersion based on
planetary boundary layer turbulence structure and scaling concepts, including treatment of both surface
and elevated sources, and both simple and complex terrain
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Industrial and commercial release estimatespaesented in Sectidh2 Table3-3 provides the
following COUs/OESSs thahave ambient air releases (stack or fugitive). These facility releases were
utilized to model ambient air coantrations and deposition via AERMOD and IIOAC.

The full set ofinputs andesultsof IOAC and AERMODare presented in Appendik 3. For the initial
IIOAC runs, EPA modeled ead thefugitive airandstack airelease scenarios for teeven relevant
OESs. In addition, due to initial uncertainties in the particle size, EPAI@AC for both fine and
coarseparticlesettings for TCEPIn IIOAC, dl calculated air concentrations of fine and coarse particles
are capped by an upper limit equal to heional Ambient Air Quality Standards (NAAQS) for
particulate matter (PMT hes e | i mi t s g/m’foefine3asd caarsalparlicieidy, tre

NAAQS for PM2.5and PMLO), respectivelyThesdimits were met fo all the OESswith stack

emissionsin addition,this limit was reached for the firparticle sizefugitive emissionsunfor the
commercial use of paints and coatirtgppendixH.3).

A further limitation ofllOAC is that itdoes nomodelgaseous depositioDue to the inability tanodel
gaseous deposition, and due to the initial screening results meeting the NAAQBRApiecided to
run a higher tier model (AERMOD) for the ambient air pathway.

AERMOD is a steadgtate Gaussian plume dispersion model that incorporates air dispersion based on
planetary boundary layer turbulence structure and scaling concepts, including treatment of both surface
and elevated sources and both simple and complexneAERMOD can incorporate a variety of

emission source characteristics, chemical deposition properties, complex terrain,-apecsite hourly
meteorology to estimate air concentrations and deposition amounts-apeasiiedpopulation

distances andt a variety of averaging times. Readers can learn more about AERMOD, equations within
the model, detailed input and output parameters, and supporting documentation by reviewing the
AERMODU s e r s 0(U.& EPADZ1R

Additional parameters were required to run the higher tier médeRMOD. EPA reviewed available
literature and referenced thencelinemethodology(Draft Screening Level Approach for Assessing
Ambient Air and Water Exposures to Fenceline Communities Versigitolselectmput parameters for
deposition, partitioning factors between the gaseous and particulate phases, particle sizes,
meteorological data, urban/rural designations, and physical source specifidafiolhslescription of
the input parameters selected A&ERMOD and details regarding pegtocessing of the results are
provided inAppendixH.3.3

AERMOD was run under two land categories: suburban forested and bodiatenf limited set of
AERMOD tests suggested suburkfanest was a reasonable and appropriately hgatitective default
land-cover selection when larmbver analysis is not possible. Bodies of water typically led to the
highest deposition value8mbient air concentrations for both land categories for €&EBare
presented ippendixH.3.3 Table3-4 is an excerpt of thenodeledannual air releasgatafor theUse
of paints and coatingsspray applicatio®ES 2,500Ib production volumg95th percentile release
estimatesuburbanforestland category scenario. The ambient air modeled concentramoindeposition
valuesare presented for two meteorology conditions (Sioux FabistfSDakotafor central tendency
meteorology{M etCT]; and Lake Charles,duisianafor higherend meteorolog{MetHIGH]), 10
distances, and percentiles 10th, 5ah and 9%h percentiles). These results indicate a maximum ambient
air concentration of 2.58g/m?* at 10 m from the facilitand maximum deposition 4f7.5g/n? at30 m
from the facility for theUseof paintsand coating$ spray applicatio®ES, 2,500b production
volume, 95%h percentile release estimate, suburban forest land catecemario.
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1657 Table 3-4. Excerpt of Ambient Air Modeled Concentrations and Deposition for the Use of Paints
and Coatingsi Spray Application OES, 2,5001b Production Volume, 95th Percentile Release
1659 Estimate, Suburban ForestL and Category Scenario

1658

1660
1661
1662
1663
1664
1665
1666
1667
1668

. Cancentrauarn (_ng/ m® by Deposition @/m?) by Percentile
Meteorology? | Distance (m) Percentile
10th 50th 95th 10th 50th 95th
MetCT 10 498H01 | 9.27801 | 1.11E00 3.29 7.00 8.14
MetCT 30 1.11601 | 2.84H01 | 4.16B01 | 2.80 5.90 7.67
MetCT 301 60 580602 | 1.34501 | 2.86H01 | 1.22 2.67 5.78
MetCT 60 3.40B02 | 9.42B02 | 1.586501 |8.46H01 | 1.87 2.58
MetCT 100 1.15602 | 3.36H02 | 6.45H02 | 2.82B01 | 6.68H 01 | 9.63H 01
MetCT 100 1,000 1.09E04 | 521504 | 490B03 | 2.21H03 | 9.07H 03 | 8.13H 02
MetCT 1,000 592605 | 1.82604 | 7.95H04 | 1.39H 03 | 3.43H 03 | 9.51H 03
MetCT 2,500 791H06 | 2.39H05 | 1.49504 |1.86H04 | 4.53H04 | 1.78H 03
MetCT 5,000 2.29506 | 8.21H06 | 4.83H05 |5.36H05| 1.71H 04 | 6.498 04
MetCT 10,000 7.68807 | 2.56B06 | 1.76H05 | 1.85H 05 | 5.44H 05 | 2.68H 04
MetHIGH 10 5.906 01 | 1.0E&00 | 2.5500 5.88 1.04 3.29
MetHIGH 30 112601 | 2.71B01 | 7.05H01 | 2.74 6.69 175
MetHIGH 301 60 487802 |1.27801 | 4.326B01 | 1.29 3.17 11
MetHIGH 60 2.88H02 | 8.69H02 | 2.23H01 | 7.09H 01 | 2.06 5.33
MetHIGH 100 8.77H03 | 3.08H02 | 8.21H02 | 2.13H01 | 7.06H01 | 1.93
MetHIGH 100 1,000 6.85H05 | 423604 | 4.606 03 | 1.61H 03 | 9.60H 03 | 1.06H 01
MetHIGH 1,000 3.25H05 | 1.62H04 | 6.08H 04 | 7.75H 04 | 3.68H 03 | 1.47H 02
MetHIGH 2,500 4546506 | 252605 | 9.06H05 | 1.06H 04 | 5.21H04 | 2.19H 03
MetHIGH 5,000 1.30E06 | 9.54H06 | 2.87H05 | 3.03H05 | 1.97H 04 | 6.75H 04
MetHIGH 10,000 2.74H07 | 4196506 | 1.32H05 | 7.098 06 | 8.75H 05 | 2.99H 04
aMetCT refers to meteorological conditions from Sioux FaksjtB Dakotagnd MetHIGH refers to meteorologic
conditions from Lake CharlesplisianaSince the scenarios are not at real locatitey, weremodeledwice
usingtwo different meteorological stationshese central tendency and higihd etimatesvere determined during
the development dE PAGs .1 | OAC

3.3.1.2.1 TCEP Patrtitioning between GaseousPhase andParticulate Phase
Dry and wet air deposition of TCEP to land and surface waters may be an important source of TCEP to
the ambient environment. Air depasit may be the result of particle depositanmdbr gaseous
deposition.

There is conflicting information about the particle size of TCEP and whether TCEP is present in the gas
or particle phase. A study of offices in China suggests that the mass median aerodynamic diameters
(MMAD) of TCEP is coarse, between 4 angdrh, and thathe contribution of TCEP is due to indoor

rather than outdoor afirang et al., 201y AnotherChinese study suggests that onlyf2centof
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TCEP is found among particle size fractions of dust samples less tiam @8 et al., 2018c A third
Chinese study indicates that the MMAD of TCEP is fine, betweamd? pum (Cao et al.2019.

Schreder et al2016)indicates that TCEP is not detected in respirable particulate fractiopsnxA
team of Canadian scientists sought to make sense of these discrepancies by examiniygathielgas
partitioning of organodposphate esterS&keme (2018gvaluated gagarticle partitioning in indoor and
outdoor air by using a group of singgarameter and polgarameter models. Their predictions suggest
that TCEP should be in the gas phase contrary to measure@keatse (2018%uggests that the
unexpectedly high particle fractions repdrta many studies is due to sampling artifagteme (2018)
argues that many of the studies with high particle fractions do not account for safe sampling volumes,
and that gaphase sorption could be contributing substantially to the mass of TCEP captured on the
filters.

As described inhe AppendixH.3.3 EPA selectea proportion of emissions in gaseous phais&2
percentand the proportion in particle phasel8 percentbased onWolschke et al. (2016)

3.3.2 Water Pathway
EPA searched peeeviewed literature, graytérature, water databases to obtain concentrations of
TCEP in surface water, precipitation, and sediment. Sec3i@n2.1 3.3.2.3 3.3.2.7 and3.3.2.8display
the aggregated results of reported monitoring and reported modeled concentrations for surface water,
precipitation, and sediment found in the pemriewed and gray literature as a result of systematic
review. Section8.3.2.4provides surface water concentrations as a results of surface water databases.
Sections3.3.2.50, 3.3.2.9 and3.3.2.10report EPA modeled surface water and sediment
concentrations.

3.3.2.1 Geospatial Analyses of Environmental Releases
No location informations availablefor facilitiesthat produce, manufacture, or useEIRC The surface
water data from the Water Quality Porfd/QP)shows TCEP concentration distributed across the
United StatesFigure3-3 indicates the detected watancentrations from the WQP from 1995 to 2022.
Many additionalsample sites recorded ndetects whichare not shown in this figure.
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Figure 3-3. Map of Nationwide Measured TCEP WaterConcentrations Retrieved from the Water
Quiality Portal, 1995 to 2022

Source:EPA Accessible Link to Interactive Figure

Size of the dots indicate magnitude of concentratea Appendipd.2.1for more details.

3.3.2.1.1 Geospatial Analysis for Tribal Exposures
AlthoughEPA did not identifyfacilities that release TCE®n orneartribal lands TCEP has been
detected in surface water and/or groundwateorneartribal lands.Groundwater samples collected in
2000downgradient othe Norman Landfilhad TCEP concentrations between 0.22 to Qg/4. Figure
3-4 indicates that the Norman Landfill waksolocated within a few miles from the Chicleas Tribal
Lands in OklahomaThe landfillclosed in 1985was covered with a clay cap, and vegetéizdnes et
al., 2003,
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Figure 3-4. Map Indicating Norman Landfill in Proximity to Tribal Lands
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In 2018, concentrations in groundwater of up to 2.4 pg/L were deteictieel @wentyNine Palms Band
of Missions Indians in Coachellaalifornia (Figure3-5). Theseconcentration data were provided by
E P A8TORage and RETrieval (STORET) Data Warehaa#w®er than collected as part of landfill
monitoring efforts like the example abowvéis sitewas monitored again in 2019 (0.@4/L) and twice
in 2021 (0.79 to 0.84g/L) (STORET via(NWIS et al., 202)).
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Figure 3-5. Groundwater Concentration of TCEP Reported near TwentyNine Palms Reservation
near Coachella, California
SourceEPA Accessible Link to Interactive Figure

See Appendid.2.1for more details.

3.3.2.2 Measured Concentrations in Surface Water
A summary of surface water monitoring studies is providdegare3-6. Six U.S. studies were

identified( f i v e

n

t he

AUS Not

Speci fi ed o Sesaptd ei ab. n

(2014)reported TCEP awentrations at 581 ng/L in October 2011 and 785 ng/L in July @0h& Los

Angeles and San GabriRlvers during low flow conditions. TCEP concentrations in the Santa Clara

River, Galifornia, were recorded up to 810 ng/L during low flow events in 2048 uya et al., 2016

A Korean study found midstream concentrations of TCEMEs higher than upstream values (234 vs.

15.0 ng/L)(Choo et al., 2018 This study suggested that a potential cause of the elevated TCEP

concentations was due to an industrial complex involving fiber manufacture being located near the

midstream site.
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US Not Specified
4182703 - Maruya et al., 2016 - US

4181598 - Sengupta et al., 2014 - US
4253347 - Padhye et al., 2014 - US
5469762 - Giorgino et al., 2007 - US

3353787 - Kolpin et al., 2002 - US

B General Population (Background)
mmmmm Near Facility (Highly Exposed)
Remote (Not Near Source)
Normal Distribution (CT and 90th percentile)
Lognormal Distribution (CT and 90th percentile)

Non-Detect
VASVAN
(v V)

gdp>m

Y, v/

Mix Not Specified

4530235 - Scott et al., 1996 - CA,US

NonUS Not Specified

5305891 - Gadelha et al., 2019 - PT

5428453 - Gao et al., 2019 - SE

5469295 - McDonough et al., 2018 - CA,GL
4829919 - Blum et al., 2018 - SE

5428638 - Blum et al., 2018 - SE

5469301 - Choo et al,, 2018 - KR

3862723 - Lietal, 2017 - AQ

3860951 - Loos et al., 2017 - DE

5499542 - Gustavsson et al., 2018 - SE
5469274 - Scottetal,, 2014 - AU

1788425 - Cristale et al., 2013 - GB
4330586 - Matamoros et al., 2012 - DK
2588430 - Regnery and Piittmann, 2010 - DE
2019589 - Calderdn-Preciado et al., 2011 - ES
5469263 - Regnery and Piittmann, 2010 - DE
5469315 - Gourmelon et al., 2010 - FR
1250860 - Rodil et al., 2012 - ES

2593950 - Quednow and Piittmann, 2000 - DE
1619118 - Andresen et al., 2007 - DE
4832200 - Andresen et al., 2004 - DE
5469313 - Fries and Puttmann, 2003 - DE

5469312 - Fries and Puttmann, 2001 - DE
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Figure 3-6. Concentrations of TCEP (ng/L) in Surface Water from 198Go 2017
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3.3.2.3 Measured Concentrations in Precipitation
Scott et al. (1996jecorded concentrations of TCEP in precipitation samples from 14.4 to 52.3 ng/L in
Ontario, Canada, c@tted in 1994Figure3-7).

m General Population (Background)
us B Remote (Not Near Source)

4530235 - Scott et al., 1996 - US

NonUS
3862723 - Lietal., 2017 - AQ |

2662833 - Mihajlovic and Fries, 2012 - DE I
2662833 - Mihajlovic and Fries, 2012 - DE l
2588430 - Regnery and Piittmann, 2010 - DE _
2588430 - Regnery and Piiumann, 2010 - DE I
2598725 - Regnery and Puettmann, 2009 - DE -
2598725 - Regnery and Puettmann, 2009 - DE .
2598725 - Regnery and Puettmann, 2009 - DE I
2598725 - Regnery and Puettmann, 2009 - DE _
5469313 - Fries and Puttmann, 2003 - DE I

0.01 0.1 1 10 100 1004
Concentration (ng/L)

Figure 3-7. Concentrations of TCEP (ng/L) in Precipitation from 1994to 2014

3.3.2.4 Measured Concentrations in Surface WateDatabases
Measured surface water concentrations were obt a
using the WQP tool, which is the ndaaamdmdlglesl ar ge
results from EPAGs STORage and RETri ev®&lrvef STORE
(USGS) National Water Information System (NWIS), and other federal, state, and tribal sources.

The complete record of national monitoring offace water reported by the WQP were reviewed to
summarize the prevalence of TCEP in raw surface waitéfiS et al., 202, Data retrieved in January
2023 included ampling dates from 2001 to 2022 and resulted in 9,892 available sample Eguilts (
3-8.). Full details of the retrieval and processing of ambiarfase water monitoring data from the
WQP are presented AppendixH.2. Figure3-8. shows the range of TCEP concentrations detected in
surface water sampléise lowest detected sample concentrations within the data set are 0.0RIpgfL
(95 perceny of the sample records available had no level of T@&Rcted above the reported detection
l'imit for the anadetsd @Etedighpstfdetactiorelichit wae720pgél. Thad@on
detected values ranged frond®to 7.66ug/L, with a median of @3 pg/L.
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Figure 3-8. Frequency of Nationwide Measured TCEP Surface Water Concentrations Retrieved
from the Water Quality Portal, 2003to 2022

The highest concentrations of TCEP detected in surface waterlimitesl Statess 7.66 ug/L, detected
in August 2013 in Rochester,eM York (NWIS via[WQHP]). This monitoring locatioris on theGenesee
river at Ford Street bridoaithin 1,500 feet downstream of an abandoNeduumOQOil plant on the west
bank of t he Ro-Exchame reighbahoddiheywacoum Oihplant is arownfield site
that isbeing managed by the New York State Department of Environmental Conservation @PERC).
lacks data to confirrwhether Vacuum Oil is the source of TCEFRncentrations of up to 2.55 pg/L
havebeen detected in Oregon as recent as October 2020 (STORBVQH). Figure3-9 demonstrates
that surface water concentrations of TCEP have beeerafang over the last two decades.

Pager0of 572


https://www.waterqualitydata.us/provider/NWIS/USGS-NY/USGS-04231600/
https://www.waterqualitydata.us/provider/NWIS/USGS-NY/USGS-04231600/
https://www.dec.ny.gov/data/der/factsheet/c828190rir.pdf

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

Water Monitoring in the US by Time (excluding non-detects)
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1776 Figure 3-9. Time Series of Nationwide Measured TCEP Surface Water Concentrations
1777 Retrieved from the Water Quality Portal, 2003to 2022

1778 SourceEPA Accessible Link to Interactive Figure

1779 See Appendi.2.1for more details.

1780 3.3.2.5 EPA Modeled Surface Water Concentrations (E-FAST, VVWM -PSC)

1781 A tiered modeling approach was implementedefstimatingsurface water concentratioaSTCEP,

1782 EPAOGs EXxp os urssmeatBaleenng Toel, vékssos Z20E4HAST 2014 (U.S. EPA, 2007)

1783 a simple dilutiorbased model, was first used to estimate total chemical surface water concentrations in
1784 streams. As EFAST 2014does not consider chemical partitioning into various media due tocahysi

1785 andchemicéproperties (kw, Koc), it tends to overestimate total surface water concentrations and

1786 underestimatéhe chemical concentration that is sorbed to 8@tausel C E P 0 scal aridchemical

1787 properties lends it to potentially partitioning into various rag8ection2.2.2), E-FAST 2014derived

1788 exposures that were greater than the most conservative environroehiainan healtnelevantpoint of

1789 depature (POD)were triaged for further modeling using the VVWREC model which incorporates

1790 partitioning and degradation. The VVWRISC model was also used to estimate settled sediment in the
1791 benthic region of streams.

1792

1793 Predicted surface water concentratioresevnodeled for facility releases as detailed in Se@&ianThe

1794 aquatic modeling was conducted witHFBST 2014 using hypothetical annual release/loading amounts
1795 (kglyr) and estimates of the number of days per year that the annual load is redsa&mt{jors.2 for

1796 more information). As appropriate, two scenarios were modeled per release: release of the annual load
1797 over an estimated maximum number of operating days perAeditionally, the Probalbstic Dilution

1798 Model (PDM), a mo dvadre topredicEheRmumBer of dafsladtream concentration
1799 will exceed the designated COC value
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Table3-5 release estimates goeesentedbased on 2,5001b per siteyear, highrend estimateelease
scenariosthe only deviation from this is the Usepzfintsandcoatingsand the LalthemicalOESs
These deviations are due to single site throughput constrathis thie models used, in these catles
PV of 2,500b/year was used to create a distribution of the possible number off$ieg55001b was
not divided by COU, rather the full 2,5080was considered for each COU. Since CDR reporting is done
on a per sitgrearbasis, EPAestimateda 2,500Ib per siteyear Section3.2 provides a summary of the
release estimates for each COU/OE&. the maximum days of release scenarios, surface water
concentrations under 7Q10 flow conditidos E-FAST 2014ranged froml.27x10° to 111x10*for the
various exposurecenarig. Results for VWVWMPSCare overall sligtly lower for all scenarios since
VVWM -PSC accounts for additional sink effettiat arenot accounted fan E-FAST 2014 For more
information on EFAST 2014 and VVWMPSG including information on input parametesse
AppendixH.2.
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1812 Table 3-5. Summary of Modeled Surface Water Concentrationgor the 2,5001lb, High-End ReleaseEstimates

1813

Inputs E-FAST 2014 VVWM -PSC
Liiz Cyrele Categor Subcategor OES
Stage gory gory Days of | Estimated 7Q10 | Daily Pollutant | Daily Concentration | Daily Concentration
Release | Flow (m%/day) Load (kg/day) T 7Q10 (ug/L) T 7Q10 (ug/L)
Manufacture |Import Import Repackaging 4 4,130 9.88 2,392 2,390
Incorporation into 2 3,380 35.18 10,407 10,200
paintsand
, coatings’ 1-part
Paint and :
Incorporated cozlglting coatings
into manufacturing Incorporation into 1 3,380 31.89 9,436 8,280
p . formulation, paintsand
rocessing . S
mixture, or coatingsi 2-part
reaction coatings
product Polymers used | Formulation of 1 2,850 31.54 11,066 9,190
in aerospace |TCEP into 2part
equipment and | reactive resins
products
Paints and | Paints and Use ofpaints and 2 4,130 23.26 5,631 5,590
coatings coatings coatingsi spray
Commercial application
Use Otheruse |Laboratory Lab chemicali 182 4,130 0.40 96 96
chemicals use of laboratory
chemica$
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3.3.2.6 EPA Modeled Surface Water Concentrationsvia Air Deposition (AERMOD)
A study in the lower great lakes suggested that TCEP undergoes net gas phase deposition to lakes at a
flux of T 3,980 ng/nt perday (Ma et al., 202). Other studies in the open ocean have suggested that the
air-water gas exchangegredominated by volatilization from seawater to air for TCEP £239
ng/n? perday (Li et al., 207b).

EPA used IIOAC and AERMOD to estimate air deposition from facility releasetoaattulate a

resulting pond water concentration near a hypothetical fadldynd wateconcentrations from air
depositionwereestimated for th€OUs with air release®\ir deposition modeling was conducted using
IIOAC and AERMOLD Due to limitations of IOAC in incorporating gaseous and particulate deposition,
deposition results from the ABROD were utilized in calculating pond water concentratiéns.
description of thembient aimodeling and the deposition resudteprovided in Sectior3.3.1.2 Using
themodeleddeposition rates, thECEP concentration ippond watefvas calculated with the following
equations:

Equation 3-1
0&£€0QYe 0 O0O®R 00
Where
0¢&¢&0Qn-= Total annual deposition to water body catchment (ug)
"YE¢ 0 0Qn = Annual deposition flux to water body catchment (§/m
0i = Area of water body catchment fn
00 = Conversion of grams to micrograms
Equation 3-2
T e w0 E,£00Q0N
DEeQWwWOo QI s Eué'(]X)r"pO
Where
0€&€&Qudo Qi & ¢ ¢ dnnuataverage concentration in water body (Hg/
0&€0QnN = Total annual deposition to water body (ug)
0 i = Area of water bdy (n?); default = 10,000 Afrom EPA OPP
standard farm ponscenario
Pond Depth = Depth of pond; default = 2 m from ER®PP standard farm pond
scenario
CF = Conversion of cubic meters to liters

AppendixH.3.3presents the range of calculapgmzhd waterconcentration$or the differentemission
scenariosThe highest estimate@bth percentilepond wateconcentratiopacrossall exposure scenarips
for the2,500Ib production volume, higlend estimate was f@ommercial use of paints and coatings
scenario

f  1.07x10° ug/L or 1,070 pg/L at 100 m from the source; and
1 8.10pg/L at 1,000 m from the source
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3.3.2.7 Measured Concentrations in Wastewater
Laundry wastewater may be the primary source of TCEP to wastewater treatment plant influent and
subsequently to the aquatic environment. This theory suggests that the TCEP in the indoor environment
is transferred to indoor dustatis subsequently transfed to clothing. The dust is removed from the
clothing during laundry and this wastewater reaches the wastewater treatment plants. Not all wastewater
treatment plants are fully effective in removing TCBRd the subsequent effluent may result in higher
concentrations in the aquatic environmg&hthreder and La Guardia, 2Q1¥Wastewater monitoring
data from multiple locations in Emeryville alifornia corroborates this #ory, as the highest levels of
TCEP were shown to come from industrial laundry services at levels ofi§/lZ2n wastewater
(Jackson and Sutton, 200& study in Albany New Yorkbetween 2013 and 2015 indicated mean
influent concentrations of,430 ng/L and effluent concentrations ¢£Q0 ng/L of TCERKIm et al.,
2017. The monitoring data suggests that U.S. values of TCEP in wastewater appear to be higher than
concentrations in other highcome countrieas shavn in Figure3-10.
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Figure 3-10. Concentrations of TCEP (ng/L) in Wastewater from 20010 2018

3.3.2.8 MeasuredConcentrations in Sediment

Limited information was available on measured concentrations of TCEP in sediment mtdte U

States.Maruya et al. (2016detected TCEP in coastal embayments at up to 6.98 ng/g dry weight in

Marina Del Ray, Los Angeles aBifornia,in 2013.The mean sediment TCEP concentratioasi.2
ng/g with a 9€h percentile value of 4.0 ngldaruya et al. (2016)Concentrations of TCEP were

reported at a maximum of 41 ng/g in sediment samples of the Elbe River at the mouths of five tributaries

after a flooding evenh Europe in August 200&tachel et al., 2005
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1883 Figure 3-11. Concentrations of TCEP (ng/g) in Sediment from 198@ 2017

1884 3.3.2.9 EPA Modeled Sediment Gncentrations (VVWM -PSC)

1885 A summary of the benthic pore water and sediment concentrations modeled using-YP8Wsire

1886 summarized bfZOU/OES inTable3-6. Modeled estimates are presented for the 2,500 Ib production
1887 volume, highend estimate release scenarios. Se@igdr2provides a summary of the release estimates
1888 for each COU/OES. For the maximum day of release scenarios, sediment concentrations ranged from
1889 8.94x1G to 5.04x18 pg/kg for the 2,500 Ib production volume, highd estimate release saeios.
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1890 Table 3-6. Summary of ModeledBenthic Pore Water andSedimentConcentrationsfor the 2,500 IbProduction Volume, High
1891 Estimate Releases

Inputs VVWM -PSC
Life Cycle i Daily - i
ot y Category | Subcategory OES Days of Estimated | 5 2ot Benthic Pore Water | Sediment
age 7Q10 Flow Concentration Concentration
Releasel (myday) | 920 (holL) (ng/g)
(kg/day)

Manufacture |Import Import Repackaging 4 4,130 9.88 155 894
Paint and coating Incorporation into 2 3,380 35.18 339 1,960
manufacturing | paints and coatings

into Incorporationinto 1 3,380 31.89 155 893

Processin formulation, paints and coatings

9 mixture, or T 2-part coatings
reaction Polymers used il Formulation of 1 2,850 31.54 185 1,070
product aerospace TCEP into2-part
equipment and |reactive resins
products
Paints and |Paints and Use ofpaints and 2 4,130 23.26 180 1,040
coatings coatings coatingsi spray

Commercial applicationOES

Use Otheruse |Laboratory Lab chemicali use 182 4130 0.40 66 380
chemicals of laboratory

chemicals

1892
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1893 For more information on the VVWNPSC methodology, including inputs used, plessssAppendix
1894 H.2.4

1895 3.3.2.10EPA Modeled Sediment Gncentrationsvia Air Deposition (AERMOD)

1896 EPAusedAERMOD to estimate air deposition from facility releases and calculate a resdtngent
1897 concentration near a hypothetical faciliBedimentoncentrations from air depositiarereestimated
1898 for the condition of use scenarios with air relea8@sdeposition modeling was conducted usitf@AC
1899 and AERMOD Due to limitations of IIOAC in incorporating gaseous and particulate deposition,
1900 deposition results from the AERMOD were utilizedccalculating sediment concentratioAs.

1901 description of the modeling and the deposition results is provided above in Se8tib@ Additional
1902 details on IIOAC and AERMOD are presenteddippendixH.3.3 Using themodeleddeposition rates,
1903 theTCEPconcentration isedimenivas calculated with the followingquations:

1904

1905 Equation 3-3

1906 0&€E0QYeEOO®DR 60
1907
1908 Where
1909 0&€&e0Qn= Total annual deposition to water body catchment (ug)
1910 “YE 0'0Qn = Annual deposition flux to water body catchment (§/m
1911 01 = Area of water body catchment fn
1912 00 = Conversion of grams to micrograms
1913
1914
1915 Equation 3-4
1916 "YQ'QQIEEEODQE O L:AQ 0 Q¢ D EE 0NN
0 51 b Qo 0QE |
1917 Where
1918 "YQQQORE ® = Annualaverage concentration in water body (ug/kg)
1919 0&€0QnN = Total annual deposition to water body (ug)
1920 0 i = Area of water body (R); default = 10,000 Afrom EPA OPP

1921 standard farm ponscenario

1922 Pond Depth = Depth of pond; default = 2 fnom EPAOPP standard farm pond
1923 Scenario

1924 Mix = Mixing depth (m); default = 0.1 m

1925 Dens = Density of sediment; default = 1,300 kg/from the European
1926 Commission Technical Guidance Documg@atB, 2003.

1927

1928 AppendixH.3.3presents the range of calculatslimentoncentrationgor the different emission
1929 scenariosEquation3-4 is conservative as it does not include a water solubility paramétemhighest
1930 estimated5th percentilesedimentoncentration amongst all exposure scenariosfevate2,5001b
1931 production volume, high end estimagteasecommercial use of paints and coatings scenario

1932 1 1.64x10* ug/kg or 16400ug/kg at fifenceline® population(100 m from the source); and
1933  1.25¢<10? ug/kgor 125ug/kga t i ¢ o mpopulatiori(1y000 m from the soae)

1934 3.3.3 Land Pathway

1935 EPA searched peeeviewed literature, gray literature, water databases to obtain concentrations of
1936 TCEP in soil, biosolids, and groundwater. Secti®i33.], 3.3.3.3 and3.3.3.5display the aggregated
1937 results of reported monitoring and reported nedeoncentrations for soil, sediment, and groundwater
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1938 found in the peer reviewed and gray literature as a result of systematic review. S&c8d@provides
1939 groundwater concentrations from water databases. Se@i8r82 3.3.3.4 and3.3.3.7report EPA
1940 modeled and estimated soil and groundwater concentrations.

1941 3.3.3.1 Measured Concentrations in Soil

1942 There are no reported soil concentration$©EP in the United States. A research team in Germany
1943 observed concentrations of TCEP from 5.07 to 23.48 ng/g dry weight. Snow melt appears to be a
1944  contributor toamplifiedsoil concentrations. The highest soil concentrations were obseneeihy after
1945 snow melt at 23.48 ng/g, whereas soil concentrathe same locatidmefore snowfaliverebelow 8
1946 ng/g The meltwater generated at the snow surface percolated downwards due tqgranidyup

1947 chemicals present at the snow grain eddéajlovic and Fries, 2012 These authors suggfed that the
1948 source of the TCEP may be due toits use in@aish aj | o v i ). TGEP levels ranged fraiml 1
1949 1.03to 2.30 ng/g dry weighin Bursa, Turkey, a city known for its textile and automotive parts

1950 manufacturingKurt-Karakus et al., 2008

1951 3.3.3.2 EPA Modeled Soil Concentrationsvia Air Deposition (AERMOD)

1952 EPAusedAERMOD to estimate air deposition from facility releases and calculate a resulting soil
1953 concentration near a hypothetical facility.

1954

1955 Soil concentrations from air deposition were also estimated f@@iéswith air releaseéseeTable
1956 3-3for a crosswalk of COU/OES with air releaséd)e air deposition modeling was conducted using
1957 1IOAC and then AERMOD. A description of the modeling and the deposition results isi@rdabove
1958 in Section3.3.1.2 Using themodeleddeposition rates, the TCEP concentration in soil was calculated
1959 with the followingequations:

1960
1961 Equation 3-5
1962 0&£€&€0QYe 0 O0O®R 00
1963
1964 Where
1965 0&€&0Qn-= Total annual deposition to soil (ug)
1966 “YE O00Qn = Annual deposition flux to soil (g/fn
1967 0 i = Area of soil ()
1968 00 = Conversion of grams to micrograms
1969
1970 Equation 3-6
1971
1972 "YE Qb 6 &£ tc 00N
£ A0 ST woqt |
1973 Where
1974 "Y¢ Qa6 ¢ £ @ Annuataverage concentration in soil (Lg/kg)
1975 0&e0Qn= Total annuabteposition to soil (ug)
1976 0 Qw = Mixing depth (m); default = 0.1 m frothe European Commission
1977 Technical Guidance DocumefftGD) (ECB, 2003
1978 0l = Area of soil ()
1979 0Qe i = Density of soil; default = 1,700 kghAfrom TGD (ECB, 2003
1980

1981 The above equations assume instantaneous mixing with no degradation or other means of chemical
1982 reduction in soil over time and tha€CEPloading in soil is only from direct ato-surface deposition
1983 (i.e., no runoff).
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Appendix481H.3.3presents the range of calculated soil concentrations corresponding to the emission
scenarios considered. From the table, the highest esti®fitepercentilesoil concentration amongst
all exposure scenarios whs the commercial use of paints and coggdiscenario

f 1.14x10* ug/kg atfifenceline population(100 m from the source); and
1 865x1000g/ kg at fpapolationid,®ODm fyom the sourde

3.3.3.3 Measured Concentrations in Biosolids
Wastewater and liquid waste treatment can result in effluent discharge to water and land application of
biosolids.A study ofawastewater treatment plant in New York reported means of combined sludge
concentrations (40.1 ng/g dry weight), ash (47.7 ngfganeight) and sludge cake (78.9 ng/g dry
weight) (Kim et al., 201). TCEPin concentratioaup to 317 ng/g dry weigl{tnean of 10.6 ng/gyas
detected in sewage sludge collected from wastewater treatment plants locatedniteith8tates
(Wang et al., 2019cDue to its persistence, it is likely that dissolved TCEP will eventually reach
surface wateand groundwater via runaodfiter the land application of biosolids. TCEP has been found at
concentrations of 4 ng/g in Canada in bioso{id®udneh et al., 20)5

3.3.3.4 EPA Calculated Soil Concentrationsvia Biosolids

Section2.2.3.lindicates that TCERill not be removed after undergoing wastewater treatiaedwvill
be retained in effluents withlow fraction being adsorbed onto sludge

To assess soil concentrations resulfiogn biosolid applications, EPA relied upon modeling work
conducted in Canad&C/HC, 201) thatusedEquation 6drom TGD (ECB, 2003, as follows:

Equation 3-7
504 0 0'Y
0o 0 80
Where
PEGoir = Predicted environmental concentration (PEC) for @od/kg)
Gsluage = Concentration in sludge (mg/kg)
ARsludg = Application rate to sludge amended soils (kg/m2/yr); default = 0.5 from
Table A11 of TGD
Dsoil = Depth of solil tillage (m); default = 0.2 m in agricultural soil and 0.hm i
pastureland from Table-Al of TGD
BDsoil = Bulk density of soil (kg/m3); default = 1,700 kg/m3 from Section 2.3.4 of

TGD

The concentration in sludge was assum&@.079 mg/kg dy weightbased orKim et al. (2017)Using
these assumptions, the estimaged concentrations after the first year of application vietd6ug/kg
in tilled agricultural soil an@.232ug/kg in pastureland.

A limitation of Equation3-7 is that it assumes no losses from transformation, degradation, volatilization,
erosion or leaching to lower soil layerSection3.3.3.7describes the potential leaching of TCEP from
landfills. Additionally, it is assumed there is no inpufl&@EPfrom atmospheric deposition and there

are no backgrounfiCEPaccumulations in the solEPA has also assumed that there is only one
applicationof biosolids per year.
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3.3.3.5 Measured Concentrations in Groundwater
TCEP was detected in a groundwater plume downgradient (0.22 tp@/LAdof the Norman Landfill,
Oklahoma. The Norman Landfill is a municipal unlined landfill (subtitle D) established inak®P0
closed in 198%Barnes et al., 20040ne domestic welh Elkhart, Indiana reported TCEP
concentrations of 0.65 to 0.74)/L between 2000 and 2002. This domestic well was near Himco Dump
a historical waste siteised for disposal until 1978uszka et al., 2009A study from Fort Devens,
Massachusetteported concentrations of 0.28 to Ol&8flL at monitoring wells dowagradient of a land
application facility(Hutchins et al., 1984 These studies suggest that there is potential for TCEP to
migrate to groundwater and domestic wells from neadsyhazardous wastandfills (e.g.,Norman
Landfill) or historical waste siteg(g.,Himco Dump,Indiana,Fort Devens Massachusetfs

R
mo G

an
A Normal Distribution (CT and 90th percentile)
us wm  Non-Detect
5469289 - Laws et al., 2011 - US

3975066 - Hopple et al., 2009 - US
4912133 - Buszka et al., 2009 - US

4832201 - Barnes et al., 2008 - US -

5469339 - Barnes et al., 2004 - US

1316091 - Hutchins et al., 1984 - US -
NonUS ' ' ' ' '
5428453 - Gao et al., 2019 - SE -7 \V/

2579610 - Regnery et al., 2011 - DE _ VA

2579610 - Regnery et al., 2011 - DE —
5469313 - Fries and Puttmann, 2003 - DE _
5469312 - Fries and Puttmann, 2001 - DE _ A \v

5469582 - Yasuhara, 1994 - JP ]
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Figure 3-12. Concentrations of TCEP (ng/L) in the Not Specified Fraction of Groundwater from
1978to 2017

3.3.3.6 Measured Concentrations inGroundwater Databases
Data were retrieved from the WQP to characterize observed concentrations of TCEP in groundwater.
These monitored values may or may not represent locations used as a source for drinking water and are
analyzed to characterize the observed ranges of TCERmoaions in groundwat@rirrespective of
the reasons for sample collection. Data retrieved in January 2023 included sampling dates from 1995 to
2021and resulted i®1 detectedesults Figure3-13 showsmost(98%, n = 3,32bof the sample records
avail able had no TCEP detected above the report
detect® )The51 detecs hada median value of 21 pg/L. Full detals of the retrieval and processing
groundwater monitoring data from the WQP are presentégpendixH.2.
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Figure 3-13. Frequency of Nationwide Measured TCEP Groundwater Concentrations Retrieved
from the Water Quality Portal, 1995 to 2021

The highest concentrations of TCEP detected in groundwater imitedStatesis 610ug/L, detected

in April 2002 in Idaho. Otar samples at similar locations in April 2004 were an order of magnitude

lower (2.8to 94 pg/L) (NWIS et al., 202p. These estimates are from groundwatelis along the

Gooding Milner Canal in the Magic Vallegdso in 2002, TCEP was detected in groundwater in

Belleview, Horida, at a concentration of 3j5g/L. A more recent value (May 2017) detected TCEP in
groundwater at a concentration of Ag/L in New Mexico.The New Mexico monitoring location is a

well in the Four Hills Village in Albuquerque,eW Mexicq which is about 1o 2 miles fromthe

Kirtland AFB Landfill. Generally, based on the WQP data, concentrations of TCEP in groundwater have
been de@asing over the last two decades.
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Water Monitoring in the US by Time (excluding non-detects)
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Figure 3-14. Time Series of Nationwide Measured TCEP Groundwater Concentrations Retrieved
from the Water Quality Portal, 1995to 2021

SourceEPA Accessible Link to Interactive Figure

See AppendiH.2.1for more detalils.

3.3.3.7 EPA Modeled Groundwater Concentrationsvia Leaching (DRAS)
Landfills may have various levels of engineering controls to prevent groundwater contamination. These
can include industrial liners, leachate capturing systems, and routine integration of waste. However,
groundwater contamination from disposal of consuc@mmmercial, and industrial waste streams
continues to be a prominent issue for many landfills throughout the United &tatesl., 2015Li et
al., 2013. These contaminations may be attributed to perforations in the liners, failure of the leachate
capturing system, or improper management of the landiiisundvater contamination with TCERay
occurwhen the chemical substance is released to landfills, underground injection wells, or surface
impoundments. Due to its physi@idchemical propertiee(g.,.wat er sol ubi |l i ty, Her
and fate charactistics €.g.,biodegradability, halife in groundwater), TCEP is anticipated to persist
in groundwater for substantially longer than in other media.

Several sources of TCEP may contribute to groundwater concentrations including industrial facility
releases and disposal of consumer products in landfills. With many manufacturing and processing uses
phased out, EPA expeasavironmental releases TCEP from industrial facilities to be declining. In

fact, EPA has seen concentrations in surface water emthgwater generally declining over time.
However,environmental releasdéom landfills may remair(or increase)EPA considerethe potential

for groundwater contamination following disposal of waste containing TCEP to landfills.
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This assessment wasropleted using the Hazardous Waste Delisting Risk Assessment Software
(DRAS). DRAS was specifically designed to address the Criteria for Listing Hazardous Waste identified
in Title 40 Code of Federal Regulations (40 CFR) Section 261.11(a)(3), a requiferreraluating

proposed hazardous waslkgisting In this assessment, DRAS is being utilized to determine potential
groundwater concentrations ®€EPafter TCEP-containing consumer produdtave been disposed of

into a norhazardous waste landfill.o understand possible exposure scenarios from these ongoing
practicesEPA modeled groundwater concentrations of TCEP leaching from landfills where TCEP or
consumer products containing TCEP have been dispdbedjreatest potential for release of disposed
TCEPto groundwater is from landfills that do not have an adequate liner system

Potential groundwater concentrations resulting from disposal of TCEP to landfills vary across landfill
loading rates and concentrations of TCEP in leachate. Estimated exposegented here are therefore
based on varying landfill conditionBroduction volumes of 2,500 Ib (1,134 kg) and 25,000 Ib (11,340
kg) are used as potential loading rates. This assumes that a combination of raw TCEP and TCEP in
commercial and consumeragsall goesto a single landfill each year

Masoner et al. (2014@nalyzed leachatconcentrations from various landfills across tinétedl States

in 2011and 2012In 2011, he reported rangef TCEP in leachate concentrations in these landfills
rangedfrom 8.0<10' ! to 3.2¢<10" pg/L, with a median of Dx10' pg/L andadetection frequency of 35
percentin 2012, the maximum leachate concentration was1®1 pg/L with a detection frequency of
27 percent(Masoner et al., 20)6To account for the uncertainties in these estimatange of leachate
concentrations were selectienl the DRAS model Because DRAS calculates a weight adjusted dilution
attenuatiorfactor (DAF) rather than a groundwater concentration, a back of the envelop computation
was used to convert the DAF to a potential concentration that people living anmile of a landfill
might be exposed if the release were not identified and ietedd=or more information on the DRAS
modelplease seAppendixH.5.

Table 3-7. Potential Groundwater Concentrations {ug/L) of TCEP Found in Wells within
1 Mile of a Disposal Facility DeterminedUsing the DRAS Model

Leachate Concentration Loading Rate kg)
(Ho/L) 1.00E03 1.00E04
1.00H 01 1.08H 03 1.016 02
1.00E®@ 1.08H 02 1.016 01
1.0CE01 1.08H 01 1.01E00
1.0CE02 1.0800 1.01E01
Concentrations organized pgtential loading ratefkg) andpotential leachate concentratiqipsy/L)
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3.4 Concentrationsof TCEP in the Indoor Environment

TCEP i Concentrations in the Indoor Environment (Section3.4):
Key Points

EPA evaluated the reasonalalyailable information for concentrations of TCEP in the indoor
environment. The key points are summarized below

1 The indoor environment exposure characterization fatoseonsumer uses, disposals, and
background exposures of TCEP
o Indoor air monitoring dta show TCEP in particulate or vapor/gas form with
concentrations primarily between 0 2 and x10* ng/n?.
o Indoor dust is an important exposure pathway for TCEP. EPA found monitoring data
showing a range of TCEP concentrations in indoor dust in residential spaces, publig
spaces, and vehicles, with concentrations as higba%$32 ng/gn homes.

The indoor environment exposure characterization focuses on consumelisgesglsand background
exposures of TCEP. In addition to the contribution from consumer uses, indoor environment TCEP
concentrations were estitea from ambient contributions for air.

Notethatindoor air and dust concentratioinem consumer uses are presente&aation5.1.2
Consumer Exposures

For more information on TCEP indoor monitoring and reported indoor modeling data, please see:

1 Environmental Monitoring Concentrations Reported by Media Typ8. EPA, 2023)

1 Environmental Monitoring and Biomonitoring Concentrations Summary Tabfe EPA,
20234).

1 Data Quality Evaluation Information for General Population, Consumer, and Environmental
Exposure(U.S. EPA, 2023y

91 Data Extraction Information for General Population, Consumer, and Environmental Exposure
(U.S. EPA, 2023p

3.4.1 Indoor Air Pathway

3.4.1.1 MeasuredConcentrations inIndoor Air
The indoor air monitoring data indicates indoor air concentrations primarily betwéért and x10*
ng/m’ranges. One study indicated particulate concentrations of TCEP oflLup 1@’ ng/m? max in
PM2.5 (Wallner et al., 201R This study may have had issues with sampling arsithet to the use of
glass filters as described Bkeme (2018fsee Sectior.3.1.2for more details). There was only one
study on vapor/gas in thenided States Dodson et al. (201 Has a 9t percentile concentration of 37
ng/m® TCEP in vapor/gas.
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Figure 3-15. Concentrations of TCEP (ng/md) in Indoor Air from 2000 to 2016

3.4.1.2 MeasuredConcentrations inPersonal Air
Two studies measured TCEP in personal air in ti& Rersonal air refers to the area within the
breathing zoneSchreder et al. (201&onducted a study on whitmllar workers in urban, suburban,
and rural areas of Washington State. Participants were instructed to wear an Institute of Occupational
Medicine (IOM) sampler affixetb a shirt collar within the breathing zone continually during @4
day during normal activities, including at home and at work, traveling to and from home and work,
shopping, and socializing, and to wear or hang the sampler at breathing zoneriagetldep.
Schreder et al. (2016¢ported mean and maximum inhalable d) TCEP concentrations of 19.1
ng/mand 77.8 ng/frespectivelydetected in 8/9 participantsa Guardia and Hale (2018dnducted a
study measuring flame retardants amdrgyersonal air of four gymnastic coaches at their workplace
and their homes. TCEP was not detected in the personal air of these cOaelnes.et al. (2018)
reported a median personal air concentration of three Canadian office workers of 34 ng/m
Polydimethylsiloxane (silicone rubber) brooches were used for the sampling methodontbthe #hree
participants wore the samplers fbdays.

US Particulate W General Population (Background)
3222316 - Schreder et al., 2016 - US _
NonUS Particulate
5017615 - Okeme et al., 2018 - CA l
3357642 - Xuetal., 2016 - NO I

0.001 0.01 0.1 1 10 100
Concentration (ng/m3)

Figure 3-16. Concentrations of TCEP ig/m3) in Personal Inhalation in General Population
(Background) Locations from 2013 to 20@&
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3.4.1.3 EPA Modeledindoor Concentrationsas aRatio of Ambient Air
IIOAC calculates a mean and highd indoor air concentration based on the outdoor/ambient air
concentration anthemean and higlend indooroutdoor ratios. In IOAC, indoeoutdoor ratios of 0.65
and 1 are used for the mean and kegid ratios, respecely. The indooroutdoor ratio of 0.65 is used to
calculate indoor air concentrations corresponding to the mean outdoor air concentration for each
potentially exposed populatioithe indooroutdoor ratio of 1 is used to calculate the indoor air
concentratia corresponding to the 8%percentile of outdoor air concentration of eactentially
exposed population

IIOAC was used as a tier 1 screening model before estimating ambient exposures via AERMOD.
Results of IIOAC are presentedAppendixH.3.

3.4.1.4 Reported Modeled Concentrations in Indoor Air

Shin et al. (2014peported TCEP emission rates in a whole house of 48.417 mlaagsion rate refers
to the amount of chemical emitted per unit time.
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3.4.2 Indoor Dust Pathway

3.4.2.1 MeasuredConcentrations in Indoor Dust
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(continued)
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Figure 3-17. Concentrations of TCEP (ng/g) in IndoorDust from 2000 to 2019
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Concentrations of TCEP in dust were significantly higher in facilities with napping equipengnt
foambeds and matshade fronfoam (Bradman et al., 20)4Correlations between organoppbate

esters in dust and consumer products containing foams, furniture, and electronics strongly implicate
household items as sources of these chem(galsfe and Martincigh, 209)9In the Uhited Stats,
concentrations of TCEP in dust are reported at 88/g in houses and up tg080 ng/g in cargFang et

al., 2013. Phillips et al. (2018peported maximum concentrations of TCEP of 167,532 ng/g and a
geametricmean of 864.1 ng/g in North Carolina homes from September 2014 to April 2016 as part of
the Toddl erds Exposure to SVOCs.Aistndy of the€entemfal o o r
the Health Assessment of Mothers and Children of Sal@E&AMACOS) cohort in Californiareported
similar concentrations of TCE&Sthe TESIE cohortit found thafTCEP levels in dust are significantly
associated with the presendesgtremely worn carpei{Eastorina et al., 20).7

3.4.2.2 Reported ModeledConcentrations inIndoor Dust
Cadorina et al. (201 7)eported modeled oral doses of 0.Q@ykg-day for pregnant women via
residential indoor dust in Salinas Valleyalornia. Schreder et al. (201 6gported 5@h percentile
modeled intakes for children (82.8 ng/day) and adults (41.4 ngidagyowski et al. (2001 a low
quality study, reported a range of dust intakes of from 0.23.up/@ay.

Rantakokko et al. (2019odeled inhalation, dermalnd oral intakes of TCEP ichildren from indoor
dust.Fiftieth percentile intakes were highest for dust ingestion (2.9 rdgiy) \s. dermal absorption
(1.3 ng/kg/day) and inhalation (0.023 ng##taly). This suggests that forh i | dxpesaréts dust, dra
routes may be the most important avenue of expogaemoglou et al. (201 fhodeled adult and

toddler daily dust intakes from European homes and offices. They reported mean toddler dust intakes of

14.195 ng/kg/day for the high intake rate and 3.549 ng/kg/day in himes¢sd in the United Kingum.
Adult intakes were higher in houses (0.624 ndigwith high intake rate)s: offices (0.0214 ng/kgpw
with high intake for 8 hours spent in offices). The highest observed modeled dust intak@g(dg38
day) were reported for children at a kindetgarin Hong KondDeng et al., 2018b
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4 ENVIRONMENTAL RISK ASSESSMENT

EPA asessed environmental risks of TCEP exposure to aquatic and terrestrial species43ection
describes the environmental exposures through surface water, sedwmiieatr, and diet via trophic
transfer. Environmental hazards for aquatic and terrestrial species are described iMSuilule
environmental risk is described in Sectd8.
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4.1 Environmental Exposures

TCEP i Environmental Exposures(Section 4.1):
Key Points

EPA evaluated the reasonably available informatioefmronmental exposures of TCEP to aqual
and terrestrial species. The key points of the environmental exposure assessswentranezed
below:.

1 EPA expects the main environmental exposure pathways for TCEP to be surface water,
sediment, and soil. The ameht air exposure pathway was also assessed for its contributio
deposition to these media.

1 TCEP exposure taquatic speciethrough surface water and sediment waaleledto
estimate concentrations near industrial and commercial uses. These reseilt®npared to
measured concentrations of TCEP from databasesWQP) or published literatufgom a
variety of locations

0 Modeled data estimate surface water concentrations in the low thousauis(Géble
4-9) and sediment concentrations low thousandspbf(Table4-11) near industrial and
commercial uses.

0 Monitoring data show TCEP surface water concentrations in tited.Statesgenerally
decreasing over the last two decades.

o0 While EPA does nogxpect TCEP to bioaccumulate in higher trophic levels in the foo
web, biomonitoring from the published literature show TCEP in the tissue of several
aguatic species including fish in tleeeatLakes and harbor seals in San Francisco Bay

o0 EPA also estimatefish tissue concentratioy COU usingthe modeled water releases
from industrial and commercial uses.

1 TCEP exposure to terrestrial species through soil, air, and surface water was also asses
modeling and monitoring data.

o TCEP exposure to terrestrial organisms occurs primarily thrdigglvia thesoil
pathway with deposition from air to soil beg a sourceExposure through diet was
assessed through a trophic transfer analysis, vestimated the transfer of TCEP from
soil through the terrestrial food web using representative species.

o0 TCEP exposuréo terrestrial organismsom surface water irggtion is typically
ephemeral. Therefore, the trophic transfer analysis for terrestrial organisms assume
TCEP exposure concentratsior wildlife water intake are equal to TCEP soil
concentrations for each corresponding exposure scenario.

o Direct exposuref TCEP to terrestrial receptors via air was not assessed quantitative
because dietary exposure was determined to be the driver of exposure to Wihdlife.
contribution ofTCEPexposure from inhalation relative to the ingestion exposure rout
not expected to drive risk because of dilution associated environmental conditions.

4.1.1 Approach and Methodology
Soil and surface watare he major environmentabmpartments for TCEBeeSection2.2.2. The
environmental exposure assessment focuses on TCEP concentrations in surface water, sediment, and sc
as these are the media used to determine risks to aquatic and terrestrial organiSecsi¢sded).
Ambient air wasalsoassessed for its contrition via deposition to these media.
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Monitoring information for aquatic and terrestrial species are presenBattiors 4.1.2and4.1.3
below.Reported monitoring information on environmental medig,(surface water, sediment, air) are
presented ifsection3.3. When available, measured TCEP concentratimm databases.é., WQP) or
published literature were as used as comparative exposure concentrations for risk @R@}ient
calculations and are presentiadsection4.3.

EPA utilized various model® assess the environmental concentrations resulting fromdhstrial and
commerciakelease estimatéSection3.3). These models are-EAST, VVWM-PSC,IIOAC, and
AERMOD. Additionalinformation on these modeilsavailable in 8ction3.3. TCEPsurfacewater
concentrations (ppb) were modeled b¥AST and VVWMPSC TCEP pore water and benthic
concentrations were modeled using VVVREC as described in Sectidr8.2.9 TCEP concentrations
in soil and water via air deposition at the community level (1f@®@m the source) were modeled as
described in Secti@B.3.2.10and1.1.], respectivelyReported and modeled $ace water and sediment
concentrations were used to asSESEPexposures to aquatic species.

Measuredand modeled soil concentrations watgized to assesssk to terrestrial species via trophic
transfer §eeSectiond.1.4. Specifically, trophic transfer of TCEP and potential risk to terrestrial
animals was based on modeled soil data from AERMOD and concemsratiported withifihajlovic
and Fries (2012)Potential risk to aquatic dependent wildlife utilized surface water concentrations
modeled via VVWMPSC for each COU in combinati@€EP fish concentrations calculated using
whole body BCF reported withigArukwe et al., 2018 Exposure factor$or terrestrialorganismsused
within the trophic transfer analgsare presented iBection4.1.4. Application of exposure factors and
hazard values for organisms at different trophic levels is detailed @#dtion4.3and utilized
equations as describedtime U.S. EPA Guidance for Developing Ecological Soil Screening Lévels
EPA, 2005

For more information on TCEP monitoring data in aquatic and terrestrial specéss péthe
following supplemental documents

1 Environmental Monitoring Concentrations Reported by Media Typ8. EPA, 2023)

1 Environmental Monitoring and Biomonitoring Concentrations Summary Tabfe EPA,
20234).

1 Data Quality Evaluation Information for General Population, Consumer, and Environmental
Exposure(U.S. EPA, 2023y

91 Data Extraction Information for General Population, Consumer, and Environmental Exposure
(U.S. EPA, 2023p

4,1.2 Exposures toAguatic Species

4.1.2.1 Measured Concentratiorsin Aguatic Species
A graphical survey of TCEPoncentrations in fishes within reasonably available published literature
(sevenstudies)s presented ifrigure4-1. Guo et al. (2017kneasured concentrations of TCEP in fish
samples in the Great LakBssinusingthe Great Lakes Fish Monitoring and Surveillance Program
(GLFMSP) sampling protocolf CEP was found in more th&0 percent of the fish samples at a
geometric mean of 13.3 ng/g lipiohcludinglake trout Salvelinus namaycuglbr walleye Sander
vitreus. The lipid-based concentrations of TCEP in Lake Erie fish were significantly higher than those
of the other fouGrea Lakes.These concentrations are in line with |flidsed concentrations from
Sundkuvist et al. (2010who measured TCEP in muss@ytilus eduli3, herring(Clupeidag, eelpout
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(Zoarcesviviparus), salmon(Salmo sala), and perci{Percafluviatilis) in Swedish lakes and coastal
areas

TCEP has been recorded in the blubber of harbor Baakg vituling within the San Francisco Bay at a

median concentration of 3.4 ng/gutton et al., 200)9Sutton et al. (2019ndicated that blubber might
not be a good indicator of exposure to hydrophilic phosphased flame tardants due to degradation
and metabolism. Two European studies present lipid concengafidiCEP in aquatic mammals at
similar levels to the lipidoncentrations in fish shown aboi#ala et al., 203 Hallanger et al., 2015

W General Population (Background)
B Remote (Not Near Source)
mmmmm Near Facility (Highly Exposed)
A Normal Distribution (CT and 90th percentile)
Mix Lipid v Lognormal Distribution (CT and 90th percentile)
3985267 - Guo et al., 2017 - CA,US - Other A N
NonUS Lipid
5164308 - Santin et al., 2016 - ES - Whole Organism I
5162922 - Hallanger et al., 2015 - NO - Other d}.
2586188 - Sundkvist et al., 2010 - SE - Muscle/Filet W
2586188 - Sundkvist et al., 2010 - SE - Muscle/Filet m
2586188 - Sundkvist et al., 2010 - SE - Muscle/Filet | v v |
NonUS Wet
5469301 - Choo et al., 2018 - KR - Liver W
5469301 - Choo et al., 2018 - KR - Muscle/Filet AVVj
5469301 - Choo et al,, 2018 - KR - Other W
5469297 - McGoldrick et al., 2014 - CA - Other
2935128 - Brandsma et al., 2015 - NL - Other —v
6992056 - Evenset et al., 2009 - NO - Liver w
6992056 - Evenset et al., 2009 - NO - Muscle/Fillet "4
6992056 - Evenset et al., 2009 - NO - Whole Organism ﬁ AV
0.001 0.01 0.1 1 10 100 1000
Concentration (ng/g)

Figure 4-1. Measured Concentrations of TCEP (ng/g) in Aquatic Species Fish from 2003to 2016

4.1.2.2 Calculated Concentrations in Aquatic Species
In addition to considering monitoring data from published literature, EBdetad concentrations in
fish for each industrial and commercial release scelf@able4-1). Concentrations of TCEP in fish
were calculated by multiplying théVWM -PSCmodeled surface water concentrations for each
industrial and commercial releases scenario byitheoncentratioriactor of0.34L/kg (Arukwe et al.,
2019 (Table2-2). These conservative whole fish TCEP concentrations were utilized \thhin
screening level assessment for trophic transfer as descriBedtion4.1.4
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2299 Table 4-1. TCEP Fish ConcentrationsCalculated from VVWM -PSC Modeledindustrial and
2300 Commercial TCEP Releases

Scenario Name Production Release SwWC Fish Concentration
Volume (Ib/year) Distribution ? (ug/L) (ng/g)
Import andrepackaging 2,500 High-End 2,370 805
Incorporation intgaints 2,500 High-End 10,300 3,502
andcoatings 1-part
coatings
Incorporation intgaints 2,500 High-End 9,340 3,175
andcoatingsi 2-part
reactive coatings
Use inpaintsandcoatings 2,500 High-End 5,580 1,897
atjob sites
Formulation of TCEP 2,500 High-End 10,900 3,706
containing reactive resin
Laboratorychemicals 2,500 High-End 96 32
SWC = surface water concentration
& Production volume of 2,500 Ib TCERA uses higkend estimates (98 percentilefor all COUs except the laboratory
chemicals COUhatuses the 1st percentile).

2301

2302 Thesecalculated whole fishesults aréwo to threeorders of magnitudkigherthan the reported fish
2303 concentrations iuo et al. (2017hwho reported geometric mean @5.6ng/g lipidin Lake Erie
2304 Guo et al. (2017halsoreported a geometric mean concentration of TCEP in Great Lakes water of
2305 4.64x10 “ pg/L via Venier et al. (2014)while Arukwe et al. (2018lseda water concentration of
2306 7.75<10%pg/L to derive the BCRvithin laboratorycontrolled experiment§he current TCEP surface

2307 water concentrations modeled via VVWREBC areoneto two orders of magnitude greater that values

2308 reportedn Arukwe et al. (201§)however, it is important to consider that netetl concentration are
2309 intended to represent COhhsed source release concentrations.

2310 4.1.2.3 Modeled Concentrations in the Aquatic Environment
2311 E-FAST was used to estimate total TCEP surface water concentration withifi.éotftowing) systems

2312 and representsEP concentration within the water column. The days of exceedance modeled in E
2313 FAST are not necessarily consecutive and could occur throughout a year at different times. Days of

2314 exceedance is calculated as the probability of exceedance multiplied btatheddeled days of
2315 releaseWhile both EFAST and VVWMPSC consider dilution and variability in flow, the VVWM
2316 PSC model can estimate a thwaying surface water concentration, partitioning to suspended and
2317 settled sediment, and degradation within cormpants of the water column. VVWMRSC considers
2318 model inputs of physicandchemical properties of TCERHE., Kow, Koc, water column hatfife,
2319 photolysis haHife, hydrolysis hallife, and benthic halfife), allowing EPA to model predicted pore
2320 waterand sediment concentrations.

2321

2322 TheVVVM-PSC model utilizedelativelylow stream order§.e.,depth of2 m) as a conservative

2323 approach for modeling stream reach. Results within PSC are reported as the maximum concentration

2324 value of thanvestigated chemical over the specified averaging per@éds I-day, 3day, etc.) as well
2325 as atimeseries graph cdurfacewater and benthic pore water concentratighs. EPA, 2019t TCEP
2326 surfacewater concentrations (ppb) were modeled ByAST and VVWMPSC and are presented in
2327 Table4-9for each COU a& production volume of 2,50 per year TCEP porewaterconcentration
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and sediment concentratiorodeled by VVWMPSCare presented withifable4-10andTable4-11,
respectively.

EPA used IIOAC andAERMOD to estimate air deposition from facility releases and calculate a
resulting pond water concentration near a hypothetical facility. Pond egateentrations from air
depositionwereestimated for th€OUs with air releaseflable4-7). AERMOD results indicate air
deposition to water are not drivers of risk and have significantly reduced TCEP concentrations when
compared to TCEP when modeled withine water column, pore water, and sedinmsodeling via E

FAST and VVWMPSC. For examplehé highest estimatedbth percentile pond wateroncentration

from annual depositioffom air to wateracrossall exposure scenaripswas8.1pg/L for the
Commercialuseof paintsandcoatingsscenaricat an annual production volume of 2,3B0This

highest modeled concentrati@1 pg/L) within a pond at D00 m from a point source was
approximatelyl50times lower than thikowest surface water ogentration modeled using VVWIRSC
(1,270pg/L as a maximum-tay average concentration for flaboratory chemicalscenario at an

annual production volume of5001b). Although the IOAC and AERMOD were applied to a generic farm
pond setting to calculate concentrations of TCEP in pond surface water and pond sediment, these models do
not account for media exchange of the chemical of interest as VAR8®! does.

4.1.3 Exposures toTerrestrial Species

4.1.3.1 Measured Concentrations in Terrestrial Species
Two studieqseeFigure4-2) have reported concentrations of TCEP andCEP metabite bis(2-
chloroethyl) phosphat@BCEP) in bird eggqGuo et al., 2018Stubbings et al., 20)8From these two
studies the mean concentration of TCEP in birds by wet weight is 5.3 ng/g wittn @e@€entile value
of 9.7 ng/g BCEP was among the most abundant metabolite8 {60 36 ng/g ww) in bald eagle
(Haliaeetus leucocephalpueggs. These values are results of the Michigan Bald Eagle Biosentinel
Program archivéhatsampled bald eagles in the Great LaRegion from 2000 to 2012.
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@ General Population (Background)
B Remote (Not Near Source)
mmmm Near Facility (Highl posed)
w  Non-Detect
US Wet w7 Lognormal Distribution (CT and 90th percentile)

5166846 - Guo et al,, 2018 - US - Bluod*‘

5166846 - Guo et al., 2018 - US - Egg (whole) YAV
NonUS Wet
2823276 - Huber et al., 2015 - NO - Egg (whole) W
4181327 - Chen et al., 2012 - CA - Egg (whole) W
4931691 - Greaves and Letcher, 2014 - CA - Blood | ]
4931691 - Greaves and Letcher, 2014 - CA - Liver [
4931691 - Greaves and Letcher, 2014 - CA - Other _v

4931691 - Greaves and Letcher, 2014 - CA - Adipose Tissue |
4931691 - Greaves and Letcher, 2014 - CA - Egg (volk) I

4931691 - Greaves and Letcher, 2014 - CA - Muscle/Filet

[ |
NonUS Dry
5017003 - Monclis et al., 2018 - ES - Feathers m
2542346 - Eulaers et al., 2014 - NO - Feathers | ¥
2035128 - Brandsma et al., 2015 - NL - Egg (whole) | ]
1046 1044 0.01 1 100 1044
2353 Concentration (ng/g)

2354 Figure 4-2. Measured Concentrations of TCEP (ng/g) in Terrestrial Specie$ Bird from 2000 to

2355 2016

2356

2357 Aston et al. (1996peportedT CEPIn pine needlesRinus ponderosat six out of ninecollection sitesn

2358 the Sierra Nevada Foothills in the /i@90swith a geometric mean TCEP concentration of 142 ng/g

2359 and arange of 10 ng/g to 1,950 n@ffggure4-3). Although he source of the TCEP is unknowtine

2360 authors suspected that concentrations may have been due to aerial transport and deposition from nearby
2361 point sources such as incinerat@anples reported withidston et al. (1996yvere collected in 1993

2362 and 1994 with concentrations from this study representing a period with significantly higher

2363 concentrations of TCEP production and useséeSectionl.1.1).

W Remote (Not Near Source)
US Wet v Lognormal Distribution (CT and 90th percentile)
5469881 - Aston et al., 1996 - US - Foliage m
0.01 0.1 1 10 100 1000 10%4
2365 Concentration (ng/g)

2366 Figure 4-3. Measured Concentrations of TCEP (ng/g) in the Wet Fraction of Errestrial Speciesi
2367 Plant in Remote (NotNear Source) Locations from 1993 to 1994

2368 4.1.3.2 Modeled Concentration in the Terrestrial Environment

2369 Thecontribution of exposure risk fromhalationrelative to the ingestion exposure roig@ot expected
2370 to drive risk because of dilution associated environmental cond{tibis EPA, 2003gb). In adlition,
2371 TCEP is not persistent in air dueitoshort halflife in the atmospheres(t = 5.8 hourspnd because
2372 particlebound TCEP is primarily removed from the atmosphere by wet or dry depdsiti®onEPA,
2373 20129. Air deposition to sib modeling is describeith Section3.3.3.2 EPA determined the primary
2374 exposure pathway for terrestrial organisms is throughvsodietary uptake via trophic transfés

2375 describd in Section3.3.3.2 IIOAC and subsequently AERMODereused to assess the estimated
2376 release of CEPvia air deposition from specific exposure s&meosto soil. Estimated concentrations of
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TCEPthat could be in soil via air depositianthe communitylevel (1,000m from the sourcgexposure
scenariodiave been calculated and are presentégppendixG.2

4.1.4 Trophic Transfer Exposure
Trophictransfer is the process by which chemical contaminants can be taken up by organisms through
dietary and media exposures and transferred from one trophic level to another. EPA has assessed the
available studies collected in accordance wh#2021Draft Sysematic Review ProtocdU.S. EPA,
202]) relating to the biomonitoring GFCEP.

TCEP is released to the environment by various axegsathwaygseeFigure2-1). The exposure
pathway for terrestrial organigms through sojldeposition of TCEP from air to soil is the primary
exposure pathwayh secondary source of TCEP contamination in soil is from the application of
biosolids. However, the concentration of TCEP in soil from biosolitisarders of magnitude less
than the TEP soil concentration from air depositi(geeSection3.3). Therefore, biosolid application is
not expected tdrive risk within the terrestrial environmefithe exposure pathway for water includes
runoff from soil €.g, after a rain event), deposition from air, and direct releasesviratertreatment
plants.Sediment TCEP concentratiodstermined by VVMWPSC modelingange from 2.6to 108.8
fold greater than stace water concentration across all CQkeSection3.3.2.9. Indicating that
sediment astas a sink for TCERndasource of elevated exposure to TCEP throighdietary
exposure pathway for higher trophic levels in the water colimainfeed on benthic organisnigophic
magnification is not expected in the water columtearestrial environments but may occur where
TCEP concentrations are hifjte., in thebenthiczong (Table2-2).

Representative avian and mammad@ps are chosen to connect the TCEP transport exposure pathway
via terrestrialtrophic transfer from earthwor(kisenia fetidquptake of TCEP from contaminated soil
through invertivore avian (American woodco&cplopax mindy and mammal (shottiiled sirew

[Blarina brevicaudd) species, to the American kestrEb(co sparveriuythat feeds on invertebrates,
avian, and small terrestrial vertebrates.

American woodcocks primarily feed on invertebrates with a preference for earthworms. When
earthworms areot availableother soil invertebrates and a small proportion of vegetation may be
consumed. Depending on the location and season, earthworms may comwise & centof

American woodcock digU.S. EPA, 1993) Short-tailed shrews primarily feed on invertebrates with
earthworms comprising approximately gdrcent(stomach volumefo 42 percent(frequency of
occurrence) of their diet. Americestrels have a varied dietthincludes invertebrates and vertebrates
(mammal, avian, and reptile). The proportion of prey type will vary by habitat and prey avail&hoitity.
trophic transfer analysithe American kestrel diet comprised equal proportions of the three
representativerey speciegi.e., onethird earthwormpnethird American woodcock, ananethird
shorttailed shrew, which approximates the dietary composition of the American kestrel winter diet
reported inMeyer and Balgooyen (1987 he calculations for assessing TCEP exposure from soill
uptake by earthwons and the transfer of TCEP through diet to higher trophic levefgesentedn
Sectiond.3.1.1. Because surface water sources for wildlife water ingestion are typically ephemeral, the
trophic transfer analysis for terrestrial orgarssaasumed TCEP exposwencentration for wildlife

water intake are equal to soil concentrations for each corresponding exposure scenario.

The representativeemtaquatic terrestrial speciesthe Americarmink (Mustela visol, whosediet is

highly variable depending on their habitat. In a riparian hl#itaericanmink derive 740 92 percent

of their diet from aquatic organisms, which includes fish, crustaceans, birds, mammals, and vegetation
(Alexander, 197y Similar to soil concentrations used for terrestrial organismsyigiinestmodeled
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2425 surface wateT CEPconcentrations with productionvolume of 25000 Ib/yeamwas used as a surrogate

2426 for the TCEP concentration found in tAenericanmi nk és di et in the form of
2427 diet of fish.For trophic transfer, fish concentrations showitable4-1 are used in conjunction with

2428 trophic transfer calculations in Sectiér8.1.1

2429
senesvaces o
Figure Legend
------- + Negligible - Partitioning/Transportation
» Low/Slow
D Transformation/Degradation
——— |0 erate
- Wastewater Facility
— High/Fast/Strong
— Very High/Rapid/Strong
2430

2431 Figure 4-4. Trophic Transfer of TCEP in Aquatic and Terrestrial Ecosystems

2432 The diagramdemonstrates uptake from media to biota and trophic transfer through the food web (blue
2433 arrows). The width of the arrows shows relative chemical tranbptwieen biota or media. Within the

2434 aquatic environment, the benthic zone is bounded by dashed black lines from the bottom of the water
2435 column to sediment surface and subsurface layers. The depth that the benthic environment extends into
2436 subsurface sedimers site specific. The conceptual model illustrates BCFs, BS#esT MFs for
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aguatic organisms as shown in Appendif.6 Food intake rates (FHRare shown foterrestrial
vertebrates.

4.1.5 Weight of the Scientific Evidence Conclusions foEnvironmental Exposures

4.1.5.1 Strengths, Limitations, Assumptions and Key Sources of Uncertainty forthe
Environmental Exposure Assessment

Concentrations of CEPin environmentaand bological media are expected to vaRelease from
industrial facilities, indoor sources, and lerange transport may all contribute to concentrations of
TCEP in the environment. Determining the source apportionment of TCEP from each is complex.
Proximity to facilities and other sources is likely to lead to elevated concentrations compared to
locationsthatare more remotéNo manufacturing or processitfigcility locations were identified for
releases to TCEP. The inability to locate releasatdseocaion contributes to a layer of uncertainty
when selecting model input parameters that are typically informed by locatipnr{eteorological data,
land cover parameters fair modeling flow data for water modeling).

Limited monitoring datareavailable for aquatic and terrestrial species in the United Shataddition,
monitoring data collected in previous years when production volume and associated re[€@&6? of

into the environment are expected to have bégimeh than they are currently and expected to be in the
future. When considering older monitoring data and monitoring data from international sources, there
are uncertainties associated with using these data because it is unknown whether those sasplieg sit
representative of current sites within theitdd States Recent and future estimated levelsST&fEPIn

the area may be lower than past levels due to reported reductions in releases over time. The predicted
concentrations may be lower than conceitres that consider more years of releases or releases
associated with higher production volumes.

In modeling environmental concentrationsSIGEP, EPA acknowledges the conservative nature of the
E-FAST model and the additional refinement provided byvif@/M -PSC modelWater dilution
models can be used to determine the concentration of a chemical in the surface water after a source

emits the chemical into a water boBecausée he E FAST model default val
combination of upper perceletand mean exposure parametric values, or all upper percentile parametric
values, the resulting model predictions represe

such as H-AST provides exposure estimates that are derived from a simptebakance approach and

does not account for partitioning between compartments within a surface water body or degradation over
time in different media, parameters which are relevamtaBP. For these reasons, EPA utilized a two

tier approach by complemémg the EFAST modeling with more refined estimates from the PSC model

to describdurtherenvironmental exposures.

When modeling using4EAST, EPA assumed that primary treatment removal at POTWSs occurred with
0 percentremoval efficiency. EPA recognizésat this is a conservative assumption that results in no
removal ofTCEPprior to release to surface wat8ection2.2.1and Appendix.2.5.2discusses the
recalcitrance of TCEP to wastewater treatment systéhis.assumption reflects both the uncertainty of
the type of wastewater treatment that may be in use at a direct diaghfaigjlity and thelf CEP

removal efficiency in that treatment.

EPA used a combination of chemisglecific parameters and generic default parameters when
estimating surface water, sediment, soil, andis$ue concentrations. For estimated soil conaéotrs
from air depositionspecifically, EPA recognizes that different default parameteigafeous &.

particle partitioningmay result in concentrations of a higher magnitude. However, EPA used central
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2484 tendency high production volumend highend central tendency production voluralues to

2485 characterize the variability within and across scenafio®stimate soil concentratioriSPA also used
2486 central tendency and higindmeteorological inputs

2487

2488 Comparison of model outputs with monitored valudsrsfone way tground truththe combination of
2489 model inputs and outputs used. EPA compared monitoring and modeled surface water, sediment, soil,
2490 and fishtissue concentration estimates. Estimates oftfs§ue concentrations are further discussed in
2491 Secton5.1.3.4.2In summary, EPA compared monitored and modeled fish tissue concentrations and
2492 foundmodeled fish concentrations weveo to threeorders of magnituel higher than those reported for
2493 whole fish within published literatur&ection4.1.2.9. The conservative approach falculatedish

2494 tissueconcentrationpresented irbectiond.1.2.2wasutilized for trophic transfer analysis semk

2495 aquatic mammals (Secti@gn3.1.D). In comparison to measured values reported within published

2496 literature, these calculated valugsuld be viewed as organisms with direct proximity to source of
2497 TCEP release as calculated using VVWAEC.

2498

2499 EPAconducted modeling of TCEP concentrations in surface water, pore water, and sediment based on
2500 the assumption that releases entered (6baving) aquatic systems. AlthoudEPA did not consider the
2501 potential impact of persistence and lontgm sinks inake and estuary environmepkscalized

2502 deposition of TCEP within,000m from hypothetical release sites from air to soil, water, and sediment
2503 were modeled for each applicable COU M@AC and AERMOD

2504
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4.2 Environmental Hazards

TCEP i Environmental Hazards (Section 42):
Key Points

EPA evaluated the reasonably available information for environmental hazard endpoints asso
with TCEP exposure. The key points of the environmental hazard assessment are summarize

1 Aquatic speciebazard:

O Aquatic haard data were available for TCEd? three species of fish; however, no
aquatic invertebrate or aquatic plant studies were reasonably available.

O To estimate hazardsortality) from acute exposures, ERApplementethe empirical
data with hazard predions from an EPA predictive tool, Wddased Interspecies
Correlation EstimationThese datavere used with the empirical fish datacteate a
Species Sensitivity Distribution amdlculate a TCEP concentration of concern (COC
for acute exposures of agitaspecies (85,000 ppb@presenting the lower 95th percent
of an HCO5Table4-4).

O EPA also calculated a COC for chronic exposigeswth and development of the
Japanese medakim) aquatic species (55.9 ppb) using empirical fish dedhle4-4).

i Terrestrial specgehazard:

O Terrestrial hazard data for TCEP were available for soil invertebrates, mammals, ar
avian species.

O Based on empirical toxicity data for nematodes and earthsydaha chronic hazard
threshold for terrestrial invertebrate6i$2 mg/kgsoil (Table4-5).

O Empirical toxicity data for mice and rats were useddtimatea chronictoxicity
reference value (TRV) for terrestrial mammalgtéfmg/kgbw/day(Table4-5).

4.2.1 Approach and Methodology
During scoping, EPA reviewed potential environmental hazards associatebGiandidentified 14
sources of environmental hazard dsttawn inFigure2-10 of Final Scope of the Risk Evaluation for
Tris(2-chloroethyl) Phosphatd TCEP) CASRN 1186-8 (U.S. EPA, 2020p

EPA completed the review of environmental hazard data/information sources during risk evaluation
using the d&a quality evaluation metrics and ttiata qualitycriteria described ithe 2021 Draft
Systematic Review Protoc@l.S. EPA, 202). Studies were assigned an overall qualggermination

of high, medium, lowor uninformative

EPA assigned an overall qualigterminatiorof highor mediumto 14 acceptabl@quatictoxicity and

17 acceptable terrestrial toxicity studies. fr@aquaticstudiestwo species had appropriate endpoint
concentrations (L60) for assessing acute hazarflse modeling approaghVeb-based Interspecies
Correlation Estimatiof\Web-ICE) (Version 3.3) can bothpredict toxicity values for environmental
species that are absent frordaasetind can provide a more robulsttaseto estimate toxicity
thresholdsEPA used WehlCE to supplement empirical data for TCEP for aquatic organisms. Details
outlining the method are included Appendix F For terrestrial species, all mammal studies were from
mice and rats used as human health model organisrase Btudies were used to calculatexacity
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referencevalue(TRV) for mammalswhichis expressed as doses in units of mgsgday. Although

the TRV for TCEP is derived from laboratory mice and rat stubdeEsausédody weight is normalized,

the TRV can be used with ecologically relevant wildlife species to evaluate chronic dietary exposure to
TCEP. Representative wildlife speciesatic hazard threshascireevaluated in the trophic transfer
assessments using the TRV.

42,2 Aquatic SpeciesHazard
Toxicity to Aquatic Organisms
EPA assigned an overall qualtigterminatiorof high or mediumto 14 acceptablequatic toxicity
studies These gudies contained relevant aquatic toxicity dataJeganese medak@ryzias latipey
rainbow trout{Oncorhynchus mykissandzebrafish(Danio rerio). EPA identifiedthreeaquatic toxicity
studies, displayed ifable4-2, as the most relevant for quantitative assessni@etremainingl1
studies were represented by results at aosghn or mechanistic levyethich wereconsidered to be
separated from direct population level effects or did not demonstrate effect(s) at the test concentrations
employed within their study concentrations gradiefte Web-ICE application was used to predict
LC50 toxicity values r 18 additional aquatic organism&gfish, 1 amphibian, and aquatic
invertebrate species) from the rainbow trout and zebr@édtour LC50 data(Raimondo and Barron,
2010. The test species &2) and predicted species#r8) toxicity data weresubsequentlysed to
calculate the distribution of species sensitivitytoteTCEP exposure.

Aquatic Vertebrates

Fish: Relevant acutéoxicity studies for fish that included 130 data were assigned an overall quality
determinatiorof high fortwo 96-hour static conditioifAlzualde et al., 2018 ife Sciences Research
Ltd, 19903 fish toxicity studies, which evaluated the median lethal concentratior&)lf@m
exposure to TCEP. The acute-®6ur LC50 values for fish were 249 mg/L for rainbow trqutfe
Sciences Research Ltd, 19%@ad 279 mg/L for zebrafish embryalzualde et al., 2018 The LG50
study for rainbow trout did not meet the assumptions of the Probit test. Therefordjraenon
interpolation was used to appimate the LGO0 value.Thezebrafish embryo study bdzualde et al.
(2018)used a nonlinear regression test (sigmoidaldesponse curve) to calculate thed0aC
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Table 4-2. Aquatic Organisms Environmental Hazard Studies Used for TCEP

Hazard Values Geometric IR
Duration | TestOrganism (Species) Endpoint A Effect (Data Evaluation
(mg/L) Mean® (mg/L) .
Rating)
Aquaticvertebrates
Chronic |Fish:Japanese medaka |14-day NOECLOEC 0.251.25 0.559 Developmental/ (Sun et al., 200§ High)
(Oryzias latipes) Growth
Fish: rainbow trout 96-hour LC50 249 Mortality (Life Sciences Research
(Oncorhynchus mykiss |96-hour NOECLOEC 50/100 70.7 Ltd, 19903 (High)
Acute Fish: zebrafish embryo |96-hour LC50 279 T Mortality (Alzualde et al., 2018
(Danio rerio) 96-hour EC50 118 139.7 Developmentalf (High)
96-hour NOECLOEC 114171 Growth

& Geometric mean of definitive values only.
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The ChV is thegeometric mean of tHewestobserveeeffect concentration OEC) andno-observed
effect concentratioNOEC). The overall qualityleterminatiorfor relevant studies ith ChV values
were high for two 981our studies for rainbow trout and zebraf{gizualde et al., 2014 ife Sciences
Research Ltd, 1990and one 14laystudy for Japanese medgaun et al., 2016 The 96hour
rainbow trout had a ChV of 70.7 mg/L for mortal{tyife Sciences Research Ltd, 1990the 96hour
zebrafish embrybdad aChV of 139.7mg/L for development and growii\lzualde et al., 2003 and the
14-dayJapanese medaka had a Gif\0.559 mg/L for development and growtun etal., 201§.

No chronicexposuraluration data for fish were availablehe Sun et al. (20163tudy encompassed-14
day TCEP exposures acraggoroximatelyd days of embryo development followed dyyproximatelyd
days of larvaldevelopmentThe duration of this experimental exposure covering all of embryogenesis
and 5 days of larval develoentrepresents sensitive lifestages for fish&s a result, thdapanese
medaka 14ay NOEC/LOEC for development and growth was the most sensitive endjithintthe
reasonably available data and will be considered a chronic hazardr@ilulee chronic toxicity
assessment of fish @ssessment factor andamuteto-chronic ratiowill be applied to the chronic

health valueChV) and will be described within Sectidn2.4.1

Amphibians

No amphibian studies wewgvailable to assess potential hazards from TCEP exposure. However,
modeled data from WelCE predicted a bullfrogLithobates catesbeianu86-hourLC50 of 333 mg/L.
Therefore, amphibians are accounted for within the Wb andspeciessensitivity distribution (SSD)
results.

Aquatic Invertebrates

No aquatic invertebratgtudies were available to assess potential hazards from TCEP exposure.
However,modeled data from WelCE predicteddaphnia $imocephalus vetulyd8-hourEC500f 337
mglL.l n addi tEcolagical SEUR#ré Activity Relationships (ECOSARYdel predictec
daphniad8-hourLC50 of 170mg/L and a ChV of 10 mg/L from TCEP exposyteS. EPA, 2022¢

Aquatic Plants

No aquatic plantr algae studies were available to assess potential hazards fromeXpddare.
However, the ECOSARodel predictec green alga86-hourEC500f 210mg/L and a ChV of 72
mg/L (U.S. EPA, 2022¢

4.2.3 Terrestrial SpeciesHazard
EPA assigned an overall qualiigterminatiorof high or medium tol7 acceptableerrestrial toxicity
studies These studies contained relevant terrestrial toxicity fdatavo Norway rat Rattus norvegicys
strains (F334 and Spragawley),two mouse Mus musculusstrairs (CD-1 IGSand B6C3F}, 1
earth worm Eisenia fetidy, and1l nematoderpund wormsCaenortabditis elegans EPA identifieda
total of seventerrestrial toxicity studies, displayedTable4-3, as the most relevant for quantitative
assessment.

Terrestrial Vertebrates

Five relevant chronic toxicity studies for terrestrial vertebrates that inclno@tserveeeffect level
(NOEL) and/orlowestobserveekeffect level LOEL) data were assigned anevall quality
determinatiorof highor mediumwith reproduction, mortalityand/or neurotoxicityd.g, lesions to
hippocampus) endpointsr rodents (n ) and thyroid effects for the single avian toxicity stuOye
study with amedium overall qualitgleterminatiorwas for the reproduction endpoints reported within
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Matthews et al. (1990Mortality endpoints within the same study received an overall quality
determinatiorof high.

Similarities among mammalian studies with ecologically releyagulationlevel effects were
observedOf thethreestudiesthat included mice, two studiessultedn LOEL values Reproductive
effects (NOEL =175mg/kg, LOEL= 700 mg/kg) due to reduced sperm count was showfeithews

et al. (1990)An initial dosegradient for a single dose reproduction study found tealawest test dose
with mortality effects in mice was LOEL £000mg/kg(Hazleton Laboratories, 19%3Additionally,
ataxia and tremors were noted shortly after dosing of the mice, which may bd telaturotoxicity.
Male rats were more sensitive (NOEL = 88 mg/kg, LGEL75 mg/kg) to TCEP exposutigrough the
oral routefor mortality endpointshan females (NOEL = 175 mg/kg, LOEL = 350 mg/Kggatthews et
al., 1990. The 2-year studie$or neurotoxicity(degenerative lesions of cerebrum and brain stem) and
mortality endpointshowed aNOEL of 44 mg/kg and LOEL of 88 mg/kg(NTP, 1991h. A 60-day
SpragueDawley rat studylso resulted in neurotoxicity with lesions in the hippocanfpasqg et al.,
201839. These studies indicate thaurotxicity of the brain may be a mode of action (MOA) for TCEP
exposuresn rodents.

For avian speciesnehigh-quality study was available for the Ameridesstrel(Fernie et al., 2005
Thestudyreportedstatistically significantncreases in the plasma free thyroid hormones
triiodothyronine (T3) and thyroxine (T4) (LOEL = 0.0025 mgikg/day) with no effects on body
weight orfood consumption from 2d@lay TCEP exposure through the diet

Soil Invertebrates

Relevant chronic toxicity studies for soil invertebrates included two studies that were assigned an overall
guality determinatiorof high. The earthworm had a NOEL of 0.1 mgkwgjl and a LOEL of 1.0 mg/kg

soil at 3, 7, and 14 days of exposure to TCEP that showed a significant dose response relationship with
degradation of the digestiweact and exfoliation of the typhlosolg€ang et al., 2018b The nematode

study results show a NOEL of 500 mghgjl and a LOEL of 750 mg/kgoil at 3 days exposure to

TCEP for redued growth and shortened lifespan, and an LC5Q3&11mg/kgsoil at 6 days exposure

to TCEP(Xu et al., 201Y.

Terrestrial Plants
No terregrial plantsstudieswere available to assess potential hazards from TCEP exposure.
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2635 Table 4-3. Terrestrial Organisms Environmental Hazard Studies Used for TCEP

2636

. . . Hazard Values | Geometric Mean® Citation
Duration TestOrganism Endpoint (mg/kg)? (ma/kg) Effect (Data Evaluation Rating)
Mammals
2-yea NOEL/LOEL |44/88 62.2 Neurotoxicity/ (NTP, 1991k (High)
F344/N rats mortality
(Rattus norvegicys 16-week Female:17850 247.5 Mortality (Matthews et al., 1990
Chronic NOEL/LOEL Male: 88175 124.1 (High)
B6C3F1 mice Mus 16-week NOEL/ 175/700 495.0 Reproduction (Matthews et al., 1990
musculuy LOEL (Medium)
SpragueDawley rat 60-day NOEL/LOEL [50/100 70.7 Neurotoxicity (Yang et al., 20184High)
(Rattus norvegicys
Acute CD-1 IGS outbred mice |8-day LOEL 1,000 NA Mortality (Hazleton Laboratories,
(Mus musculus 1983 (High)
Avian
Chronic |American kestrefFalco |14-day LOEL 0.0025 NA Thyroid (Fernie et al., 200)5High)
sparveriu3
Soil invertebrates
Chronic |Earth worm(Eisenia 3, 7, l4day, 0.1/1.0 0.3 Gastrointestinal |(Yang et al., 2018(High)
fetida) NOEC/LOEC
Acute Nematode 3-day NOEC/LOEC |500/750 612.4 Growthimortality |(Xu et al., 201y (High)
(Caenorhabditis elegahs 6-day LC50 1,381 NA

#Hazard values for mammals and avian are in mbikéay.

® Geometric means of definitive values orilg( >48 mg/kg was not used in the calculation)

Pagel09of 572



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469669
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469641
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=790471
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=790471
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5353113
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469239
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5469475

2637
2638
2639
2640
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
2653
2654
2655
2656
2657
2658
2659
2660
2661
2662
2663

2664
2665
2666
2667
2668
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

4.2.4 Environmental Hazard Thresholds
EPA calculates hazard thresholds to identify potential concerns to aquatic and terrestriallsprecies.
aguatic species, the hazard threshold is called a concentration of concern (COC), and for terrestrial
species, the hazard threshold is called a hazdudor toxicity reference value (TRV) hese terms
(COC, TRV, and hazard valuggscribe how thlaazard thresholdsre derived and can encompass
multiple taxa or ecologically relevant groups of taxa as the environmental risk characterization serves
populdions of organisms within a wide diversity of environmeBiseAppendix Ffor more details
about how EPA weighed the scientific evidertdazard thesholds are then used to calcuR@sin the
risk characterization step of the environmental risk evaluation. After weighing the scientific evidence,
EPA selects the appropriate toxicity value from the integrated data to use as a hazard threshald for eac
assessment type.

For aquatic species, EPA estimates hazard by calculating a COCs for a hazard threshold. COCs can be
calculated using a deterministic method by dividing a hazard valae &gsessment factohAF)
according to EPA ethodsU.S. EPA, 2016£2014h 20120.

Equation 4-1
COC=toxicity value + AF

COCs can also be calculated using probabilistic methods. For examBl8Dacan be used to calculate

a hazardous concentration fop&rcentof species (HG5). The H®5 estimates the concentration of
TCEPthat is expected to be protective for@&cenof species. This HT5 can then be used to derive a
COC, and the lower baud of the 95 percemonfidence intervall) of the H®5 can be used to

account for uncertainty instead of dividing by an Aguatic hazard values within Sectidr.2are
presented in mg/L, while the subsequent section will demonstrate the calculation of acute and chronic
COC in pg/L or ppb to conform with conform with modeled and monitored environmental media
concentrations presenting within SectB Environmental Risk Characterization

4.2.4.1 Aquatic SpeciesCOCs Using Empirical and SSD Data
For the acute COC, EPA used thefur LC50 toxicity data from rainbow trout and zebrafish studies
from Table4-2 as surrogate species to predict LC50 toxicity values for 18 additional aquatic organisms
(16 fish,1 amphibian, and aquatic invertebrate species) using the Welb application(Raimondo and
Barron, 201). The test species én2) and predicted species%£r8) toxicity data were then used to
calculate the distribution of species sensitivity to TCEP exposure through the SSD toolbox as shown in
AppendixF.2.1.2(Etterson, 2020 The calculated H@T5was 121.5 mg/L (9percentCl = 85.0to 170.6
mg/L). Thelower 95percentCl of the H®5 was then multiplied by 1,000 to convert mg/L to pug/L (or
ppb)resulting in 85,000 pg/LThe chronic COC was derived fraime ChV of the 14ay LOEC/NOEC
of 0.559 mg/L fordapanesemedakawith the application of an AF of 10. The ChV for Japamasdaka
represents effects afevelopment and growth throughout the embryo and larval period for this species
(Sun et al., 2016

Secondanacute and chroni€OCs werealerived from the previously describ€DCsfor aquatic

organisms within the water column. Acute data from the use ofM¥Eland subsequent SSD includes
empirical data from fishes and modeled data from: fishes, an amphibian, and the freshwater daphnid
(Simocephalus vetulusA secondaryacute COGvascalculatedwvith an addition AF of 10 applied to the
acute COGnd a secondamhronic COC wasalculatedvith an AF of 100 appliegreviously

described fish ChVThis approach considers tata landscape for TCEP environmental hazands
acknowledgeshe increased uncertainty associated with the limited number of hazard studies available
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for aquatic speciethatwill be reflected in the overall confidence derived from hazard thresholds
detailed in Sectiod.2.6.1

The acute COC derived from the B&for TCEP is 85,000ug/L or ppb.

Thesecondaracute COC with the additional AF of 10 = 85.0 migAlF of 10)x 1,000 = 8,500 pg/L or
ppb.

For the chronic COGhe ChV of thel4-day LOEC/NOEC 0f0.559mg/L for Japanesemedakabased
ondevelopment and growth was usé&tierefore, the chronic COCG:559mg/L/(AF of 10) = 00559
mg/L x 1,000 =55.9ug/L or ppb.

The chronic COC for TCEP B5.9ppb.

A secondarghronicCOC with the additional AF of 10 = 0.559 m¢IAF of 1Q [AF of 10) = 0.00559
mg/L x 1,000 = 559 ppb.

4.2.4.2 Aquatic Species COCdJsing ECOSAR Modeled Data
ECOSAR modeling estimated potenfldEPhazard values for green algae aaghniathatare
currently not represented with empirical datae potential extension of information from ECOSAR to
create COCs for aquatic plants and acute and chronic benthic COCs was considered as an alternative
apprach to the previously detailed COCs using a combination of empirical andG#eBSD results.
Specifically, predictions for green algae included &n66rEC50 of 210 mg/L and a ChV of 72 mg/L
(U.S. EPA, 2022x Estimateddaphniahazard values wereported with a&8-hourLC500of 170 mg/L
and ChV of 10 mg/l(U.S. EPA, 2022:

A COC for aquatic plantsas derived wittan AF of 100 to account for uncertainties associated with
ECOSAR to empirical hazard valuescude and chronic COCs are represented using ECOSAR values
from daphnid EC50 and ChV values. An acute COC was denvetdthe ECOSARpredicted daphnid
48-hour LC50 of 170 mg/L with an AF of 50 applied. This AF for the acute COC is represented with the
application of an Afof 5 for acute invertebrate hazard value and an additionalf AB for uncertainties
associated witthe use of an ECOSAR hazard value for a water column invertebrate. A chronic COC
from ECOSAR modeled data utilized the daphnid ChV of 10 mg/L with an AF of 100 applied. As a
result, the chronic COC is represented with the application of an AF (10) émiclmvertebrate hazard

and an additional AF (10) for uncertainties associated with the use of an ECOSAR hazard value for a
water column.

ThealgaeCOC derived fromranECOSAR 96hr LC50 for TCEP with an additional AF of 100 = 210
mg/L/(AF of 100)x 1,000 =2,100 pg/L or ppb

The acute COderived from an ECOSAR dapid 48-hr LC50 for TCEP with an additional AF &0 =
170mg/L/(AF of 50) x 1,000 =3,40 ug/L or ppb.

ThechronicCOCderived froman ECOSARdaphnidChV for TCEP with an additional AF df00= 10
mg/L/(AF of 100) x 1,000 =100 ug/L or ppb.

4.2.4.3 Terrestrial Species Hazard Values
For terrestrial species, EPA estimates habgrdsing a hazard value for soil invertebrates, a
deterministic approaciior calculating a TRV for mammal§he TRV is expressed as doses in units of
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mg/kg-bw/day. Although the TRV for TCEP is derived from laboratory mice and rat studies, body
weight is normalized, therefore the TRV can be used withogally relevant wildlife species to

evaluate chronic dietary exposure to TCEP. Representative wildlife species chronic hazard threshold
will be evaluated in the trophic transfer assessments using theTke\ollowing criteria were used to
select the da to calculate the TRV with NOEL and/or LOEL détaS. EPA, 2007r For more details

see Apendk F.2.2

Step 1: At least three results and two spested for reproduction, growth, or mortality general
end points.

1 The minimumdatasetequired to derive either a mammalian or avian TRV consists of three
results (NOEL or LOEL values) for reproduction, growth, or mortality for at least two
mammalian or aan species. If these minimum results are not available, then a TRV is not
derived.

Step 2: Are there three or more NOELSs in reproduction or growth effect groups?

1 Calculation of a geometric mean requires at least three NOEL results from either the
reprodudion or growth effect groups.

1 Because there was a single reproduction effect result and no growth effect results, then
proceed tdstep 3.

Step 3: If there is at least one NOEL result for the reproduction or growth effect.groups

1 Then the TRV is equal to ¢Howest reportedo-observeeadverseeffect level NOAEL) for
any effect group (reproduction, growth, or mortality), except in cases where, the NOEL is
higher than the lowest bounded LOEL.

1 Thenthe TRV is equab the highesboundedNOEL below thdowestbounded OEL.

For TCEP, the NOEL for reproduction is 381@/kgbw/day, and the lowest mortality LOEL is 88
mg/kg-bw/day with a NOEL of 44 mg/keow/day.

Toxicity Reference Value (TRV) for Terrestrial Toxicity
The chronic TRV for mammals is 4dg/kg-bw/day.

For soil invertebrate€PA estimates hazard by calculatthg ChVfor a hazard threshold@he ChV is

the geometric mean of the NOEC and LOEC values. Although the most sensitive adverse outcome from
TCEP expsure is for earthworm gastrointestinal damage, the ecologically relevant effects for soil
invertebrates are for reproduction, population, and growth. The nematode NOEC (506 o4

LOEC (750 mg/kgsoil) for reduced growth and shortened lifespawsed to calculate the ChV.

The ChV for soil invertebrates is 612.4 mgAg!.

4.2.5 Summary of Environmental Hazard Assessment
For acute aquatic exposures to TCEP, thé@& LC50 toxicity valuesare249.0and279.1mg/L for
rainbow trout anaebrafish respectivelyfrom two high-quality studiegAlzualde et al., 2014 ife
Sciences Research Ltd, 199@or chronic aquatic exposures, a CG8\0.559mg/L from theJapanese
medakal4-hour NOEC/LOEC fordevelopment and growisun et al., 2016 No studieswere available
for aquatic plantsHowever, the ECOSAR0delestimateda green alga@6-hour EC50 of 210mg/L
and a ChV of 72 mg/U.S. EPA, 2022 Although ro amphibian or aggatic invertebratstudieswere
available to assess potential hazards from TCEP exposure, modeled data fro@BE/petvideda
bullfrog LC50 of 333 mg/L andadaphnd LC50 of 337 mg/L.In addition, thee COSARmModel
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2775 estimatecadaphnd 48-hourLC50 of 170mg/L and ChV of 10 mg/lfrom TCEP exposurgJ.S. EPA,
2776  20229.

2777

2778 EPAutilizes COCs derivetfom aquatic species with empirical and SSD dattdressingincertainties
2779 using additional assessment factors as describ®ddtion4.2.4.1 EPA also considered ECOSAR

2780 predictions.The acute COC is represented by an SSD with-V@&brepresenting fish, an amphibian,
2781 andadapmid speciesThe representation of an SSD and deriaedte COGvaschosen over the

2782 potential extrapolation of a single existidgphnidECOSAR value. Similarlythe chronic COC derived
2783 from a highquality study on embryo/larval development in medaka serves as a sensitive endpoint as
2784 compared to the alternative application of an AF of 100 with sogbdnidChV from ECOSAR.

2785

2786 EPA calculated COCs for aquatbocgansmsinhabiting the water columnvhich are summarized in

2787 Table4-4. These COCs will be utilized to determine risk to aquatic organisms from modeled an
2788 published concentrations of TCEP in surface water, benthic pore water, and seiPdeaalculated
2789 an acute COC from the HXG of 85,000 ppb for aquatic organisraada secondary acute COC &600
2790 ppbbased on theC50 toxicity values fron? test species antb additioral fish, 1 amphibian, and

2791 aquatic invertebrate species using WEE (Raimondo and Barron, 20).0rhe test species én2) and
2792 derived species (n 18) toxicity data were then used to calculate the distidin of species sensitivity to
2793 TCEP exposure through the SSD toollfaxterson, 202)) The calculated HG5was 121,50Qug/L. The
2794 acute COC = lower 95 percent CI of the 88 85,000ug/L ppb, and 8,500 ppb secondary acute COC
2795 with the additional AF of 10. For the chron€OC,the ChV of the 14lay LOEC/NOEC of 0.559 mg/L
2796 for Japanesenedakabased on development and growtias usedvith the application of an AF of 10,
2797 resulting in55.9 ppb EPA also calculatedsecondaryehronicCOCfrom the chronic COC with an

2798 additional AF of 10, resulting in 5.59 ppb.

2799

2800 For chronic terrestrial mammalian exposures to TCEP, the Néxtl/or LOEL toxicity data ranged
2801 from a rat NOEL of 50 mg/képw/day to a mouse LOEIlof 1,000mg/kg-bw/day for reprodution,

2802 mortality, and/or neurotoxicity endpoints, and weassigned an overall qualitieterminatiorof high for
2803 all five studieswith the exception of one mediuaverall quality determinatiofor a reproduction

2804 erdpoint(Yang et al., 2018dVatthews et al., 199NTP, 1991hMatthews et al., 199Mazleton

2805 Laboratories, 1983 EPA calculated chronic toxicity to mammals from TCEP exposure using a TRV.
2806 The TRVis equalto the highest NOAEL below the lowdSDAEL for mortality. The chronic TRV for
2807 mammals is 44 mg/kbw/day (Table4-5). The TRV is themused as the chronic hazard threshold for
2808 representative species during the trophic transfer assessments.

2809

2810 For soil invertebrate exposure to TCEBOEC of 500 mg/kgoil and a LOEC of 750 mg/kspil at

2811 threedays exposure to TCENas expressefbr reducedgrowth and shortened lifespahnematodes

2812 TheChV is 612 mg/kgsoil for growth and reduced lifespdru et al., 201y (Table4-5).

2813

2814 Hazard threshold values for earthwaramd American kestre(Table4-4) are repesented by toxicity
2815 endpointsincluding degradation of the digestive track in earthworms and increases in plasma thyroid
2816 hormones in kestrels. Although the most sensitive adverse outcome within soil invertebrates from TCEP
2817 exposure is for earthworm, theadogically relevant effects for soil invertebrates are for reduced growth
2818 and shortened lifespan with a ChV of 612 mggkd, from which aa RQvalue can be calculated.

2819 Similarly, while the hazard value for the American kestrel within this analysises! loaselevated

2820 plasma free thyroid concentrations ata¥s, the study did not detect any effects on free thyroid

2821 concentrations, kestrel growthe(, body weight), nor food consumption at the conclusion of thea31
2822 dietary exposure study with TCEPernie et al., 200)5Becausehe apical assessment endpoint of
2823 growth was not affected is difficult to assess the ecological relevancy of the change
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2824 Table 4-4. Environmental Hazard Thresholds for Aquatic Environmental Toxicity

Environmental Aquatic Toxicity AEPENE VRIS |- ASSEEsiEl Aol
(ug/L) Factor (AF) (ug/L)
Acute aquatic exposure: 85,000 N/A? 85,000
Lower 95% CI of HCO5 from SSD
Chronic aquatic exposurbased orish ChV 559 10 55.9
Secondary euteaquaticexposurebased on 85,000 10 8,500
Lower 95% CI of HCO5 from SSD
Secondary lsronicaquaticexposurebased orfish ChV 559 100 5.59
& Used lower 95% CI of the HCO5 to account for uncertainties rather than an AF
2825
2826 Table 4-5. Environmental Hazard Thresholds for Terrestrial Environmental Toxicity
Environmental Terrestrial Toxicity Hazard Value or TRV
Mammal 44 mg/kgbw/day
American Kestre(Falco sparverius 0.0025mgkg-bw/day
NematoddCaenorhabditis elegahs 612 mg/kgsoil
Earthworm(Eisenia fetida 0.3mg/kgsoail
2827 4.2.6 Weight of the Scientific Evidence Conclusions foEnvironmental Hazards

2828 EPA uses several considerations when weighing and weighting the scientific evidence to determine
2829 confidence in the environmental hazard data. These considerations imdwglelity of the database,
2830 consistency, strength and precision, biological gradient/dose response, and reaaioeendix

2831 F.2.3.) and are consistemtith the 2021 Draft Systematic Review Protoc).S. EPA, 202). Table4-6
2832 summarizes how these considerations were determined for each environmental hazard threshold.
2833 Overall, EPA considers the evidence for chcamammaliarhazard threshold®bust, the evidence for
2834 aguaticvertebrate and invertebraded terrestrial invertebratésizard thresholdsioderate, and the

2835 evidence for chronic avidmazard thresholdslight. Hazarcconfidence in COCs faecondanacuteand
2836 chronic assessments with additional assessment faptoranked as slight. A more detailed explanation
2837 of the weight othescientific evidence, uncertainties, and overall confidéaeelsis presented in

2838 AppendixF.2.3.1

2839 4.2.6.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertaigtfor the

2840 Environmental Hazard Assessment

2841 Quality of the Database; and Strength (Effebtagnitudg and Precision

2842  All the studies usetb calculateCOCs (aquatic fish), TRVs (terrestrial mammals), and hazard thresholds
2843 (terrestrial invertebrates) receivadigh overall quality determinatiofrtom the systematic review data
2844 quality evaluationEffect sizewas not reported for mammal studiB$fect size was reported for aquatic
2845 fish and nematode studies using LC50s.

2846

2847 Model approaches such as WEE have more uncertainty than empirical data and are not substitutes
2848 for empirical data when deternming the hazard or rislEor aquaticorganismsthree fish species were
2849 represented in the empiricddta from systematic reviewand two of these species had data appropriate
2850 for the SSD modeEPA was able to supplement tti@tasefor aquatic organisms for TCEP with

2851 predictions from WelCE, which included predictions fd6 fish species, 1 amphibian species, And
2852 invertebrate specie¥heuse oftwo species availablkes inputdor the WebICE applicationreduces the
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2853 confidence in the WelCE and subsequent SSD outgdbawever,the use of the probabilistic approach
2854  within thisrisk evaluatiorincreases confidence compared to a deterministic appusaat) the two

2855 studies on fishes withcutehazard study endpoint3he useof the lower 95ercentCl instead of a

2856 fixed AF of 5 also increases confidencetas a more datariven way of accounting for uncertainty.

2857

2858 A l4-day study with a ChV as an endpoint of growth and development was useduiate the chronic
2859 COC. The 14day exposure was conducted throughout both sensitive embryo and larval developmental
2860 periodswithin the Japanese meddish (Sun et al., 2016 The study duration, developmental periods
2861 of TCEP exposure, and application of an AF 10 increase confidence that the chronic COC was not
2862 underestimatedlhere were no reasonably available empirical toxicity datdade for benthic

2863 organisms. Using the acute and chronic COCs creates an additional uncertainty associated with

2864 extrapolating water column organism sensitivity from TCEP exposure. With the addition of an AF of 10
2865 for secondary chroni€OC calculations, adidence decreased that toxicityaquaticorganisms was

2866 represented by empirical data.

2867

2868 For terrestrial mammal species, no wildlife studies were availabte systematic review; however,

2869 four high-quality level studies with two speciemice and ratgepresenteavere used from human

2870 health animal model studie&. TRV derived from the mammal studies was used to calculate the hazard
2871 threshold in mg/kebw.

2872

2873 For avian species, a singhégh-quality level study was available for the Americkestrel. The @an

2874 studydetected transient differencestinyroid hormone leveWwith noappareneffects on body weight or
2875 food consumptionAlthough the testlid not detect any effects on apical assessment endpbints o

2876 regulatory interesti.e., impaired growth, survivabr reproduction) and thecological relevary of

2877 change in thyroid hormone level is uncertdire study is still useful for the trophic transfer assessment.
2878 For example, if the results of the tropliansfer show that exposure from TCEP is lower {han is

2879 protective forthe hazard threshold for effemt thyroid hormong, thren a qualitative assertion can be

2880 made that the exposure levaism TCEP do not indicate risk.

2881

2882 For soil invertebrateswo high-quality level soil invertebrate studies were available. The earthworm
2883 study did not have an ecologically relevant endpoint effect, although the earthworm is still useful for
2884 assessing trophic transfer hazaodsh because of its direct ingestionsail and because the earthworm
2885 is expected to be part of tdest of other trophic levelsshorttailed shrew, woodcock, and American

2886 kestrel).

2887

2888 ConsistencyFor aquatic fish speciethe behavior effect diypoactivity under darkhasestimulation

2889 and development/growth effects was similar in Japanese medaka and zebrafish. Activity under light and
2890 dark phases, as well as development/growth effeetise not tested with rainbow trout. Mortality effects
2891 for NOEC/LOEC and LC50s were similer zebrafish and rainbow troukhe mortality endpoint was

2892 not reported in the Japanesedakastudy.However, there is still some uncertainty associated with the
2893 small number of studies fn3) to assess consistency in outcomes.

2894

2895 For terrestrial mammalpecies, human health animal model studies (rats) are in agreement with respect
2896 to neurotoxicity effectsesultingfrom lesions to the brain. Confidence is robust on the MOA for rats on
2897 exposure to TCEP via diet due to neurotoxic effects with lesiong tor#iin. Threestudies included

2898 mice howeveronly a single studyesulted ina LOEL for mortality. The maximum dose in all the

2899 studies that included both rats and mice were all below the single study for mice where the lowest test
2900 concentration resulted ithe LOEL.

2901
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2902 The single aviarearthworm, and nematode studies were insufficient to characterize consistency in their
2903 respective outcomes.

2904

2905 Biological Gradient/DoseResponse

2906 A dose response was reported for all studies usezhfoulatinghazard threshdsas well aghe

2907 earthworm study used in trophic transfer. Howeliecauséhe American kestrel studynly hadone

2908 dose concentratigmo doseresponse was reported.

2909

2910 Biological RelevanceBehavior and developmental/growth effesisre in agreement betwebath

2911 species tested, zebrafish and Japanese médlakelde et al., 201;85un et al., 2016 Mortality effects

2912 were also in agreement between species tested (zebralishimmow trout)All rat studies across

2913 multiple strains exhibited brain lesions from TCEP expothatwas associated with the mortality

2914 endpoint Data were insufficient to observe correspondence of adverse outcomes across species within
2915 taxa group formvian of terrestrial invertebrates.

2916

2917 PhysicalChemical Relevanc&mpirical data were on the effects of the chemical of interest, which

2918 increases confidence. TCEP was identified, including source, for all organisms. Purity was either not
2919 reported or not aiytically verified for rainbow troutearthworm, one of the mouse/rat studies

2920 (Matthews et al., 1990and the American kestrel stu@fyernie et al., 2005

2921

2922 EnvironmentaRelevanceAdditional uncertainty is associated wittboratoryto field variation in

2923 exposures to TCEP are likely to have some effect on hazard threstanls$,gavage vs. natural forage

2924 diet for mammalgrats and miceand invertebrate substrgiee., nematodes maintained on nematode

2925 growth medium and earth woson artificial soi). Test conditions for fish species correspond well with
2926 natural environmental conditionBhe creation of secondary acute and chronic COCs considered the
2927 data landscape for TCERowever, these COCs have decreased environmental redewden

2928 compared to empirical and probabilistic methods employed when deriving acute and chronic COCs. The
2929 application of addition AFs for these secondary COCs decreases confidence in relevance of these values
2930 and potentially overestimates hazard.

2931
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2932 Table 4-6. TCEP Evidence Table Summarizinghe Overall Confidence Derivedfrom Hazard Thresholds

. Quiality of the . Strength and Biological Gradient/ Hazard
Types of Evidence Consistency - Relevancé )
Database Precision DoseResponse Confidence
Aquatic
Acuteaguaticassessment ++ ++ ++ +++ +++ Moderate
Chronicaquaticassessment ++ ++ ++ +++ +++ Moderate
Secondary acute aquatic + ++ ++ +++ + Slight
assessmertir AF)
Secondary leronicaquatic + ++ ++ +++ + Slight
assessmer(tt AF)
Terrestrial
Chronicavian assessment + + + + ++ Slight
Chronicmammalianassessmer ++ +++ +++ +++ +++ Robust
Terrestrial invertebrates ++ + ++ ++ +++ Moderate
2 Relevance includes biological, physical/chemical, and environmental relevance
+++ Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The sgigbttirfighe scientific evidence
outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effectzandlestimate.
++ Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supptfitngygtence weighed against
uncertainties is reasonably adequate to characterize hazard estimates.
+ Slight confidence is assigned when tirgight of the scientific evidenggay not be adequate to characterize the scenario, and when the assess
making the best scientific assessment possible in the absence of complete information. There are additional uncenmaayties¢tido be considere

2933
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4.3 Environmental Risk Characterization

TCEP i Environmental Risk Characterization (Section 43):
Key Points

EPA evaluated the reasonably available information to support environmental risk characteri:
The key points of the environmental risk characterization are summarized below:

1 Foraquatic specieshronic RQsare above 1 and have corresponding days of exceedancq
greater than 14 days within the sediment compartment (sediment and benthic pore waite
of 20COUs {Table4-20). Because of TCEPOGs affinity
the aquatic compartment, there could be a lasting effect on benthic biota and potential
communitylevel impacts from chronic TCEP exposue®A has moderatconfidence in the
RQ inputs for the acute and chronic aquatic assessment.

1 Foraquatic species, the laboratory chemicals COU resulted in a chronic RQ greater tha
with over 14 days of exceedance within surface wdaiable4-20).

1 Monitoring data show RQsom TCEP surface water concentrati@amsl sedimenwithin the
WQP database or published literaturere below ITable4-12). However, dferences in
magnitude between modeled and measured concentrations may be due to measured
concentrations not being geographically or temporally closeléases of CEPfrom a
facility.

1 For terrestrial species, EPA did not identify Rfpsater than or equal fio

o RQsfor soil invertebrates or terrestrial mammals wess tharl using either modeled
soil concentrations or concentrations taken from the very limited nmmgtdata set
available (from an urban area of Germariglfle4-21). EPA has moderate confidence
in the RQ inputs for the terrestrial invertebrate assessment.

o RQs wee below Ifor all representativepecies and corresponding trophic level using
TCEP soil concentratiorfsom available published literaturBQs were below 1 for
semtaquatic terrestrial receptors via trophic transfer from fishusnaythe highest
modekd TCEP surface water concentrati¢hable4-21). EPA has moderate confideng
in the RQ inputs for the screening level trophic transfer assessment.

EPA consideredate, exposure, and environmental hazard to characterize the environmental risk of
TCEP For environmental receptors, ERAtimated(1) risksto aquatic species via water and sediment,
and(2) to terrestrial species via exposure to bgikir depositionand through dietia trophic transfer

Risk estimatedo aquatiedependent terrestrial species included exposures to TT@&Ryhwater and

diet. As described itsection2.2.2 TCEP i s described as a fdubiquit
commonly found in various environmental compartments sushrésce water, soil, sediment, and

bi ota. TCEPO6s physical and chemical proeperties
environment is water and soil, depending on the media of releggseg2-1; AppendixE.2.1.93. TCEP

has the potential to undergo lergnge transport in air and watg&TRP) thatcould be significantly
underestimated when using its physical and chemical properties in QSAR nfdeélse nt i mes TCE
behavior in the environmedbes not align with its physical and chemical properfi€&EP can be

transported to sediment from overlying surface water by advection and dispersion of dissolved TCEP
and by deposition of suspended solids containing TEBRever, TCEP may partition beteen surface

water and sedimente varying degreelBecause oits wide range of.og Koc values(2.08to 3.46)

(Zhang et al., 202MWang et al., 2018&hang et al., 2018ICristale et al., 20)3andhigh water
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solubility (7,820 mg/LYU.S. EPA, 2015pEC, 2009 ECB, 2009, which could contribute to its
mobility in the environmentor exampleTCEP in the soil was seen to be vertically transported to
deeper soil horizons, causing TCEP concentraiiothe surface soil to be lowérle et al., 2017
Bacaloni et al., 2008TCEP does not undergo hydrolysisder environmentally relevant conditicarsd
is consideregersistent in waterAppendixE.2.3.), sedimentAppendixE.2.3.3, and soillAppendix
E.2.4.).

Direct exposure of TCEP to terrestrial receptors via air was not assgssedatively because dietary

exposure was determined to be the driver of exposure to wil@lhiecontributiorof exposure risk from
inhalation relative to the ingestion exposure route is not expected to drive risk because of dilution
associated environmental conditiqisS. EPA, 2003zb). The gaseous phase of TCEP is expected to

have a short halife in the atmospheres(t = 5.8 hours) with a high &, suggesting this compound
would adsorb to organic carbon present in airborne par{iclesme et al., 202Qi et al., 2019Wang et
al., 2017hU.S. EPA, 2012)] The resulting partickeound TCEP would be expected to be removed

from the atmospherthroughwet a dry depositionAnnual air deposition to water and soil was modeled

using AERMODfor applicable COUsTable4-7), and these modeled values are included as
components within the current environmental risk characterization

EPA quantitatively assess@@EP concentratianin surface water, pore water, sediment, andsoil
aguatic and terrestrial receptaia modeled concentrations (EFAST, VVWREC, AERMOD)

representing COWased releases of TCERS reported in SectioB.3.2.5 EPA estimated surface water

concentrationfrom COU based releases of TCRRI reported from 1,271 ppb (og/L) to 11,066 ppb

with a production volume of 2,500 Ib/year. Considered to tménar component, annual air deposition

of TCEPto water was modeled using AERMOD indicating deposition to a largicrélatively static)
system at 1,000 m from the source at 8.1, pgbich wasapproximatelyl50times less than the lowest
surface wateconcentration modeled using the model, VVWAEC.Mean ¢ SEM) TCEPsurface
water concentrations in ambient waterre0.33 + 0.02ppbandrangel from 0.01ppbto 7.66 ppbfor
466detected values in the WQP (30 2022). TCEP water concentrations in published literatuene
reported in SectioB.3.2and represent ambient TCEBncentrationérom surface wates and are not
associated with direct environmental releases of TGEXimumTCEPconcentrationn surface
waters were collected near urban environments recorde8&it, 0.785, and 0.8pbduring lowflow
conditions in the Los Angeles, San Gabriel] &anta Clara Riveiin California, respectively(Maruya
et al., 2016Sengupta et al., 2014

As reported in Sectio®.3.2.9 modeled benthic pore water TCEP concentrations rangedlf38mo

873 ppbfor theprodudion volume 0f2,500 Ib/year, respectively. Modeled sediment concentrations
ranged fronB93 ppb (or pg/kg) to 5,040ppbfor theproduction volume o2,500Ib/year.Air deposition
to sedimentas reported in Sectidh3.2.1Q indicated the highest annual deposition,800m was 125
ppb, which isalmost7 times lower than the lowest sediment TCEP value modeled with VVYSE@
(Incorporation into paints and coatinigsolvent borne at 898pb) andabout40 times lower than the

highest PSC value for laboratory chemical®49 pph). As reported in Sectio.3.3.2 calculated TCEP

soil concentrations resulting from modeled air depostti@d0m from the sourcevith a production
volume of 2,500 Ib/yearanged from1.49x10 © to 0.0039 mg/kgand1.92x10 © to 0.0055 mg/kg for
central tendency and higindmeteorologyconditions.

Section4.2 detailsavailable environmental hazard datadindicates that TCEP presents hazard to
aguatic and terrestrial organisms. For acute expsstlifeEP isahazard to aquatic animals at 85,000
ppb based on the lower 9fercentCl of the HO5r esul t i ng from an -€BD
(Raimondo and Barron, 20jland SSD toolbox applicatiorfgtterson, 202)) For chronic gposures,
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TCEP is a hazard to aquatic organisms with a Ch85& ppbfor fish. For terrestrialexposures, TCEP

is a hazard to mammals at 44 mglkg/day and a hazard to soil invertebrates with a ChV of 612 mg/kg.
In addition, TCEP presesd sub-organ levehazard values for birds dbses 00.0025 mg/kgbw/day

and for soil invertebrates at 0.3 mgkgl and will serve to supplement terrestrial receptorsavia
conservative approach &stimaterisk from trophic transfer.

EPA assigned aoverall qualitydeterminatiorof high or mediumto 14 acceptablequatic toxicity

studies and 17 acceptable terrestrial toxicity stu@ssRisk Evaluation for Tris(Zhloroethyl)

Phosphaté Systematic Review Supplemental File: Data Quality Evaluation of Environmental Hazard
StudieqU.S. EPA, 2023)). TheRisk Evaluation for Tris(Zhloroethyl)Phosphatéd Systematic Review
Supplemental File: Data Quality Evaluation of Environmentat&td StudiegU.S. EPA, 2023)

presents details of the data evaluations for each study, including evaluations of each metric and overall
study quality levelAs detailed in SectioA.2.6 EPA/OPPT considers the evidence for terrestrial

chronic mammalian robust, the evidence for aquatic hazard thresholds and terrestrial invertebrates
moderate, and the evidence for terresttiabnic avian slight.

4.3.1 Risk Characterization Approach

EPA characterized the environmental riskk @fEPusing RQgU.S. EPA, 1998pBarnthouse et al.,
1982, which aredefined as

Equation 4-2
RQ = Environmental Exposure Concentratiory Hazard Threshold

Environmentalexposureconcentrations for each compartmerd. (surface watemore watersediment,
andsoil) were based on measui@eé., monitored data and/or reasonably available literatme)or
modeled(i.e., E-FAST, VVMW -PSC AERMOD) concentrations of CEPfrom Section3.3

Concentrations of CEPin the EnvironmentEPA calculates hazard thresholds to idgraptential

concerns to aquatic and terrestrial species. These terms describe how the values are derived and can
encompass multiple taxa or ecologically relevant groups of taxa as the environmental risk
characterization serves populations of organisnisinvd wide diversity of environmentsor hazard
thresholds, EPA used the COGsculatedor aquatic organisms, and the hazard values or TRVs
calculated for terrestrial organisras detailed within Sectioh2

RQs equal to 1 indicate that environmental exposures are the same as the hazard threshold. If the RQ is
above 1, the exposure is greater tharnteard thresholdf the RQ is below 1, the exposure is ldssn

the hazard threshold. R@srived from modeled dafar TCEPare shown irnrable4-9, Table4-10, and
Table4-11for aquatic organism&ndTable4-15 for terrestrial organism$:or aquatic specieacute

risk is indicatedvhenthe RQ is greatethanor equal ¢ 1 for acute exposuresr chronic risk is

indicated witha RQgreater than or equal fowith days of exceedance at or ab@¥elays for chronic
exposuresThe chronic COC was derived from addy exposure, therefore, the days of exceedance to
demonstrate risk reflects the expasperiod for that hazard valuSecondarfCOCswererepreseread

from the acute COC and chronic COC with the application of an addig@sessment facwofTable
4-4);however, conf i denc e.0oRomnterrestri@ specie®Dv@lses are calculatedl i g ht
from the hazard value for soil invertebrafeematodepnd TRV for mammalas detailed in Section

4.2.4 and risk is indicated when the Rf@ater than or equal fio

EPA usednodeled ¢.g9.,E-FAST, VVWM/PSC AERMOD) and measure@(g.,monitoring

information from peereviewed literature arelevantdatabase) datato characterizenvironmental
concentratios for TCEP ando calculate the RQrable4-7 represents the COWsith relevant
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environmenral releases represented in the current risk characterization on aquatic and terrestrial
receptorsExposure datareespecially helpful to characterize exposures from facilities and/or COUSs. In
the absence of facilitgpecific releases for TCEP, estimatetbases were generatied a generic

facility for eachCOU with production volume scenarios set at 2,5§JQear(Table4-7). Exposure data

and corresponding RQ values produced with a production volume of 25,000 Ib/year are presented within
Appendix G Surface water monitoring data on TCEP from available databases such as the WQP and
published literature were used as additional approaches to characterize risk to aquatic réheptors.
purpose of using monitored data and mli#®d literaturewhen availablewas to determine if

concentrations in the ambient environment exceeded the identified hazard benchmarks foardjuatic
terrestrialreceptors while also providing support for or concurrence with modeled concentrations.

As described irbection3.3.3.2 IIOAC andsubsequenthtAERMOD wereused toaassess the estimated
release off CEPvia air deposition from specific exposure scenatoosoil (Table4-7). Estimated
concentrations of CEPthat could be in soil via air depositiahthe communitylevel (1,000m from the
sourcé exposurescenariodrave been calculated

Table 4-7. Risk Characterization to Corresponding Aquatic and Terrestrial ReceptorsAssessed
for the Following COUs

RQ Values RQ Values
COU (Life cycle stage/Category/ Occupational Calculated for | Calculated for
Sub-category) Exposure Scenario Aquatic Terrestrial
Receptorg Receptorg
Manufacture/ Importimport Repackaging Yes Yes
Processing/ Incorporated inflermulation, Incorporation into
mixture, or reaction produdPaint and coating |paints and coatings Yes Yes
manufacturing 1-part coatings
Processing/ Incorporated into formulation, Incorporation into
mixture, or reaction produdPaint and coating |paints and coatings v
. ; es Yes
manufacturing 2-part reactive
coatings
Processing/ Incorporated into formulation, Formulation of TCEP
mixture, or reaction produdPolymers used in |into 2-part reactive Yes Yes
aerospace equipment and products resns
Processing/ Incorporated into artichkerospace |Processing into-part d
) . . N/A Yes
equipment and products resin article

Processing/ RecycliidgRecycling

Recycling ewaste

EPA did not have sufficient data t
estimate these releaSes

Distribution in CommerdeDistribution in
commerce

Distribution in
commerce

Distribution activities €.g.,loading)
considered throughout life cycle,
rather than using a single
distribution scenario

Industrial use/ Other us&erospace equipment
and prodots

Installing article
(containing 2part
resin) for aerospace
applications
(electronic potting)

Releases expected to be negligtb

Commercial use/ Other Uskerospace equipmel
and products

Installing article
(containing 2part
resin) foraerospace
applications

Releases expected to be negligtb
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RQ Values RQ Values
COU (Life cycle stage/Category/ Occupational Calculated for | Calculated for
Sub-category) Exposure Scenario Aquatic Terrestrial
Receptorg Receptorg
Commercial use/ Paints and coatihigaints and |Use in paints and
. . . ; Yes Yes
coatings coatings at job sites
Commercial use/ Laboratory chemidals Lab chemicali use of Yes Yes
Laboratory chemicals laboratory chemicals

Commercial use/ Furnishing, cleaning, treatme
care productgFabric and textile products

End of service life disposal
(Releases and exposures not
guantified)’

Commercial use/ Furnishing, cleaning, treatme
careproduct$ Foam seating and bedding produ

End of service life disposal
(Releases and exposures not
guantified)’

Commercial use/ construction, paint, electrical,
and metal product8uilding/construction
materialsi insulation

End of service lifalisposal
(Releases and exposures not
guantified)’

Commercial use/ Construction, paint, electrical
and metal product8uilding/construction
materialsi wood and engineered wood prodLict
wood resin composites

End of service life disposal
(Releases anelxposures not
guantifiedy

Consumer use/Paints and coatir@aints and
coatings

No quantified environmental
releases from consumer uses

Consumer use/Furnishing, cleaning, treatment
care productsFabric and textile products

No quantifiedenvironmental
releases from consumer uses

Consumer use/ Furnishing, cleaning, treatmen
care productsd=oam seating and bedding produ

No quantified environmental
releases from consumer uses

Consumer usdZonstruction, paint, electrical, ar
metal poducts Building/construction materials
insulation

No quantified environmental
releases from consumer uses

Consumer usdZonstruction, paint, electrical, ar
metal productsBuilding/construction materials
wood and engineered wood produictsood resin
composites

No quantified environmental
releases from consumer uses

Disposal/ DisposaDisposal

Waste disposal (Landfill or
Incineration, covered in each

COU/OES as opposed to a separ

COUY

literature

trophic transfer, and published literature
¢ Section3.2 provides dails on these OES

a8 RQ values calculatefhr aquatic receptors based on TCEP releases from wastewater, WQP database, and g

b RQ values calculated foerrestrial receptors based on TCEP releases as fugitive air and stack air deposition

d Section5.1.2.2.5details the lack of information to characterize exposures for disposal of consumer wastes

3066

3067 EPA used IIOAC and AERMOD to estimate air deposition florpotheticafacility releases and

3068 calculate resultingedimentoncentration to a pondAir deposition to sediment as reported in Section
3069 3.3.2.10indicated the highest annual deposition,800m was 1251g/kg which isapproximately?

3070 times lower than the lowest sediment TCEP value modeled with VM¥A@ {(ncorporation into paints
3071 and coating$ solvent borne at 893g/kg) andapproximately40times lower than the highest PSC
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value for laboratory chemicals,(Bl0ug/kg). RQsfor each relevant COU listed rable4-7 were

calculated for air deposition to sediment /0D m and are available are presented withppendix G

for bothproduction volumes and meteorological conditidR@swere greater thanfbr TCEP use in

paints and coatings at job sites with both meteorological conditions for the 2,500 Ib/year production
volume. AlIIRQ valuedor the high production volume scenario2®,000 Ib/year were less thanwlith

the highesRQat 0.13 for TCEP use in paints and coatings at job Fiteslow production volume

scenario modelingsed higkend estimates fat 98h percentile of the meaRQs for the meaif50th
percentile)air to sediment deposition with the AERMOD for both meteorological models were below 1.
It is not anticipated that air deposition to water will significantly contribute as TCEP concentrations
within the water column, pore water, and sedimeiitwtilize modeling via EFAST and VVWMPSC.

Frequency and duration of exposure can affect the potential for adverse effects in aquatic receptors.
Within the aquatic environment, a twiered modeling approach was employed to predict surface water,
pore water, and sediment TCEP concentrations. If tRA&T predicted 7Q10 surface water
concentrations were greater than the chronic or acute COCs, the YR'®@Vmodel was then used to
confirm whether the predicted surface water concentration days of exceegls determined by the

acute COC andhronic COC For TCEP, all shapplicableOESs (Table4-7) modeled in EFAST

produced chronic RQ valugseateror equal tal, prompting the use of VVWNPSC for greater

ecological resolution on TCEP concentrations and days of exceedance within the water column and
benthic compartments.

Environmental RQ values by exposure scenario with TElERcewater concentrains (ppb) were
modeled by BFAST and VVWMPSC and are presentedTiable4-9. The max day average
concentrationproduced by VVWMPSCrepresent the maximuooncentratior{ppb)over a * or 14

day average period corresponding with the acute or chronic COC used for the RQ estimate.
Environmental RQraluesby exposurescenario foraquaticorganisms with TCERorewater
concentratiorand sediment concentratiorodeled by VVWMPSCare presented withihable4-10 and
Table4-11, respectively. Scenarios and production volume allow for the calculatR@®efand days of
exceedance thaébr risk estimation taaquatic organisms¢enariosvith an acute R@reater than or
equal tol, or a chronidRQ greater thar equal tal and14 days or more of exceedance for the chronic
COCQC)

VVWM -PSC considers model inputs of physiaatichemical properties of TCERE., Kow, Koc,

water column haffife, photolysis haHlife, hydrolysis hallife, and benthic halfife) allowing EPA to
model predictedenthicpore water and sediment concentrations. The rok&efvithin the VVWM-
PSC on sediment TCEP concentrations was investigathd sensitivity analysis. Model inputs for
this physicalandchemical property were remented as the mean artti percentile of the meanith
values of 2.82 and 2.13, respectively. ResulfB@EP concentrations withisurface water and benthic
pore water were not influenced by model input&e§; however, sediment concentrations were highl
influencedby this model parameter.fie use of theth percentile of the mean (2.13) proedd CEP
concentration$or sedimenwithin one to two orders of magnitudéreported within published
literature(Maruya et al., 201;,65tachel et al., 2005Results for VVWMPSC modebutputpresented
within Section4.3.2utilized aKoc value of 2.13, while results utilizing the mean of 2.82 are presented
within Appendix Gin Table_ApxG-2, Table_ApxG-3, andTable_ApxG-4.

EPA considers the biological relevance of species that COCs or hazard values are based on when
integrating these values with the location of the surface water, pore water, and sediment concentration
data to produce RQs. LHaistory and habitat of aquatic organisms influence the likelihood of exposure
above the hazard threshold in an aquatic environment. EPA has identified COC values associated with
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aguatic hazard values and include acute COC, chronic €&06ndaracute COC, angecondary
chronic COCThe acute COC for aquatic species is the lower 95 percent Cl of gzt SSDa
modeled probability distribution of toxicity values from multiple taxa inhabiting the water colLimen.
chronic COC is represented by a growth aedetbpment endpoint from idlay exposures to TCEP
within the water column. Calculated RQ values for pore water and sediment are represerdedteiith
and chronic COCs in addition s&condaryCOCs derived from acute and chronic COCs as detailed in
Section4.2.4 ThesecondaryacuteCOC andsecondarghronicCOCvalueshave been applied to
environmental concentrations to demonstrate RQ values for pore water and sduinvener, the
confidence in these RQ inputs were describaslighto within Table4-6 as compared to tH@#noderaté
confidencedeterminationgor the acute COC and chronic COC

4.3.1.1 Risk Characterization Approach for Trophic Transfer
Trophic transfer is the process by which chemical contaminants can be taken up snsghrough
dietary and media exposures darahsferfrom one trophic level to another. Chemicals can be transferred
from contaminated media and diet to biological
(bioaccumulation) if they are notadily excreted or metabolized. Through dietary consumption of prey,
a chemical can subsequently be transferred from one trophic level to another. If biomagnification occurs,
higher trophic level predators will contain greater body burdens of a contaroomapared to lower
trophic levelorgansms

EPA conducted screening level approaches for aquatic and terrestrial risk estimation based on exposure
via trophic transfeusing conservative assumptions for factors such as: area use factor, TCEP absorption
from diet, soil, and wateiSectionE.2.5details persistence as this compound is expected to persist

within aquatic and terrestrial environments. Under laboratory conditions, mean whole body BCF for
juvenile Atlantic Salmor§Salmo alar) is reported as 0.34 L/kg wet weight for experimental

exposure concentration of 1.0 mgArukwe et al., 2018 TCEP is not considered bioaccumulative
howevergeometric meanoncentrations within biota Lake Erie have been reported at concentrations

of 35.6 ng/g lipidas reportedby Guo et al. (2017hin Sectiord.1.2 Section4.1reports measured
concentrations of TCEP within biota wislevenstudies indicating TEP concentrations within whole

fish and lipid éeeSectiond.1.2.), one study within a marine mammal (Sect#oh.2.), and two studies

with terrestrial organismséeSection4.1.3.). A screening levednalysiswas conducted for trophic

transfer and formulation of RQ values from aquatic and terrestrial hazard JBR@svalues were

greater than or equal g riskestimationbased on potential trophic transfer of TCEP is indicated from

this screening level gpoach and further refined analysis is warrantednRQ value is less thah, risk

based on potential trophic transfer of TCEP is not indicated from screening level approach and no
further assessment is necessdie screening level approach employmbination of conservative
assumptionsi.e., conditions for several exposure factors included wilgoationd-3 below) and

utilization of the maximum values obtaih from modeled and/or monitoring data from relevant
environmental compartments.

Following the lasicequationsas reported inChapter 4 of thé).S. EPA Guidance for Developing

Ecological Soil Screening Levdls.S. EPA, 2005g wildlife receptors may be exposed to contaminants

in soil by two main pathways: incidental ingestion of soil elideding, and ingestion of food items that

have become contaminated due to uptake from soil. The general equation used to estimate the risk from
exposure via these two pathwaygisvided below
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Equation 4-3

Where

. YE RO Z&)D &

B 6 z0z &) 27) 2! &

z1 5 &

YU

RQ
Soif
N

Bj
P
FIR
WIR
AFj

oY

Risk quotient for contaminant (j) (unitless)

Concentration of contaminant (j) in soil (mg/kg dry weight)
Number of different biota type (i) in diet
Concentration of contaminant (j) in biota type (i) (mg/kg dry weight)
Proportion of biota type (i) in diet
Food intake rate (kg of food [dry weight] per kg body weight per day)
Waterintake rate (kg oWvaterper kg body weight per day
Absorbed fraction of contaminant (j) from biota type (i) (for screening

purposes set equal to 1)

A st

equal to 1)

HTj
Ps
AUF

Hazard Threshol@img/kgBW][wet weight]/day)
Proportion of total food intake that is soil (kg soil/kg food)
Area use factor (for screening purposesequal to 1)

Absorbed fraction of contaminant (j) from soil (s) (for screening purpeses

Table 4-8. Terms and Values Used to Asse$®tential Trophic Transfer of TCEP for Terrestrial

Risk Characterization
Earthworm Short-Tailed Shrew American American Kestrel American
Term S . (Blarina Woodcock . Mink
(B el brevicauda (Scolopax mingr (reliee gemeriy (Mustela visoh
Soif? | 0.0065mg/kg® | 0.0055mg/kg® 0.0055mg/kg® 0.0055mg/kg® 10.3mg/L®
TCEP TCEP TCEP TCEP TCEP
N 1 1 1 3 1
0.0055mg/kg
TCEP (worm)
B 0.0055mg/kg® | 0.0055mg/kg TCEP | 0.0055mg/kg 2'8%4;5 ghgol 'r‘tgta"e 4| 3.71mglkg’
! TCEP (soil) (worm) TCEP (worm) shrew) TCEP (Fish)
0.0057 mg/kg
TCEP (woodcock)
Pi 1 1 1 0.33 1
FIR 1 0.55° 0.77° 0.30' 0.22°
WIR 1 0.223 0.1° Dietary hydration | 0.104°
AF;j 1 1 1 1 1
AFs; 1 1 1 1 1
HT, 0.3 mg/kg 0.66 mg/kgbw/day | N/A 0.0025 mg 24.2 mg
soil/day TCEP/kgbw/day | TCEP/kg
bw/day
Ps 1 0.0% 0.164 0.05% 1
AUF 1 1 1 1 1
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T Short-Tailed Shrew American American Kestrel American

(Eisenia fetida JEREIE HDDaEEe L (Falco sparveriuy Julll
brevicauda (Scolopax mingr (Mustela visoh

aTCEP concentration irusfacewater for Mink
b Highestsoil concentration of TCEP obtained usis§RMOD modeling(2,500 Ib/yeay
¢ Highestsurface water concentration of TCEP obtained usigvM -PSCmodeling(2,500 Ib/year)
d Highest fish concentration (mg/kg) calculated from surface water concentration TCEP (VR&@Yland whole body
BCF of 0.34(Arukwe et al., 2018
¢ Exposure factors (FIR and WIR) sourced from BPwVildlife Exposurd-actorsHandbook(U.S. EPA, 1993p
fNo TCEP hazard threshold value for this representative species is available
9 Soil ingestion as proportion of diet represented at the [@ftentile sourced from EBASuidance for Developing
Ecological Soil Screening Levdls.S. EPA, 2005n

Term

Terrestrial hazard data are available for soil invertebrate and mammals using hazardetalled in
Section4.2.4 Representative avian and mammal species are chosen to connect the TCEP transport
exposure pathway via trophic transfer from earthworm uptake of TCEP from contaminated soil through
invertivore avian (American woodcogrknd mammal (shotailed shrew) species, to the American

kestrel that feeds on invertebrasesswellas aviarand small terrestrial vertebrates.

At the screening level, the conservative assumption is that the invertebrdioe thetAmerican

woodcock and shothiled shrew comprissl00 percentearthworns from contaminated soil. Similarly,

the dietary assumptions for the American kestrel argpg@€entof the invertebrate, avian, and mammal
diet are from the earthworm, Amedaiit woodcock, and shetdiled shrew, respectively. Additionally,
thescreening level analysisses the highest modeled or monitored soil contaminate level to determine if
a more detailed assessment is requiBattause surface water sources for wildlifdewangestion are

typically ephemeral, the trophic transfer analysis for terrestrial organism assumed TCEP exposure
concentration for wildlife water intake are equal to soil concentrations for each corresponding exposure
scenario.

Exposure factorfor food intake rate (FIR) and water intake rate (WIR) were sourced frolBRAé s
Wildlife Exposurd-actorsHandbook(U.S. EPA, 1993p The poportion of total food intake that is soil
(Ps) is represented at thet®@ercentile for representativaxa Ehorttailed shrew, woodcock, and

hawk) and was sourced from calculations and modeliPidd Suidance for Developing Ecological

Soil Screening Leve(8).S. EPA, 2005a Additional assumptions for this analysis have been considered
to represent conservative screening va(leS. EPA, 2005a Within this model, incidental oral soll
exposure is added to the dietary exposure resulting in total oral exposure greater fenceriOn

addition, EPA assumes that 1p€rcentof the contaminant is absorbedm both the soilAFs) and

biota representing preyAF;). The proportional representation of time an animal spends occupying an
exposed environment is known the area use factor (AUF) and has been set at 1 for all biota within this
equation Table4-8).

The followinghazard valuewere useddr trophic transfer of TCEP from media (soil) through trophic

levels earthworm ChV 00.3 mgkg soil, mammalTRV dose of44 mgkg-bw/day, and American

kestrel LOELat dose®f 0.0025 mgkg-bw/day.Shorttailed shew and American mink hazard threshold
values were calculated from the mammal TRV (44 mdplkeday) to represent the mean sharted

shew andAmericanmink body weight values of 0.015 kg and 0.55 kg, respectively, reporigéAd s

Wildlife Exposurd-actorsHandbook(U.S. EPA, 1993p It is important to reiterate that hazard values

within this screeningevel trophic transfer analysis for earthworm and American kestrekaresented

by endpoints of gastrointestinal damage and increaser plasma thyroid hormones, respectively. Although
the most sensitive adverse outcome within soil invertebrates from TCEP exposure is for earthworm, the
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ecologically relevant effects for saivertebrates are for reduced growth and shortened lifespan with a
ChV of 612soil mg/kg from which an RQ value can also be calculated. The inclusion of earttworm
and kestredfrom this screenindevel analysis represent an additional conservative apipifoa

estimating risk to terrestrial organisms via trophic transfer.

For semtaquatic terrestrial species, the TRV was used with the Amamaainfor the screening level
assessmertTable4-8). Similar to the above soil concentrations used as termis&ifjuationd-1, the
highestsurface weer concentratiomodeled via VVWMPSCwas used as a surrogate for the TCEP
concentration found in thémericanmi n k 6, svhictiis heghly variable depending on habitat. In a
riparian habitat, mink derive 4 92 percentof their diet from aquatic org&éms, which includes fish,
crustaceans, birds, mammals, and vegetdfitexander, 197). The Americanmink was used as the
representative species f@miaquatic mammals. As a conservative assumptionp&@tentof the
Americanmi nk dés di et i s pr d&dhconceatthtion (ong/kgowasecaldulatedrasingi s h .
surface water concentrati®of TCEP from VVWMPSC assuming a BCF of 0.34 as reported for whole
body values from 1 mg/L TCEP exposures under laboratory condflonkwe et al., 2018

4.3.2 Risk Characterization for Aquatic Receptors
The physicabndchemical properties of TCEP and its persistence translate to removal from the water
column by particulate and sediment organic matter and persistence within s€dee8etction2.2.2.
TCEPmay partition between water and sediment due to its physical and chemical pr@pettissa
result,exposure of TCEP and the duration of that exposuoeganisms dwellingvithin the sediment
could beelevatedMany benthic invertebrates are detritivores, meaning they feed on dead plant and
animal material or contribute to the liberation of additiondtient resources by further breaking down
these materialPetritivorous benthic invertebrates often serve as an important food source for many
juvenile fishery and nogame resident species. In several cases, days of exceedance were greater in
pore wate(Table4-10) and sedimentl{able4-11) thanthe surface wateil@ble4-9), further indicating
that TCEP would be a more persistent hazard to benthic dwelling organisms with increased ddirations o
exposure.

The VVWM-PSC model identified substantial deposition of TCEP to the sedifalnlie@d-11) with a
production volume of 2,500 Ib/yedristed below are the out of 20 COU4Life cycle stage/ Category/
Subcategory with their respective OES&jaluatedRQsfor chronic duration exmures were greater

than or equal to one with more than 14 days of exceedance within both pore water and s&diment.
majorconcern centered around tR®swithin sediment and pore water is the lasting effects on benthic
biota and potential commun#gvel impacts from chronic TCEP exposure within this aquatic
compartment.

Manufacture/ Import/ Import/ Import and Remckaging

Surface WaterSurface water acute RQ values for import and packaging TGERss than 1 via both
E-FAST and VVWMPSC modeling. BotE-FAST and VVWMPSC models demonstrated chronic

RQs greater than, however, no days of exceedance were greater than or equal to 14 days. Specifically,
E-FAST and VVWMPCS days of exceedance were 2 and 5 days, respectively.

Pore Water:The pore water atceRQ for importing and repackaging TCERasless than one the acute

COC.The dironicRQ for importing and repackaging TCERaggreater than one for the chronic COC
at 2.47 The corresponding days of exceedance for the chronic W&3@9 days
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SedimentThe sediment acutRQ for importing and repackaging TCERagless than one for the acute
COC.The dironicRQ for importing and repackaging TCERaggreater than one for the chronic COC
at 14.29. The corresponding days of exceedance for the cl@@€was119 days.

Processingincorporated intoFormulation, Mixture, or Reaction ProductPaintsand Coating
Manufacturing/ Incorporation into Paintsand Coatingsi 1-Part Coatings

Surface WaterSurface water acute RQ values for TCEP incorporatitmpaints and coatingsl-part
coatings were less than 1 via botfrEST and VVWMPSC modeling. Both££AST and VVMWPSC
models demonstrated chronic RQs greater thd&owever, no days of exceedance were greater than or
equal to 14 days. Specifically;FEAST and VVWMPCS days of exceedance were 0 and 4 days,
respectively.

Pore Water:The pore water acutRQ for TCEP incorporation into paints and coatiiigpartcoatings
wasless than one for the acute CO®e dironicRQ for importing and repackaging TCERasgreater
than one for the chronic COC at 5.44. The corresponding days of exceedance for the chromesCOC
82days.

SedimentThe sediment acufRQ for TCEP incorporation into paints and coatiiigspartcoatings vas
less than one for the acute COC. Chrd®igs for importing and repackaging TCERsgreater than
one for the chronic COC at 31.31. The corresponding days of exceedance for the chronia<1@&

Processinglncorporated intoFormulation, Mixture, or Reaction ProductPaintsand Coating
Manufacturing/ Incorporation into Paintsand Coatingsi 2-Part Coatings

Surface WaterSurface water acute RQ values for TCEP incorporation into paints and céatings
resins/solvenborne were less than 1 via botHFBST and VVWMPSC modeling. BothEAST and
VVMW -PSC models demonstrated chronic RQs greater thamwiever, no days of exceedance were
greater than or equal to 14 days. SpecificalfgAST and VVWMPCS days of exceedance were 0 and
3 days, respectively.

Pore Water:The pore water acuteQ for TCEP incorporation into paints and coatifiggsins/solvent
borne vasless than one for the acute CO®e dironicRQ for importing and repackaging TCERagv
greater than one for the chronic COC at 2.49. The corresponding days of exceedance for the chronic
COCwas48 days.

SedimentThe sediment acutRQ for TCEP incorporation into paints and coatifiggsins/solvent

borne vasless than one for the acute CO'he dironicRQs for importing and repackaging TCRRs
greater than one for the chronic COC at 14.29. The corresponding days of exceedance for the chronic
COCwas118 days.

Commercial usePaints and coatingsPaints and coatingslUse in Paints and Catings at Job Sites

Surface WaterSurface water acute RQ values for TCEP use in paints and coatings at job sites were less
than 1 via both EEAST and VVWMPSC modeling. BothHEAST and VVMW-PSC models

demonstrated chronic RQs greater thahdlvever, no dys of exceedance were greater than or equal to

14 days. Specifically, FAST and VVWMPCS days of exceedance were 1 and 3 days, respectively.

Pore Water:The pore water acutRQ for TCEP use in paints and coatings at job sitasl@ss than one

for theacute COCThe dironicRQs forpaintsandcoatings at job sitesasgreater than one for the
chronic COC at 2.95. The corresponding days of exceedance for the chronigadS6€days.
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SedimentThe sediment acutRQ for TCEP use in paints and coatings at job sitasless than one for
the acute COCThe dironicRQ for paintsandcoatings at job sitesasgreater than one for the chronic
COC at 17.01. The corresponding days of exceedance for the chronic &225nhys

Processing/ Incorporated int&ormulation, Mixture, or ReactionProduct/ PolymerdJsed in
AerospaceEquipment andProducts/Formulation of TCEP into 2Part Reactive Resins

Surface WaterSurface water acute RQ values for formulation of TCEP irar2reactive resins were

less than 1 via both-EAST and VVWMPSC modeling. BothHEAST and VVMWPSC models

demonstrated chronic RQs greater than 1, however, no days of exceedance were greater than or equal tc
14 days. Specifically, #AST and VVWMPCS dayg of exceedance were 1 and 3 days, respectively.

Pore Water:The pore water acutRQ for formulation of TCEP into -part reactive resinsasless than
one for the acute COTQhe dironicRQ for 2-part reactive resingasgreater than one for the chronic
COC at 2.90. The corresponding days of exceedance for the chroniov@s36 days.

SedimentThe sediment acutRQs for formulation of TCEP into-part reactive resins were less than

one for both the acute COC asecondaryacute COC. ChroniRQs for2-part reactive resingere both

greater than one for the chronic COC aerdondaryghronic COC at 16.74 and 167.44spectively. The
corresponding days of exceedance for the chronic COGexmhdaryehronic COC were 124 and 190
days.

CommercialUse/ LaboratoryChemicals/ LaboratoryChemicals/Laboratory Chemicals

Surface WaterWithin the water column, acute R@lues for laboratory chemicals were less than 1 via
both EFAST and VVMM-PSC modeling. VVMWPSC modehg demonstrated a chronic RQ b4

with days of exceedanaé 179

Pore Water:The pore water acutRQs for laboratory chemicalsagless than one fahe acute COC
The dironicRQ for laboratory chemicalgasgreater than one at1B. The corresponding days of
exceedance for the chronic COf@s84 days.

SedimentThe sediment acuRQ for laboratory chemical@asless than one for the acute CO®e

chronicRQ for laboratory chemicalg/asgreater than one for the chronic COG&Q The
corresponding days of exceedance for the chronic @@209days.
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3350 Table 4-9. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 Ib/yearfor Aquatic Organisms with
TCEP SurfaceWater Concentration (ppb) Modeled by VVWWM-PSC

3351

3352
3353
3354

Modeled Using VVWM-PSC

COU (Life Cycle Occupational Production Days of | Release| Max Da Days of
io| Volume Y| coc | coc |Exceedance
Stage/Category/Subcategory) | Exposure Scenario a | Release| (kg/day) | Average RQ
(Ibfyear) 0° | Type | (ppb) | (days per
b)®
(PP year)
Import and 2,390 Acute 85,000 | N/A 0.03
Manufacture/ Import/ Import repackaging 2,500 4 9.88 683 Chronic 1559 15 1222
[ i . 10,200 Acute 85,000 | N/A 0.12
Eﬁﬁ;ﬁ:gg/ Imn&?‘z?gr i‘ff?eg‘ctfion Inafigggrﬁté%g'[lirrlltog' 2,500 2 35.17 [1,480 Chronic |55.9 |4 26.48
product Paint and coating b : 9 : ' ' ' :
. 1-partcoatings
manufacturing
Processing/ Incorporated into Incorporation into 8,280 Acute 85,000 | N/A 0.10
formulation, mixture, or reaction |paintsandcoatingsi 2500 1 31.89
product Paint and coating 2-partreactive : ' 673 Chronic |55.9 |3 12.04
manufacturing coatings
Comnercial use/ Paints and Use inpaintsand 2500 5 395 5,590 Aclite 85,000 NA 0.07
coating$ Paints and coatings coatingsatjob sites : ' 804 Chronic |55.9 |3 14.38
Proessing/ Incorporated into : 9,190 Acute 85,000 |N/A 0.11
formulation, mixture, or reaction Formul_auon of .
' T TCEP into 2part 2,500 1 31.53 |789 Chronic |55.9 3 14.11
product Polymers used in aerospaj . :
: reactive resins
equipment and products
c il use/ Laborat Laborat 96 Acute 85,000 | N/A 1.13E
ommercial use/ Laboratory aboratory 2500 182 039 i03
chemical$éLaboratory chemicals |chemicals -
97 Chronic |55.9 |[179 1.74

@ Production volume of 2,500 Ib TCEP/year uses keghk estimates (95th percentile for all COUs except the laboratory chemicals COU Ustpdteentile)
b Max day average represents the maximum concentration over d4day average periocbrresponding with the acute or chronic COC used for the R(

estimate

¢ VVWM -PSC model input parameter foOkC utilized the Bh percentile (2.13) of the mean (2.82)
N/A = Days of exceedance are modeled for the application of chronic COCs and do novaapiid COCs and corresponding RQs
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Table 4-10. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 Ib/yearffor Aquatic Organisms with
TCEP Pore Water Concentration (ppb)Modeled by VVWM-PSC

Benthic Pore

Benthic Pore Watef

ciol, (e Cyat Occupational PG Days of | Release Water
S EOE CEIEEnE S Exposure Scenario Ylne Release (kg/day)| Concentration
category) b (Iblyear)® giday (opb)" COC | coC | Days of .
PP Type | (ppb) | Exceedance
Import and 154 Acute (85,000 N/A 1. 82H
Manufacture/ Import/ Import . 2,500 4 9.88 .

Hiaci P PO | repackaging 138 Chronic |55.9 49 2.47
E)rrontl:ﬁgstilgg/ Irgi(;citrﬁgr%t;ad into Inc_orporation i'nto 339 Acute. 85,000 N/A 3.99E
: ’ - paintsandcoatingsi 2,500 2 35.17 304 Chronic |55.9 82 5.44

reaction produétPaint and 1 :
. ) -partcoatings
coating manufacturing
Processing/ Incorporated into| Incorporation into 155 Acute 85,000 N/A 1. 82H
formglatlon, mlxturg, or palntsandcpatlngs 2.500 1 31.89 139 Chronic 155.9 48 > 49
reaction produc¢tPaint and 2-partreactive
coating manufacturing coatings
Commercial use/ Paints and |Use inpaintsand 185 Acute 85,000 N/A 2. 18H
) ) . , . ) 2,500 2 23.25 :
coatings Paints and coatings |coatingsatjob sites 165 Chronic |55.9 56 2.95
Processing/ Incorporated intg 180 Acute 85,000 N/A 2. 12H
formulation, mixture, or Formulation of 162 Chronic |55.9 55 290
reaction produ¢tPolymers TCEPInto 2-part 2,500 1 31.53
used in aerospace equipmeni reactive resins
and products
Commercial use/ Laboratory Laboratory 66 Acute 85,000 N/A 7.76E1 D
chemicalsLaboratory chemicals 2,500 182 0.39 66 Chronic 1559 a4 118

chemicals

2 Production volume of 2,500 Ib TCBRaruses higkend estimates (95th percenfite all COUs except the laboratory chemicals COU useé&dtygercentile)
b Max day average represents the maxinmamcentration over a br 14day average period corresponding with the acute or chronic COC used for the |

estimate

°VVWM -PSC model input parameter #éec utilized the Bh percentile (2.13) of the mean (2.82)
N/A = Days of Exceedance are modeledtfar application of chronic COCs and do not apply for acute COCs and corresponding RQs
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Table 4-11. Environmental Risk Quotients (RQs) by COU with Production Volumes of 2,500 Ib/yearffor Aquatic Organisms with
TCEP Sediment Concentration (ppb) Modeled by VVWMPSC

i i Sediment
COU (Life Cycle Occupational L Ui Days of | Release Sedlmen_t
. | Volume Concentration
Stage/Category/Subcategory) | Exposure Scenario (Iblyear)? Release (kg/day) (ppb)? coc | coc Days of
Type | (ppb) |Exceedance R
M tacture | " . Import and 2,500 4 9.88 894 Acute |85,000 N/A 0.01
anufacture/ Import/ Impor i

P P repackaging 799 Chronic |55.9 119 | 14.29
Processing/ Incorporated into |Incorporation into 2,500 2 35.17 (1,960 Acute |85,000 N/A 0.02
formulation, mixture, or reactior paintsandcoatingsi :
product Paint and coating 1-partcoatings 1,750 Chronic | 55.9 145 31.31
manufacturing
Processing/ Incorporated into |Incorporation into  |2,500 1 31.89 |893 Acute 85,000 N/A 0.01
formulation, mixture, or reactior paintsandcoatingsi :
product Paint and coating 2-partreactive 799 Chronic | 55.9 118 14.29
manufacturing coatings
coatings Paints and coatings | coatingsatjob sites 951 Chronic |55.9 125 1701
Processing/ Incorporated into |Formulation of TCEHR 2,500 1 31.53 (1,040 Acute |85,000 N/A 0.01
formulation, mixture, or _reactlor mto_ 2-part reactive 936 Chronic 155.9 124 16.74
product Polymers used in resins
aerospace equipment and
products
chemicals Laboratory chemicals 380 Chronic |55.9 209 6.80

2 Production volume of 2,500 Ib TCEP/year uses {@gh estimates (95th percentile for all COUs except the laboratory chemicals COU dsg¢s the

percentile)

b Max day average represents the maximum concentration over d4day average period correspomgliwith the acute or chronic COC used for the R

estimate

*VVWM -PSC model input parameter #doc utilized the 5th percentile (2.13) of the mean (2.82)
N/A = Days ofexceedance are modeled for the application of chronic COCs and do not agayteoCOCs and corresponding RQs
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EPA used surface water monitoring data from the WQP and published literature to characterize the risk
of TCEP to aquatic organism3hese monitored surface watkitareflect concentrations ofJEP in

ambient watentVQP data show an average $EM) concentration for TCEP of 0.330.02ppbin

surface water from 466 measurements taken throughoutited3tatesbetween 2003 and 202Phe

highest concentration recorded during this period a8 ppb which was recorded in August 2013 in
Rochester, Bw Y ork. Table4-12 shows that R@stimatesvereless than for both acute and chronic

COCGs. There arano sediment samples above the detection limit for TCEP in the WQP.

Table 4-12. Risk Quotients (RQs) Calculated Using Monitored Environmental Concentrations
from WQX/WQP

Monitored Surface Water Concentrations RQ Using Acute COC of RQ Using Chronic COC of
(ppb) from 2003i 2022 85,000 ppb 55.9ppb
Mean (Standarérror of the Meah 3.88&1 05 5.9%1 03
0.33(0.02) ppb
Maximum: 7.66ppb 9.01E1 05 0.13

Five of thesix studies from reasonably available published literature sampled waters withiniteeé U

States while one included sample sites from botls.ldnd Canadian wate(Scott et al., 1996 All six

studies from published literature are represented by general population surface water sampling where
TCEP concentration are not associated with a specific facility. One study encompassed 85 sample sites
for TCEP with study design placing sampling dir
livestock production, detecting TCEP within 49 of the 8Bgles and resulting in minimum and

maximum TCEP concentrations of 0.02 and 0.54 ppb, respedti¥&hypin et al., 200). Across all

studies a total of 185 samples resdih 141 samples with TCEP detected and 44-detected

samplings between 1994 and 2013. The me&i) for TCEP concentrations reported within surface
water in the reasonably available gabkd literature is 06L(+0.05) ppb with minimum and maximum
concentrations of 0.0002 and 0.81 ppb, respectively.

Table4-13 shows RQ®stimatexlose to zero for both acute and chronic COCs.

Table 4-13. Risk Quotients (RQs) Calculated UsingTCEP in Surface Water from Monitored
Environmental Concentrations from Published Literature

Monitored Surface Water Concentrations RQ Using Acute COC of | RQ Using Chronic COC of
(ppb) from Published Literature 85,000 ppb 55.9 ppb
Mean (Standard Error of the Mean): 1.8506 2.86 03
0.16 (0.05) ppb
Maximum: 0.81 ppb 9.5E 06 1.4 02

Two studiegepresenting TCEP sediment concentrations from thiteetdStatesand another conducted
within Germany and th€zechRepublic were presesd within the reasonably available literature. The
study conducted in therlited Statesampled sediment within coastal embayments in southern
California andhe Santa Clara RiveWatershedMaruya et al., 2016 The mean sediment TCEP
concentration was 2j2g/kg and 9€h percentile othe mean of 4.@pbwith maximum TCEP
concentrations in sediment within coastal embayments and the Santa Clara Watershquphia®.@8
5.08pph respectivelyMaruya et al., 2016 A survey of 37 sample sites along the Elbe River within
Germany and the Czech Republic followinfiamding event in 2002 reported a range of TCEP in
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sediment fromess tharl to 41ppband a median concentration of pgb (Stachel et al., 2005RQs
wereless than for acute COCs for all mean, median, and maximum TCEP concentr@fiadvie4-14).

RQs for TCEP in sediment using the chronic COC were also less than one for all values within these
published studies.

Table 4-14. Risk Quoatients (RQs) Calculated Using TCEPConcentrationsin Sedimentfrom
Published Literature

Monitored Sediment . : . Reference
i RQ Using Acute RQ Using Chronic :
Concentrations (ppb) from (OveraII_ngllty
SR (L e COC of 85,000 ppb COC of 55.9 ppb Determination)
Mean: 2.2 ppb 2.58E10 0.03
(Maruya et al., 2016
Maximum: 6.98 ppb 8. 21ET1T0 0.12 (High)
Median: 7.4 ppb 8. 7TO0ETO 0.13
(Stachel et al., 2005
Maximum: 41 ppb 4. 82ET1 O 0.73 (Medium)

4.3.3 Risk Characterization for Terrestrial Receptors

RQs were lesghan 1 forall relevantexposure scenariaghen using the highest AERMOD predictions
for air deposition to soil at,@00m. Table4-15 presents soil concentration and chronic RQ values from
the exposure scenario with the highest TCEP soil concentrations, indik@sigelow Ifor soll
organisms based on modeling datae hghest soil concentration recorded from AERMOD predictions
is 0.0055 mg/kg based on TCEP use in paints and coatings at job sit@®atd Soil concentrations

and RQ values for all scenarios, production volumes, and meteorology models are presemted withi
Table_ApxG-8.

Table 4-15. Calculated Risk Quotients(RQs) Based on TCEP Soil Concentrations (mg/kg) as
Calculated Using Modeled Data

Occupational P(?glﬂ‘r:]:'gn Meteorological Soil Concentration | Chronic RQ (Hazard
Exposure Scenario 2 ModeP (mg/kg) at ,000m° Value: 612 mg/kg)
(Ib/year)
Use inpaintsand 2500 MetCT 3.97Ei 03 6.4%1 06
coatingsatjob sites ’ MetHIGH 5.58 03 9.11Ei 06

2 Production volumef 2,500lb TCEP/yr uses higlend estimates (95th percentile)

b The ambient air modeled concentrations and deposition values are presented for two meteorology conditi
(Sioux Falls, 8uth Dakotafor central tendency meteorology; and Lake Charlesjdianafor higherend
meteorology)

¢ Estimated concentrations of TCEP (90th percentile) that could be in soil via air deposition at a community
m from the source) exposure scenario

Risk characterization and trophic transfer for terrestrial receptors is based on modeled smhdata fr
AERMOD sncethere are no published literature or monitoring databases with TCEP soil concentrations
from U.S. site@nd one comparative study from Germdiyhajlovic and Fries, 2012 Transient

increases in TCEP concentration have been observedngahconcentrations elevatdébm 0.008 to

0.023 mg/kg immediately following snowmelt conditiofidihajlovic and Fries, 200)2RQsto soil
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3422 invertebratesvere below Ior soil TCEP concentratiores reported for different sample periods from
3423 Mihajlovic and Fries (2012jTable4-16).

3424

3425 Table 4-16. Risk Quotients (RQs) Calculated Using TCEP Soil Concentrationsfrom Published
3426 Literature

: Mean TCEP . Reference
Sample (_:pllectlon Concentration in Soil Chronlg O (-2 (Overall Quality
Conditions Value: 612 mg/kg) LT
(mg/kg) Determination)
Soil TCEP concentrations in 5.8%1 03 9.62Ei 06
January -
Soil TCEP concentration priol 7.67E1 03 1.2551 05 E:Mma”;g'lc and
to snowmelt Hes y
(High)
Soil TCEP concentration 24 2.34E101 02 3.76Ei 05
hours after snowmelt
3427 4.3.4 Risk Characterization Based on Trophic Transfer in the Environment

3428 Trophic transfer of TCEP and potential risk to terrestrial animals was evaluated using a s¢egehing
3429 approacttonducted as described in tBRAG &uidance for Developing Ecological Soil Screening
3430 Levels(U.S. EPA, 2005 TCEP concentraticgwithin biota and resulting RQ values for sitk relevant
3431 COUsrepresented bgevenOESs(Table4-7), two production volume scenarios (2,500 and 25,000
3432 Iblyear), andwo meteorologicamodels for soil deposition are presented in

3433 Table ApxG-9. Table4-17 presents inta concentrations and RQ values for the highest soil

3434 concentration via AERMODPaints and coatings at job sited)the 2,500 production volumd?Qs

3435 were below Xor all soil concentrations and COWbissed on the chronic hazard threshold for terrestrial
3436 invertebrate identified within Sectigh2.4.3 The chronic TRV, calculated using empirical toxicity data
3437 with mice and rats, alsesulted inRQs less than for dl modeled soil concentrations. The overall
3438 hazard confidence for the chrom@ammaliamassessmerand terrestrial invertebratesportedwithin

3439 Section4.2.6as robust and moderate, respectively, providing increased cordigetie application of
3440 these ecologically relevant hazard thresholds.

3441

3442 Estimates of risk representedR® valueswere calculatedsinghazard thresholds witim vivo data

3443 measuringecologically relevant endpoints such as mortality, reproduction, or grotwtiseRQ values
3444 areall below 1 for all species and corresponding tropénvelsrepresentedliable4-17). The earthworm
3445 and American kestrel are important tools in this screelengl trophic transfer analysis they

3446 represenan animal with direct ingestion of sdile., the earthwormand as a top avian predafoe.,

3447 thekestrel).Hazard values representing effects at theanglan level were identified for the earthworm
3448 (alterations irgastrointestinatract) and American kestrel (alterations in plasma thyroid hormone
3449 levels). TCEHRN biota calculated for the earthwormdaAmerican kestredre at doses @.0055 and

3450 0.0016 mg/kg/day, respectively, for the highest modeled soil TCEP concentration with a production
3451 volume of 2,500b/year Theydid not equal or exceed these species hazard thresholds described within
3452 Sectiond4.2.4.3 The hazard value for the American kestoeiges 00.0025 mg/kg/dayglid not result in
3453 any detectablanpactsto ecologically relevant endpoints of body weighfaod consumptiofirom this
3454 21-day dietary exposurgtudy with TCERFernie et al., 20)50ne COU(i.e., Use in paints and

3455 coatings at job sit¢at the 25,00@b/year production volume resulted in TCE®hcentrations of 0.025
3456 mg/kg/day however, this production volume is believed to be an overestimate of current production
3457 volumes in the United StateseeSectionl.11). In addition, thescreeninglevel analysisisedequation
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terms(e.g, area use factor and the proportion of TCEP absorbed from prey anallss®t to the most
conservative values further emphasizing a cautious approach to risk to TCEP viattangsier.

Table 4-17. Risk Quotients (RQs) for Screening LevelTrophic Transfer of TCEP in Terrestrial
Ecosystems Using EPAG6s Wslkddl i fe Ri sk Model for

TCEP Concentration Hazard REEENES 197 [ErElE
. . Value or TRV
Organism in Biota Threshold . RQ
(Overall Quality
(mg/kg/day) (mg/kg-bw/day) e R
Nematode 0.0055 612 (Xu et al., 201y (High) 9.0Ei 06
(Caenorhabditis
elegan}
Mammal 0.004 44 N/A° 9.8Ei 05
Shorttailed shrew 0.004 0.66 N/A° 0.007
(Blarina
brevicauda
Woodcock 0.005 N/A N/A¢ N/A
(Scolopax mingr

& Calculatedusing highest modeled soil TCEP concentrations with a production volume of 2,500 Ib/year (0.0C
mg/kg); see als&quationd-1.

b TCEP concentration represents the highest modeled soil concentration via AERMOD modeling with a prog
volume of 2500 Ib/year

¢ Mammal TCEP TRV value calculated using several stuaBgzgei(U.S. EPA, 2007a

9No TCEP hazard threshold value for this representative species is available

There are no reported studies within the pool of reasonably available published literatyuarntifyt

TCEP soil concentrations in the United States. A study with an overall quality determination of high
monitored TCEP soil concentrations in the summeig(st) and winter (JanuagndFebruary)months

in Germany(Mihajlovic and Fries, @12). The soil collection site was characterizedamg located
approximately3 km from the city center of Osnabrueck aibut20 m from buildings constructed of
reinforced concrete with facadpsedominately comprised of glagiota concentrations and RQ values
were calculatedsing the same assumptions as described previoushhbie4-8, utilizing the highest
TCEP soil concentration reportedifihajlovic and Fries (2012Note that his study should be
considered to represent TCEP concentrations in soil from an ambient urban environment and is not
diredly comparable to scenarios detailed within the curdeaft risk evaluation. In a related study at the
same sitetheauthors postulated that TCEP concentrations resulted from atmospheric deposition and
potentially from carsandemphasizing the importaa ofconsideringatmospheric deposition of
chlorinated organophosphate esterg.(TCEP) in future risk assessmefitéi haj | ovi ).Thet al
RQsarebelow 1 for all species and corresponding trophic level represerdabted-18). TCEP
concentrations in biota calculated for the earthworm and American kestrel wex&®>ghd

1.70x10 2 mg/kg/day, respectively, and ot equal or exceed these species hazard thidsstiescribed

in Sectior4.2.4.3
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3485 Table 4-18. Risk Quotients (RQs) Calculated with Highest Mean TCEP SoilConcentration
(5.8%Ei1 03 mg/kg) from Monitored Values in Published Literature for Screening LevelTrophic

3486

3487 Transfer of TCEP in Terrestrial EcosysS$le®ms
TCEP Hazard Reference for Hazard
: . Value or TRV
Organism Concentration in Threshold . RQ
Biota (mg/kg/day)® | (mg/kg-bwiday) (onremell el
Determination)
Nematode 5.8%Ei 03 612 (Xu et al., 201Y (High) 9.6Ei 06
(Caenorhabditis elegahs
Mammal 4.60Ei 03 44 N/A® 1.0Ei 04
Shorttailed shrew 4.6(Ei 03 0.66 N/A® 6.9E1 03
(Blarina brevicauda
Woodcock 5.7CEi 03 N/A N/A® N/A
(Scolopax mingr

3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501

3502
3503

& As reported iMihajlovic and Fries, 2002 see als&quationd-1.

® TCEP concentration represents the highest mean recorded soil concentration0S 8@#kg) as reported in

(Mihajlovic and Fries, 201)2

¢ Mammal TCEP TRV value calculated using several studies as detafléSinEPA, 2007r
9No TCEP hazard threshold value for this representative species is available

Usi n

RQs were belowl for semtaquatic terrestrial receptors via trophic transfer from fish and the highest
modeledTCEP surface water concentratiofiglple4-19). RQ and biota corentration values for all
COUs are presented withirable_ApxG-10. The hazard confidence for the chronic mammalian

assessment was reported as rohtstin Section4.2.6and BCF values used to approximate TCEP

concentrations within fish were from a highality study(Arukwe et al., 2018 The modeled TCEP
concentrations within this analysis are five orders of magnitude greater than surface water
concentrations identified from the WQP database and the published litefl@ble4-12 andTable

4-13). These results align with previous risk assessntbatgsoncludedthat TCEP is not viewed as a

bioaccumulative compoun@.S. EPA, 20152EC, 2009 ECB, 2009.

Table 4-19. SelectedRisk Quotients (RQs) (Highest Fish TCEP Concentrations)Based on
Potential Trophic Transfer of TCEP from Fish to American Mink (Mustela vison as a Model

Aquatic Predator Using EPASSEs?Wi | dl i fe Risk
. . _ American Mink
Occupational Production Release swee Fish (Mustela vison
Exposure Volume Distribution (opb) Concentration TCEP in Biota
i I k
Scenario (Ib/year) (mg/kg) (ma/kg/day) RQ
Formulationof 2,500 High-End 10,900 3.71 2.34 0.08
TCEPContaining
Reactive Resin

2 See alsd&quatiord-1

® TCEP Surface Water Concentration (SWC) calculated using VVREE
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4.3.5 Connections and Relevant Pathways from Exposure Medi® Receptors

4.3.5.1 Aquatic Receptors
SurfaceWater, BenthicPorewater,and Sediment
Within the aquatic environment, a twiered modeling approach was employed to predict surface water,
pore water, and sediment TCEP concentrations. If tRAET predicted 7Q10 surface water
concentrations were greater than the nloror acute COCs, the VVWNRSC model was then used to
confirm whether the predicted surface water concentration days of exceedance as determined by the
acute COC andhronicCOC. For TCEP, alive applicable COUsTable4-7) modeled in BFAST
produced chronic RQ values greater or equal to 1, prompting the use of VW8@\for greater
ecological resolution on TCEP concentrations and days of exceeddhiretiae water column and
benthic compartmen{seeSection4.3.]).

Air Depositionto Waterand Sediment

EPA used IIOAC and AERMOD to estimate air deposifrom hypotheticafacility releases antb
calculate pond watemnd sedimentoncentratios 1,000m from thehypothetical facility. Pond water
concentrations from air deposition were estimated for the COUs with air rel@abésA(7). The

highest estimate#l5th percentile pond wateroncentratiorfrom annual depositioracrossll exposure
scenarioswas8.1 ppbfor the Commercialiseof paintsandcoatingsscenario at an annual production
volume of 2,500 Ib per year. This highest modeled concentration within a pond at 1,000 m from a point
source wasipproximatelyl50 times lower than tHewest surface water concentration modeled using
VVWM -PSC (1,27(ppbas a maximum-tlay average concentration for thaboratory chemicals

scenario at an annual production volume of 2,500 Ib per.y&amieposition to sediment as reported in
Section3.3.2.10indicated the highest annual depositiod @0m was 125pb, which isaboutseven

times lower than the lowest sediment TCEP value modeled with VMR®B@ (Inorporation into paints
and coating$ solvent borne at 898pb) andabout40times lower than the highest PSC value for
laboratory chemicals (840ppb). Using VVWM-PSC, sediment concentrations from aquatic releases of
TCEP ranged from 898pbto 5,040ppbfor the production volume &,500 Ib/year, respectively, and
represent a significant driver of TCEP deposition to sediment within flowing water sysiémasigh

the IOAC and AERMOD were applied to a generic farm pond setting to calculate concentritions
TCEP in pond surface water and pond sediment, these models do not account for media exchange of the
chemical of interest ds the case fo¥VWM -PSC.In addition, t is not anticipated that air deposition to
water will significantlycontribute as TCEP concentrations within the water column, pore water, and
sediment will utilize modeling viaHEAST and VVWMPSC.

TCEP Runoff from Biosolids

Due to its persistence, it is likely that dissolved TCEP will eventually reach surface watevoffa

after the land application of biosolids. A review of reasonably available literature indicates that modeled
surface water, pon@ater, and sediment concentrations are approximately half the highest concentrations
andapproximately50 times greatehtin the mean valudsosolid concentrationseported inWWang et al.
(2019c) Direct exposure of TCEP to aquatic receptors via biosolids was not assessed quan(gagvely
Section3.3.3.

4.3.5.2 Terrestrial Receptors
Inhalation by Wildlife
Direct exposure of TCEP to terrestrial receptors via air was not assessed quantitatively because dietary
exposure was determined to be the driver of exposure to wildlife. The contribution of exposure risk from
inhalation relative to the ingestion expostoate is not expected to drive risk because of dilution
associated environmental conditicarsd the deposition of TCEP from air to q@ilS. EPA, 20032b).
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The contribution of exposure risk from inhalation relative to the ingestion exposure route is not expected
to drive risk because of dilution associated environmental condaimhshe deposition of TCEP from

air to soil(U.S. EPA, 2003h). AERMOD results indicate a maximum ambient air concentrg®ath
percentile MetHIGH) of 6.08x10 "¢ g ? an1,000 m frona hypotheticafacility for the Use opaints
andcoatings spray applicatio®©ES under the 2,500 Ib/year production volume usingititeirban

forest land category scenargegSection3.3.1.9. AERMOD results for the same conditions and COU

for air deposition to soil indicate a TCEP concentration of .88 at 1,000 m from a hypothetical

facility (Table_ApxG-8). In addition, TCEP is not persistent in air dushort halflife in the

atmosphere {k = 5.8 hoursJU.S. EPA, 2012pand becausparticlebound TCEP is primarily removed

from the atmosphere by wet or dry depositisseGection4.1.3.3.

Biosolids

TCEP is released to the environment by various exposure pathiwgyse@-1). The exposure pathway
for terrestrial organisms is through soil. Deposition of TCEP from air to soil is the primary exposure
pathway. A secattary source of TCEP contamination in soil is from the application of biosolids.
However, thenaximum modeledoncentration of TCEP in soil from biosolifz32¢<10 4 mg/kg for
pasturelandis two orders of magnitude less than theximummodeledTCEP soil oncentration from

air depositior8.65<10 2 mg/kg (seeSection3.3). Therefore, biosolid application is not expected to have
an impact on the terrestrial risk assessniegeSection4.1.4).

Air Depositionto Soll

As described in Sectio®3.3.2 EPAModeledSoil Concentrationsia Air Deposition(AERMOD),
IIOAC and subsequently AERMOD were used to assess the estimated release of TCEP via air
deposition from specific exposure scenarios to J@ble4-7). Estimated concentrations of TCEP that
could bedepositedn soil via air deposition at the community level (1,00@&om the source) exposure
scenarios have been calculatséeSection4.3.J).

Soil in Diet

Following the basic equations as reported within Chapter 4 obEB#dance foDeveloping

Ecological Soil Screening Levelsildlife receptors may be exposed to contaminants in soil by two main
pathways: incidental ingestion of soil while feeding, and ingestion of food items that have become
contaminated due to uptake from qailS. EPA, 2005a Within this model, incidental oral soil

exposure is added to the dietary exposure resulting in total oral exposure greater than 10&eercent
Section4.1.4).

SurfaceWater Ingestionin Wildlife

Becausewface water sources for wildlife water ingestion are typically ephemeral, the trophic transfer
analysis forterrestrial organisms assumed TCEP exposure concentration for wildlife water intake are
equal to soil concentrations for each corresponding exposure so@eadection4.1.4).

For semtaquatic terrestrial species, the TRV was used with the Amemaakfor the screening level
assessmerti able4-8). Similar b the soil concentrations used as term; 8olEquationd-3, thehighest
surface water concentratiomodeled via VVWMPSCwas used as a surrogate for the TCEP
concentration found in themericanmi n k 0 (seeSkdtian4.3.1.].

Semiaquatic Wildlife

The Americanmink was used as étrepresentative species fmmtiaquatic mammals. As a

conservative assumption, 1pércentof theAmericanmi nk 6s di et i s pr d&dh cted
concentration (mg/kg) was calculated using surface water concentrations of TCEP from-Y"&@'M
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3600 assuning a BCF of 0.34 as reported for whole body values from 1 mg/L TCEP exposures under
3601 laboratory conditiongArukwe et al., 2018 The conservative approach for calculated fish tissue
3602 concentrations presented in Sectbh.2.2was utilzed for trophic transfer analysistemtiaquatic
3603 mammals geeSection4.3.1.D).

3604 4.3.6 Summary of Environmental Risk Characterization

3605 4.3.6.1 COUswith Quantified Release Estimates

3606 EPA had uncertainty in the production volume and hazard value for sediment dwelling species;

3607 however, even at the realistic production volurh2,600 ldyear, EPA found chronic RQs above 1 with
3608 more than 14 days of exceedance for aquatic receptors in the sediment compesitmydmdth COCs

3609 that help bound uncertainties in the hazard. Additionally, because pifiysecatchemicaland fate

3610 propertiesEPA expects TCEP to partitidoetween water ansediment and be persistemthin the

3611 sediment compartmeritherefore EPA has moderate confidence that there is risk to aquatic organisms
3612 inthe sediment compartment for 5 out of 20 COUs.

3613

3614 The curent environmental risk characterization on TGHERzestwo alternatgroduction volume

3615 assumptios for the calculation of RQ valueshd 25,000 lfyearproduction volume is used #t high

3616 end estimationit is based on the reporting threshold for FOB CDR; however,giveBPA 6 s r es e a
3617 this is believed to be an overestimate of current production volumes imiteel Btates Thereforethe

3618 2,500 Ib production volume is reflective @dtimatecturrent production volume#n the current section

3619 theanalyses using,500 Ib/year productiomolume are presentediable4-20 andTable4-21 present

3620 RQ values for gposure scenarios with a production volume of 2,50Ceko/gndcorresponding

3621 environmentakisk for agquatic and terrestrial receptors, respectivEkposure data antbrresponding

3622 RQ values produced with a production volume of 25,000 Ib/year are presented withppdmix G

3623

3624 Within the aquatic environmerthronicRQsfor aquatic receptors from TCEP exposare elevated

3625 above one and have corresponding days of exceedance greater thanviidhitapsre water and

3626 sedimentompartments of benthic environméxatsed on the affinity angkrsistence of this compound.

3627 EPA calcuated risks to sediment organisms using two hazard thresholds (or EO@s)epresenting a

3628 more conservative threshold and the other a less conservative thitstolere referred to as

3629 secondary acute COC and secondary chronic Gk wasconsistentlyidentifiedwithin sediment and

3630 pore watewsing both COCs, which gives EPA more confidetheeuse of the COCs for RQ values

3631 presentedhroughout Sectiod.3.2 Secondary COCs represent the acute COC and chronic COC with
3632 the application of additional assessment factbable4-4); however, overall hazambnfidence was

3633 determinedotdoheéeoviet alghthazard confidence for a
3634 r at emodaate (Table4-6)wi t h overall confidence iiTabld he RQ
3635 4-23). Acute and chronic COCs wiffimoderaté hazardconfidence represeRQs within the current

3636 summary section as tlwerrespondingonfidence in risk characterization RQ inpuesrgvalsaatedas

3637 A med a Tabled-23).

3638

3639 Exposure concentrations were modeled based on COU related releases to the aquatic environment and
3640 are represented by TCEP values within surface water, pore water, and sediment. Confidence in aquatic
3641 exposure esti mat es ¢ parametes doasidaringirputssront GOUsnamdl pdysicah
3642 andchemical and fate parameters specific to TCEP. Surface water monitoring data were available from
3643 the WQP database and published literature, while monitoring data for TCEP in sediment was available
3644 from published literaturélable4-20 displays RQ estimates for all exposure scenarios with a production
3645 volume of 2,500 Ib/year in surface water TC&fhcentrations modeled via VVWHASC modeling. For

3646 TCEP modeled in surface water, one CQuHloratory chemicals) had a chroR@® greater than or
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equal to one and greater than 14 days of exceedance. The COU for laboratory chemicals resulted in
surface wateconcentrationd.7 times above the chronic COC witli9days ofexceedancelhe
Laboratory chemicals COU is characterized by greater days of released compared to other COUs with

guantified surface water releases, indicated by the exceedance of the chronic COC &orabiter
COUs with modeled TCEP concentrations for surface wit@s,using the chronic COC resulted in

values also greater than gmewever, the days of exceedance were well bét@ndays of exceedance
represented for chronic riskll relevant TCEP exposure concentration values for beBABT and

VVWM -PSC results fomodeled surface water concentrationsproidedin Table4-9. The overall

exposure confidence for acute
4-23) with the inclusion of physicaindchemical parametergpresented within models performed with
VVWM -PSC No RQs overl were identified from TCEP swate water concentrations within the WQP
database or published literatufi@ble4-12).

and

c h redhable

aquat

No acuteRQs were greater than 1 for modeled surfae¢er TCEP at 2,500 Ib/year production volume
via both EFAST and VVMW-PSC modeling.

ChronicRQs werenotgreater than 1 and days of exceedance were less than liédsy$ace water
TCEPmodeled via VVWMPSC at the 2,500 Ib/year production volumeZof the5 relevant COUs

(Life cycle stage/ Category/ Swudategory/OES):

1 Manufacturer/ Import/ ImporiRepackaging
1 Processing/ Incorporated into formulation, mixture, or reaction product/ Paint and coating
manufacturing/ Incorporation inteints and coatigsi 1-partcoatingsand 2part reactive

coatings

= =

resin articé

The VVWM-PSC model identified substantial deposition of TCEP to the benthic compartwignh
comprisesediment antbenthicpore waterPhysical and chemical properties includimg not limited

to Koc, benthic haHlife, and hydrolysialf-life within the VVWM-PSC modelaligns with the
partitioning to organic carbon in sediméAppendixE.2.3.9 and persistence (Appendi2.3.).
These parameters resulted in modeled data indicating TCEP concentrations residing within pore water
and sediment over longer durations of tifdays of exceedance) when compared to results from surface
water concentrations for the chronic COC (55.9 ppb). For pore water, chronic RQs weretlygeater

equal to 1 with over 14 days of exceedancealfidiive relevantCOUs {Table4-20). Days of exceedance

weregreater in pore watell @ble4-10) thansurfacewater Table4-9), indicating that TCEP will be a
more persistent hazatd benthic dwelling organisms with increased durations of exposureslé¥ant
COCs and relevant flow data for VVWARASC results for modeled pore water concentrations are

Commercialuse/ Paints and coatings/ Paints and coatings/ Use in paints and coatings at job sites
Processing/Incorporated into article/ Aerospace equipment and products/ Processipgarhto 2

available inTable4-10. There are no poreater TCEP concentrations reported in the WQP database or

published literature.

No acuteRQs were greater than or equal to 1 for modeled pore water TCEP at 2,500 Ib/year production

volume va VVMW-PSC modeling.

ChronicRQs were greater than one with over 14 days of exceedance for pore water TCEP modeled via
VVWM -PSC at the 2,500 Ib/year production volume fofiedl relevant COUs (Life cycle stage/
Categorykub-category/ occupational exposure scenario):

1 Manufacturerimport/ import/repackaging
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1 Processingihcorporated into formulation, mixture, or reaction product/ paint and coating

manufacturing/ incorporation into paints and coatihdspart coatings and-gart reactive

coatings

Commercialuse/ paints and coatings/ pta and coatings/ use in paints and coatings at job sites

processing/ incorporated into article/ aerospace equipment and products/ processHpguinto 2

resin article

1 Commercialuse/laboratory chemical@boratory chemicaldab chemical use of laboratry
chemicals

= =4

For sediment, chroniBQs were greater thahand greater than 14 days of exceedance within five

COUs {Table4-20). As previously stated:oncern for thesRQs within sediment and pore water is the
lasting effects on benthic biota and potential commduieigl impacts from chronic TCEP exposure
within this aquatic compartment. Many benthic invertebrates are detritivores, meaning thay deed o
plant and animal material or contribute to the liberation of additional nutrient resources by further
breaking down these materials. These detritivorous benthic invertebrates often serve as an important
food source for many juvenile fishery and rgaime resident specid$o RQs overl were identified

from TCEP sediment concentrations within published literaflablé4-14).

No acuteRQs were greater than egual to 1 for modeled sediment TCEP at 2,500 Ib/year production
volume via VVMWPSC modeling.

ChronicRQs were greater than one with over 14 days of exceedance for sediment TCEP modeled via
VVWM -PSC at the 2,500 Ib/year production volume fofied relevant COUs (Life cycle stage/
Category/ Sulrtategory/Occupational exposuszenario):

1 Manufacturerimport/ import/ repackaging

1 Processingihcorporated into formulation, mixture, or reaction product/ paint and coating

manufacturing/ incorporation into paints and coatihdspart coatings and-gart reactive

coatings

Commercialuse/ paints and coatings/ paiand coatings/ use in paints and coatings at job sites

Processingihcorporated into article/ aerospace equipment and products/ processingarto 2

resin article

1 Commercialuse/laboratory chemicaldaboratory chemicaldab chemical use of laboratry
chemicals

E
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3728 Table 4-20. Exposure ScenariogProduction Volume of 2,500 Ib TCEP/ga) and CorrespondingEnvironmental Risk for Aquatic Receptors
3729 with TCEP in Surface Water, Sediment, and Pore Water

CoU Aquatic Receptors
. Surface Water Sediment Pore Water
Occupational : : - - - -
Exposure Confin Confin Confin Confin Confin Confin
Life Cycle Scenarid Acute | Acute |Chronic ¢ | Chronic |Acute| Acute |Chronic ¢| Chronic | Acute | Acute |Chronic | Chronic
Stage/Categon| SUP-category R | RO | RO |P°P| Ro [RQ!| RO | RQ' |P°F| RO R | RO | RO |P°F| RO
Inputs® Inputs® Inputs® Inputs® Inputs® Inputs®
Manufacture/ |Import Repackaging 0.03 |Moderate 12.2 5 |Moderatq 0.01 [Moderatg 14.3 | 119 | Moderate|1.88 03/ Moderatg 2.5 49 |Moderate
import
Processing/ Paint and Incorporation 0.12 |Moderat§ 26.5 4 |Moderatg 0.02 |Moderatg 31.3 | 145 | Moderate|4.06 03[Moderatf 5.4 82 |Moderate
incorporated |coating into paints and
into formulation|manufacturin{coatings’ 1-part
mixture, or coatings
reaction produc
Processing/ Paint and Incorporation 0.10 |Moderat¢ 12.0 3 |Moderatg 0.01 |Moderatg 14.3 | 118 | Moderate|1.8H 03[Moderatq 2.5 48 |Moderate
incorporated |coating into paints and
into formulation|manufacturin¢coatings 2-part|
mixture, or reactive coating
reaction produc
Processing/ Polymers Formulation of | 0.11 |Moderatq 14.1 3 |Moderatg 0.01 |Moderatg 16.7 | 124 | Moderate|2.1H 03[Moderatf 2.9 55 |Moderate
incorporated |used in TCEP into 2
into formulation|aerospace |part reactive
mixture, or equipment  |resins
reactionproduct|and products
Commercial Paints and |Use inpaints 0.07 |Moderat§ 14.4 3 |Moderatg 0.01 |Moderatg 17.0 | 125 | Moderate|2.26 03[Moderatf 3.0 56 |Moderate
use/paintand |coatings andcoatingsat
coatings job sites
Commercial Laboratory |Lab chemical |1.1E1 @|Moderate 1.74 | 179 |Moderatq 0.01 (Moderatq 6.8 209 | Moderate|7.8E1 04|Moderatq 1.1 84 |Moderate
use/laboratory |chemicals |use of laborator
chemicals chemicals

Modeled TCEP concentrations and RQ values for all relevant exposure scenarios are avaigdi=if, Table4-10, andTable4-11.
@ Production volume of 2,500 Ib TCEP/yr uses hégiu estimate@5th percentile for all COUs except the laboratory chemicals COU uses the 1st percentile)
b Risk assessed to aquatic receptoased on TCEP releases from wastewater, WQP database, and published.literature
° All exposure values and Days of Exceedance (DoE) modeled using \WP&@®/
4 Acute Risk Quotient derived usingGoncentration of Concern of 85,000 ppb

© Conf = Confidence Confidence in Acute Risk Quotient or Chronic Risk Quotient inputs is defail®dction4.3.7.2
 Chronic Risk Quotient derived usingPaimaryConcentration of Concern of 55.9 ppb
9Days of Exceedance (DoE) modeled using VVVASC
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3730 Table 4-21. Exposure ScenariogProduction Volume of 2,500 IbTCEP/yea) and CorrespondingEnvironmental Risk for Terrestrial
3731 Receptorswith TCEP in Soil (Invertebrates) and Trophic Transfer

Ccou Terrestrial Receptors®
Occupational I Mettlarorc:j- ! Soil (invertebratesy | Trophic Transfer (soil)® Trop?vl\;:a;l;erggsfer
i Exposure Scenarid | logical Mode
i Eyele SRR eaEgam) SUPGETERET : : RO Conf.in | Short-Tailed | Conf.in RQ | American | Conf.in
RQ Inputs’| ShrewRQ Inputsf Mink RQ | RQ Inputs’
‘ & Kagi MetCT 2.48 06 Mod 1.8H 06 Rob 0.02 Rob
Manufactureimport Import Repackaging MetH 316 09 oderate 53506 obust . obust
Processingihcorporated into Paint and coatin Incorporation into MetCT 5.4H 08 4.0 05
formulation, mixture, or . 9 paints and coatings Moderate Robust 0.08 Robust
. manufacturing : MetHI 9.36 08 6.86 05
reaction product 1-partcoatings
o : Incorporation into MetCT 1.85 08 13805
Processinghcorporated intq Paint and coating  |paints and coatings
formulation, mixture, or . i ; Moderate Robust 0.07 Robust
reaction product manufacturing 2 pa_rt reactive MetHI 3.9 08 2.9E 05
coatings
Processinghcorporated intgPolymers used in Formulation of TCEP MetCT 2.08 08 4.76 05
formglatlon, mixture, or aerospace equmenlntq 2-part reactive Methl 195 08 Moderate 16505 Robust 0.08 Robust
reaction product and products resins
Processingihcorporatednto |Aerospace equipmer|Processing into-part MetCT 6.45 08 Moderate 1.58 05 Robust NA Robust
article and products resin article MetHI 6.36 08 3.16 05
- . L MetCT 6.56 06 0.005
CommercialUse/paintsand . . Use inpaintsand
coatings Paints and coatings coatingsatjob sites Methl 916 06 Moderate 0.007 Robust 0.04 Robust
. . MetCT 7.98 08 5.88 05
CommercialUse/laboratory ._/Lab chemical use of
chemicals Laboratory chemicalg laboratory chemicals Metrl ~ 6508 Moderate 56005 Robust 7.0E1 04 Robust
2 Production volume of 2,500 |b TCERg uses higkend estimate5th percentile for all COUs except the laboratdmgmicals COU uses the 1st percentile)
b The ambient air modeled concentrations and deposition values are presented for two meteorology conditions (MetCT: SSoushEallsota, for central tendency
meteorology; and MetHI: Lake Charleqyuisianafor higherend meteorology)
¢ Risk assessed to terrestrial receptors based on Tél&ses as fugitive air and stack air deposition to soil, trophic transfer, and published literature
d Estimated concentrations of TCEP (9ptrcentile) that could be in soil via air deposition at a community (1,000 m from the source) exposure scenario
€ Fish concentration (mg/kg) was calculatesing surface water concentrations of TCEP from VVWBICassuming a BCF of 0.34 as reported for whole body values fro
mg/L TCEP exposures under laboratory conditighsikwe et al., 2018
f Conf = ConfidenceConfidence in Risk Quotient (RQ) inputs are detaite8ection4.3.7.2
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RQs were less thahfor all relevantCOUsfor air deposition to soil at,d00m (Table4-21). The

highest soil concentration from AERMOD predictions i08®mg/kg based on TCEP useRaints and
coatings at job sites at 1,060with the 2500 Ib/year production volume and higfeerd meteorology
condition. There are no published literature or monitoring databases with TCEP soil concentrations from
U.S. sites and one comparative study fl@armany(Mihajlovic and Fries, 2012 RQs forsoll
invertebratesvere less than 1 witboil TCEP concentrations as reported for differamgle periods

from Mihajlovic and Fries (2012Table4-16). This study should be considered to represent TCEP
concentrations in soil from an ambient urban environment and is eatlgicomparable to scenarios
detailed within the current risk evaluationi h aj | o v i | emphasized the impdttandelof
atmospheric deposition ahlorinated organophosphate estarask assessments, which the current risk
evaluation has taken into consideration for environmental risk characterization.

Trophic transfer of TCEP and potential risk to terrestrial animakbased on modeled soil data from
AERMOD andconcentrations reported withiihajlovic and Fries (2012)A screening levehpproach
wasconducted as describedE®Ad Suidance for Developing Ecolaml Soil Screening Leve(s).S.
EPA, 2005 The two analyses performed represengitrophic transfer for animals from exposures
originating with TCEP soil concentrationsd terrestrial prey item3 @ble4-18), and(2) trophic

transfer based for animals from exposures with TCEP water concentrations and aquatic prey items
(Table4-19). Table4-21 demonstrates th&Qs werelessthan 1for any modeled soil concentrations
and COUs based on the chronic hazard threshold for terrestrial invertebrate idenéifppeémdix G

The chronic TRV, calculated using empirical toxicity data with mice and ratsjetsonstrate®RQs
less than for all modeled soil concentration§gble4-21). In addition,RQs were less thanfbr all
speciegepresented withitrophic leves using TCEP soil concentrations reported withiinajlovic and
Fries (2012)Table4-18). Forsemtaquatic animalsRQs were also less tharfdr semiaquatic
terrestrialmammalsvia trophic transfer from fish and the highest modeled TCEP surfaee wa
concentrationsTable4-19). The results of these screening level trophic transfer analgsexborate
previous risk assessments indicating TCEP is not a bioaccumulative confpo8n&PA, 2015¢EC,
2009 ECB, 2009.

In the current environmental risk characterization for aquatic and terrestrial orgalBRfsonsidered
aggregating exposure that a population would egpee from multiple facilities in proximity releasing
TCEP to the environment. However, EB not aggregatacross facilities for environmental
exposure®r risk because location information was not available for facilities releasing TCEP to the
envirorment. Environmental media concentrations from monitoring (@atanot associated with a
specific exposure scenario or COU) were not aggregatedmaitieledenvironmental media
concentrations associated with a specific exposure scenario orTHP. from monitored surface

water data reported within the WQP indicated a mean of0(B82 ppb (Sectiod.3.9. Table4-12
demonstrates that this mean surface water concentration for TCEP resulted in acute and chronic RQ
values of 3.8x10¢ and 5.9x10 respectively. Similar database monitoring information were not
available for sediment TCEP concentratidmswever, the model used to predict surface water,
sediment, and porewater TCEP concentrations was inclusive of algstichemical properties.€.,

Kow, Koc, water column halfife, photolysis haHlife, hydrolysis halflife, and benthic halfife) known

to contribute to TCEPOG6s persistence within thes

EPA also considered aggregating across pathways of expiaswaquatic and terrestrial organisms, but
did not, becauseeleases of TCEP to surface water and sediment were found to significantly contribute
to these media when compared to deposition to water and/or sediment see&edtion4.3.5.)).

Similarly, the most significant pathway for exposure to terrestrial receptors is viatsicth was

modeled from air depositioséeSectiond.3.5.9. For aquatic organisms, surface water and sediment
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pathways involve primary exposure routes such as epithelial uptake (skin, gills) and oral uptake.
Aggregation of exposures via both surfacger and dietary exposure was not conducted for aquatic
organisms because TCEP is not expected to bioaccumulate expect at very high concehtrttarid

result in risk directly from surface watexeeAppendixE.2.6. The screening level trophic transfer
analysis performed included TCEP within prey in addition to soil ingestion for terrestrial receptors and
water ingestion for seraquatic mammalséeSection4.3.1.].

4.3.6.2 COUswithout Quantified Release Estimates
Table4-7 represents the COUs for whignantitativerisk characterization could be performed for
aguatic and terrestrial receptors. The following section represents a qualitative discussion of those
remaining COUs and subsequent OESs lacunntitative riskestimates

Recyclingand Distribution and Commerce
EPA did not have sufficient data to estimate releases to the environment for the following COUs:

1 Processing recycling
9 Distribution incommerce

EPA was not able to quantify releases of TCEP to the environment during the recychngsiéek

waste regcling activities include receivingwaste at the facility, dismantling or shredding theaste,

and sorting the recycled articles and generated scrap mafeiialSH, 2018 Yang et al., 201,35]6din

et al., 200). There are 1,455 recycling facilities in thaitéd States(U.S. BLS, 2016U.S. Census

Bureau, 201pindicated via NAICS code 5629201 Mat eri al s Recovery Facil
subset of electronic waste facilities is expected to handle J@@BERining products. The exact number

of these facilities is unknowaind data were not available on the volume or source of TCEP contained in
electronics processed at any of the facilities identified.

TCEPR-containing materialfrom the recycling processetypically treated or disposed following the
initial processing ash not reprocessed or reud@thng et al., 2013 EPA did not findreasonably
availabledata to quantifienvironmentateleases of TCEP fromeaste facilitiesThe total releases are
expected to be low sindeCEP is not typically used in electronics but is predominantly found in

polyurethane foaniStapleton et al., 20)1TheNIOSH6 s Heal t h Hazard Evaluat:i
metals and flame retardants at an electregugclingcompany categorized TCEPiad ess commo n |

used in electronics now and in the pasto with
detectatd 0 t o 3ba3ed ongfulkhift personal air sampling for 19 participants cedays(Grimes

et al., 2019Y. A fraction of the productarerecycled and recycling will likely be dispersed owany e

waste sitesThis qualitative analysimdicates that releases of TCEP to the environment are potentially
present from the recycling ofwaste. Howeversince TCEP releases are expected to be lower relative
to other quantified scenarios, the rdoyg COU would be expected to have lower risk than the
guantified scenarios described within SectoB.6.1

Production volume data for TCEP is beloaporting levels so the precise production volume is
unknownin orderto fully assess TCEP exposure fraistribution incommerce. Generally, TCEP
production volumes have declined ah decline would logically lead to decreased distribution into
commere. Exposure to the environment during distribution in commerce is still possible from ongoing
manufacturing, processing, industrial, and commercial uses. EPA has assessed some risks related to
distribution in commercee(g.,based on fugitive releases fréoading operations) within other relevant
COUs e.g.,manufacturing/repackaging). However, EPA lacks data to assess all risks to the
environment from environmental releasesl exposureelated to distribution of TCEP in commerce.

Due to limitedreasonaly availabledata for the full set of possible exposures, EPA has not made any
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3829 conclusions regarding risk for this COU separately from the risks already estimated for other relevant
3830 COuUs.

3831

3832 Aerospace Equipment and Products

3833 EPA does not expect significamieases to the environment for the following CORESs

3834 1 Industrial usé other usd aerospace equipment and products

3835 o OES: Installing article (containingj@art resin) for aerospace applicatiodggtronic
3836 potting)

3837 1 Commercial usé other usé aerospacequipment and products

3838 o OES: Installing article (containingj2art resin) for aerospace applications

3839 Specifically, EPA does not expect significant releases to occur during the installation of TCEP

3840 containing aircraft and aerospace articles into or orgodlevant transportation equipment. After

3841 TCEPR-containing resins have cured, EPA expects TCEP release will be limited by the hardened polymer
3842 matri x. Rel eases may occur via the mechanism of
3843 surface duringhe service life of the aircraft or aerospace article, but EPA expects that releases via this
3844 mechanism during installation activities will be negligiglECD, 2009NICNAS, 200). The Agency

3845 was not able to quantify environmental releases from blooming in addition to a lack of information on
3846 the end use and service life of the prod&&A considered risk to the environment fraratallation of

3847 TCEP-containing aircraft and aerospace articles into or onto the relevant transportation equipment. Risk
3848 to the environment from releases of TCEP to the air via blooming from these COUs are expected to have
3849 lower risk compared to quantifietenarios described within Sectir3.6.1

3850

3851 Commercial Use$COUs)That Have Been Phased Out

3852 TheCOuUslisted beloware only linked to end of service life dispoaalmanufacturing and processing is

3853 not ongoing

3854 1 Commercial usé furnishing cleaning, treatment/care produttiabric and textile products
3855 1 Commercial usé furnishing, cleaning, treatment/care produicteam seating and bedding
3856 products

3857 1 Commercial usé construction, paint, electrical, and metal prodiidbsiilding/construction
3858 materials’ insulation;and

3859 1 Commercial usé construction, paint, electrical, and metal prodiidbsiilding/construction
3860 materalsi wood and engineered wood prodlictsood resin composites

3861 EPA has confirmed from literature sources that TCEP was used for these purposedengubest

3862 However, thee commercial usesere phased out beginning in the late 1980s or early 1990s and
3863 replaced by other flame retardants or flare@rdant formulations. EPA did not locate data to estimate
3864 the TCEP throughput used for these products, the amounts of these products thathdyeesched
3865 the end of their service life, or amounts that have already been dispbsefigencyassumethat

3866 products with TCEP that are still in use represents a fraction of the overall amount of TCEP previously
3867 used for these purposes and these tgpesoducts €.g.,insulation and furniture) will result in a final
3868 deposition to landfills for disposalowever,since TCEP releases are expected to be lower relative to
3869 other quantified scenarios, these commercial COUs would be expected to havedowenrithe

3870 quantified scenarios described within SecdoB.6.1

3871
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Processing/Incorporated into Formulation, Mixture, or Reaction Produetocesig/Incorporated

into Article

EPA identifiedthe followingenvironmental releases via waste dispdsalvever the Agencywas

unable tgperform quantitative risk characterizationesfvironmental releases related to waste disposal
for the following COUSs:

1 Processinghcorporatednto formulation, mixture orreaction product/ pairgnd coating
manufacturing

1 Processinghcorporatednto formulation, mixture orreaction product/ pairgnd coating
manufacturing

1 Processinghcorporatednto formulation, mixture or reaction product/ polymerssed in
aerospace equipment and produatd

1 Processinghcorporatednto article/aerospacequipment and products

EPA was able to perform quantitative risk characterizafi@le4-7) on the COUs listed above based

on environmental releases to either fugitive or stack air and/or wastewater to onsite treatment or
discharge to POTW, where applicabla@ble3-2). Waste disposal refers to either landfill or incineration
andrelies on inputs provided by the ESD or GHse proportion of the throughptitat goes to either

landfills or incinerators was not detailed within the ESD or Afhoughdetails pertaining to the fate of
disposal to these waste streams were unknown, a qualitative analysis of the disposal COU is presented
below.

Consumer Uses

Although there is the possibility of environmental releases from consumer articles containing TCEP via
offgassing of consumer articles, down the drain release of TCEP from domestic laundry;dhéfend
disposal and demolitions of consumer articles, EPA waable to quantify the environmental releases

for the following COUs:

1 Consumer use paints and coatings

1 Consumer use furnishing, cleaning, treatment/care prodtictabric and textile products

1 Consumer use furnishing, cleaning, treatment/care producteam seating and bedding
products

1 Consumer use construction, paint, electrical, and metal prodtictsiilding/construction
materials insulation and

1 Consumer use construction, paint, electrical, and metal producdbsilding/construction
materials’ wood and engineered wood prodtlictsood resin composites

EPA was unable to quantify environmental exposures from consumer releases and disposal due to
limited informatbn on source attribution of the consumer COUSs. In previous assessments, EPA has
considered down the drain analysis for consumer products for which a reasonably foreseen direct
discharge exposure scenario can be assuengddrain cleaner, lubricant, o)ISTCEP containing dust

present on consumer clothing may be released to the environment via domestic lramewer due to
uncertainties in the source attribution of consumer COUs to dust, and the subsequent loading of dust on
to clothing, EPA did notuantify environmental exposures for this scenario. Consumer releases to the
environment are anticipated to be less than occupational releases, and wastewater concentrations from
manufacturing, commercial and processing COUs were shown to be significavelythan acute and

chronic COCs identified in Sectigh2
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Disposal

TCEP was among the 10 most frequently found compounds in a study that collected wagstenvater f
multiple sites in the Research Triangle Park area of North Carolina between 2002 at@i2apbo et

al., 2007. The study detected TCEP in 61.9 percent of wastewater samilea maximum

concentration of 0.7 ppl@he maximum concentration from the USGS study (0.7 ppb) is similar to the
maximum surface water TCEP concentration reported within published literature (0.81 ppb) used to
calculate risks (see SectidrB.2 andresulted in RQ valuesf less than one for both acute and chronic
COCs Table4-13). The researcheiadicated that ime retardants were measured primarily at sites
downstream from municipal wastewater discharges and elevated concentrations were due to surface
waters collected at a site downstream from an industrial fire.

Incineration of articles containing TCEP magate localized environmental releasestion et al.
(1996)reported TCEP concentrations of up t85Img/kg in pine needles (Pinus ponderosa) in the

Sierra Nevada foothills in the mitP90s Table4-3). The source of the TCEP is unknown; however,
authors suspected that these levels may have been due to aerial transport and deposition from nearby
point sources such as incinerators.

The denolition and removal ofommercial andonsumer articles may resultenvironmental

exposures to TCEP. Construction waste and old consumer products can be disposed of in municipal
solid waste landfills and construction and demolition landf8ksction3.3.3.7models the resulting
groundwater concentration that may occur from TCEP that leaches from lais#dtson3.3.3.5

highlights suspected leaching of TCEP from nearby landfills (Norman Landfill, Himco Dump and Fort
Devens, MA)(Buszka et al., 20QBarnes et al., 20QHutchins et al., 1984 The Himco Dump is a

closed formerlyunlicensed landfill thiaincluded ad-acre construction debris area. EPA issued a notice
in the Federal Register finalizing the deletion of part of the Himco Dump Superfund site from the
National Priorities List (NPL). The Indiana Department of Environmental Management (IDEM)

for mally concurred with EPAOGEBEPApmmpPEoteeaSite fay martial anu ar
deletionin March 2022Groundwater from one well in Elkhart, Indigmeear the Himco Dump reported
TCEP concentrations of 0.¢fpbto 0.74ppb (Buszka et al., 2009Fort Devens is alsaneEPA

superfund sitea former army installation established in 1917 and closed in M&ttoring wells
downgradient of a land application facility near Fort Devens, Massachuseitated TCEP
concentrations from 0.28obto 0.81ppb(Hutchins et al., 1984TCEP was detected throughout the
entire length of a leachate plume near a municipal landfill (subtitle D) near Norman, Oklgwmmeas

et al., 200). TCEP concentration detected within the groundwater plume dpadient of the Landfill

in Norman, Oklahomaanged from 0.2 ppbto 0.74ppb(Barnes et al., 20Q4Leachate samplesdm

landfill sites in Japan detected TCEP at ranges from 4.1 to 5430 mg/mL with authors indicating that
plastic wastes may serve as the or{ginsuhara, 1995

Without a full characterization of ndmazardous landfill€.g.,Norman Landfill) conditions and

historical wastesg(g.,Himco Dump and Brt Devens) around the country, the data neededdduce
guantitative risk estimates for disposal is not reasonably available. EPA does not have data representing
municipal and managed landfills and is uncertain how often contaminant migration occurs given modern
practices of nofmazardous landfill anlistorical site managemei8ource attribution of the consumer

uses to the leaching concentration exhibited within Sec88.6and3.3.3.7are not available

thereforeit is unknown if these concentrations are the result of consumer and/or commercial disposal.
Thepossibility of environmentadxposure to TCEP after the release from disposal of consumer wastes
exists.The maximum TCEP concentrations recorded within groundwater at the Nbandfill, Himco

Dump, and Ft. Devens are 0.74 ppb, 0.81 ppb, and 0.74 ppb, respéctiketh are similato the to

the maximum surface water concentrations reported within published literature (0.81 ppb) used to
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calculate risks (see SectidrB.2 resuting in RQ values less than one for both acute and chronic COCs
(Table4-13). TCEP releases from disposal of consumer and commercial articles ecteelio be

lower relative to other quantified scenarios, the disposal COU would be expected to have lower risk than
the quantified scenarios described within Sectich6.1

4.3.7 Overall Confidenceand Remaining UncertaintiesConfidence in Environmental
Risk Characterization

The overall confidence in the risk characterization combines the confidence from the environmental
exposure, hazarthreshold, and trophic transfer sectiofisis approachalignswith the 2021 Draft
Systematic Review Protoc@l.S. EPA, 202)andSystematic Review Protocol for the Draft Risk
Evaluation for Tris(2chloroethyl) Phosphat€f CEP)(U.S.EPA, 2023i). The confidence from the
trophic transfer sectiowascompleted in the same manner as the confidence in hazard threshold
presented itsectiond.2.6andAppendixF.2.3.1 For trophic transfefEPA considers the evidence for
chronic mammalianobug, the evidence for invertebratemderateand the evidence for chronic avian
slight (Table4-22). Synthesis of confidence for exposure, hazard, and trophic transfer (when applicable)
resulted irthe following confidenceeterminatios for risk characterization RQ input&) robust for
chronic mammalian evidenc®) moderate for acute and chronic aquatic evidence(@rslight for
secondanacute angecondarehronic aquatiassessmentsith additional assessment factarsd
chronic avian evidend@ able4-23).

4.3.7.1 Trophic Transfer Confidence
Quiality of the Database; and Strengtlffect Magnitude and Precision
Several conservative assumptions were applied across diffepeasentate organisms within trophic
groups to represeatscreening level approach. For example, modeled TCEP concentrations within
water (VVWM-PSC) and soil (via AERMOD) were applied to all COUEEP concentrationsbtained
from these models were specific to each COU and production volume sceBraimsnation of
potential risk from TCEP using this hazard value should be viewed as a conservative approach
employed using both AERMOD modeled data and soil concentrations within published literature
(Mihajlovic and Fries, 2012

Trophic transfer analysis utilizedimerican woodcock andmericankestrelwithin the soil-based
pathwayto determine potential risk fromCEP. The hazard valuerfthe raptor species limited toa
single studyobservingncreased thyroid hormone production with no effects on body weidbbdr
consumptiorfrom a 2%day feeding stug(Fernie et al., 200)5No representative hazard data were
available for the woodcock as amianinsectivore RQ values were not calculated for theodcock
which served as prey item to the kestraglepresenting uptake and transfer from a soil invertebrate to
insectivore to carnivore.

Shorttailed sirew andAmericanmink were employed agpresentative species using a mammalian
TRV adjustedo their respective body weightslammalian hazard values for trophic transfer utilized
ecologically relevant endpoints from higjoality studies originating from human health animal model
investigations. The resulting TR &ble4-5) derived from mammal studies was used to calculate the
hazard threshold in mg/Kgw. Because the TRV iscaledby body weight smaller representative
species will have greater body burden from TCEP expdblarelarger species.

For soil invertebrates, two higluality soil invertebrate studies were available. Troptaiosfer analysis
used an ecologically relevant ChV from a nematode with endpoints related to reduced growth and
shortened lifespan. Thearthworm hazard value was also demonstrated in this analyis@igh the
earthworm did not have an ecologically relevant endpoint effect. The earthworm is still useful for
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4012 assessing trophic transfer hazards because of its direct ingestion ©headrthworm alsservesas a
4013 relevant prey item foall trophic levelsi(e., shorttailedshrew, woodcock, and American kestrel).

4014

4015 Consistency

4016 Inputs for soil and water TCEP concentratidisplayedsimilarities among modeled and monitored

4017 concentrationsThe highest soil concentrations modeled via AERMOBble4-15) were withinone

4018 order ofmagitudeto thehighest soil concentrations reported within published literdiable4-16)

4019 (Mihajlovic and Fries, 2002 Concentrations of TCEP in whole fish reported within published literature
4020 (Guo et al., 201 )representoncentrationswo to threeorders of magnitude lower than calculafisth

4021 TCEP concentrationNseeSection4.1.2. Any comparison to measured values reported within published
4022 literature should be viewed conservatively as organisms withtgireximity to source of TCEP release
4023 and resulting surface water concentrations as calculated using VW8

4024

4025 Biological Relevance

4026 The use of hazard valudsrived from singular studidsr Americankestrel, earthworprand nematode
4027 are limiting in biological relevancéowever, the application of conservative assumptions at each
4028 trophic level ensures a cautious approach to determining potentidtaiséxample, if the results of the
4029 trophic transfer show that expostdirem TCEP is lower than the hazard threshold for thyroid effects,
4030 than a qualitative assertion can be made that the exposure levels from TCEP do not indicate risk. For
4031 avian species, only a single highbality level study was available for the Ameridastrelwith no

4032 hazard value for the avian insectivore within this analyi$is. shorttailed shrew anédmericanmink

4033 were selected as appropriate representative mammals for thensbdquatidased trophic transfer

4034 analysis, respectivelf.S. EPA, 1993p Overall, the use ofxgosure factors.g.,feed intake rate,

4035 water intake rate, the proportion of soil within the digijn a consistertesourceassisted in addressing
4036 species specific differences within the RQ equatidis. EPA, 1993p

4037

4038 Physicaland ChemicalRelevance

4039 The highest modeled TCEP concentrations for water and soil were used to investigate potential risk
4040 from trophic transferAssumptions within the trophic transfer equatiiation4-3) for this analysis

4041 have been considered to represent conservative screening(tafbieEPA, 2005sand those

4042 assumptions were applied similarly for each trophic level and representative sppplesations across
4043 representative species included assumingpEdGenfT CEPbioavailabilityfrom both the soilAFs) and
4044  biota representing preyAF;). It is likely these consideratism v er r epr esent TCEPOSs
4045 among trophic leve]showeverit is a precaution built into the screening level apprqach. EPA,

4046 20053.

4047

4048 EnvironmentalRelevance

4049 Although several aspects of the RQ equation were conservative and represented various species, there
4050 are still uncertainties associated with overall relevance of this model to fit all wildlife scenarios for
4051 potential TCEP riskThe current trophic transfanalysis investigated potential risk resulting from

4052 TCEP exposuren media such asoil andwater. This analysis was extended to represent uptake from
4053 those media to soil invertebrates and fishes as a basis of trophic transfer from these prey tdether hig
4054 trophic levelsAnalysis included TCEP sadloncentrationfrom published literaturbut ultimately

4055 relied on modeled TCEP water concentrations as the monitored TCEP values from W@&etoe

4056 five orders of magnitude less than modeled concentrafidresarea use fact@® thehome range size

4057 relative to the contaminated ar@g&., ste/home range = AUF with the AUF within this screening level
4058 analysisdesignated as 1 for all organigm&pplication of this value in the RQ equation increases the
4059 corservative approach to trophic transfer analysis for larger animals such as mammals and birds
4060 assumingadngerresidence within an exposed area or a large exposure area.
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4061 Table 4-22. TCEP Evidence Table Summarizing Overall Confidence Derived for Trophic Transfer

Types of Evidence Quality of the Consistency Streng_th_ and | Biological Gradient/ Relevancé Trophlc_Transfer
Database Precision DoseResponse Confidence
Aquatic
Acute Aquatic Assessment N/A N/A N/A N/A N/A N/A
Chronic Aquatic Assessment N/A N/A N/A N/A N/A N/A
Aquatic plants (vascular and algae N/A N/A N/A N/A N/A N/A
Terrestrial
Chronic Avian Assessment + ++ + N/A + Slight
Chronic Mammalian Assessment +++ ++ ++ N/A ++ Moderate
Terrestrial invertebrates ++ ++ ++ N/A ++ Moderate
@ Relevance includes biological, physical/chemical, and environmental relevance
+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The sugiglttirighe scientific evidence
outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effecizandiestmate.
+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The stipptfitreyidence weighed against
the uncertainties is reasonably adequate to characterize hazard estimates.
+ Slight confidence is assigned when Weight of the scientific evidengaay not be adequate to characterize the scenario, and when the assessor is
making the best scientific assessment possible in the absence of complete information. There are additional uncemadytiesdtido be considered.

4062
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4063 4.3.7.2 Risk Characterization Confidence

4064 Environmentalisk characterization evaluated confidence from environmental exposures and

4065 environmental hazardklazardconfidencewvasrepresentetdy evidence type as reported previously in
4066 Secton 4.2.6 Trophic transfer confidence waspresentetly evidence type as reported in the preceding
4067 Section4.3.7.1 Exposure confidence has been synthesized from Setfidh land is further detailed

4068 in the current sectiohe following confidenceleterminationsor risk characterization RQ inpusse

4069 (1) robust for chronic mammalian eviden¢2) moderate for acute and chronic aquatic evidence, and
4070 (3) slight forsecondaraaute andsecondaryhronic aquati@assessmentnd chronic avian evidence

4071 (Table4-23).

4072

4073 Surface wateconcentration of TCEP were modeled initiallyngsEFAST and further refined using

4074 VVWM -PSC .Refined modeling with VVWMPSC allowed estimates of TCEP pore water and sediment
4075 concentrations in addition to providing modeled days of exceedance for each compéa&itroeriainty

4076 associated with locatiespecific model inputs €.g, flow parameters and meteorological data) is present
4077 as no facility locations were identified for TCEP releases.

4078

4079 The modeled data represent estimated concentrationkypatheticafacilities that are actively

4080 releasingl CEPto surface water, while the reported measured concentrations represent sampled ambient
4081 water concentrations @fCEP. Differences in magnitude between modeled and measured concentrations
4082 may be due to measured concentrations not being geographicallyporadgnclose to known releasers
4083 of TCEP. VVWM -PSC allowed for the application of a standard, conservative set of parameters and
4084 adjust for physicathemical properties of TCEP. For example, stream reach wasrsptésent a

4085 waterway with a width 08 m and depth o2 m.

4086

4087 Physicalandchemical propertiemcluding but not limited taKoc, benthic haHlife and hydrolysis haif

4088 life appear to accurately repres@nC E Fpérsistencehowever sensitivity analysis indicated thabK

4089 input parameters heavilgfluenced the role of sediment deposition to sediment. As a resultyds

4090 represented as both the mean (2.82) andtthpescentile of the mean (2.13)sdetailed within Section

4091 4.3.1 Maruya et al. (2016%epresents an ambient environmental monitoring study within the published
4092 literature that made both surface water and sediment collections at the same sites and similar time
4093 periods within a watershed. Surface water collected in August and October 204danent samples

4094 collected in September 2013 were taken at 6 sites downstream of urban areas along the Santa Clara
4095 River in Southern California. TCEP sediment concentrations were consistently one order of magnitude
4096 higher than TCEP surface water concatidns across all sample sites. Specifically, me&sE) TCEP

4097 concentrations for surface water and sediment weret)0324 ppband 2.59 0.75 ppb, respectively.

4098 Although a single studyaruya et al. (2016}lustrates how TCEP within the water column of a

4099 flowing system can sorb to sediment to produce elevated concentratien®/QP datand published

4100 literatureonsurfacewater TCEP concentrationstlsreeto four orders of magnitude lower than modeled
4101 surface water concentratior@@onfidence in the exposure coaments of the RQ inputs for benthic

4102 assessment is supported as studies within published literatuneedogthreeorders of magnitude lower
4103 than results obtained from VVMWSC modeling. Confidence in exposure parameters for surface water
4104 have beematedi moder at eo as the results are modeled fr
4105 facility releasing TCEP

4106

4107 Similar to aquatiexposuresor TCEP, environmental exposures to soil invertebrat@snmalsand

4108 avian species relied on modeling air depositmroil via AERMOD with supporting information from
4109 published literature. The AERMOD model included two meteorological conditions (Sioux Fealth, S
4110 Dakotg for central tendency meteorology; and Lake Charlesjdianafor higherend meteorology) in
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addtion to different production volumes (2,500 and 25,08/Qear) to characterize potential amounts of
annual TCEP deposition to soil from air. One hgglality comparative study on TCEP soil

concentrations was identified within the published literature. TCEP fish tissue concentrations within the
Great LakegGuo et al., 201 7aretwo to threeorders of magnitudéwer than the TCERSssue
concentrations calculated using a whole organism BCF value from anotheyuailitly study(Arukwe

et al., 2018 Modeled soil concentrations were witltoneorder of magitude of a single study from
published literaturéVihajlovic and Fries, 2002 however, it is important to note that similarity with a
single study is not enough to build confidence in the relevance or accuracy of modeled results.

Table 4-23. TCEP Evidence Table Summarizing Overall Confidence foEnvironmental
Risk Characterization

: Risk
Types of Evidence Exposure Hazard e Characterization
Transfer
RQ Inputs
Aquatic
Acute aquatic assessment ++ ++ N/A Moderate
Chronic aquatic assessment ++ ++ N/A Moderate
Secondary euteaquatic + + N/A Slight
assessmert AF)
Secondary leronicaquatic -+ + N/A Slight
assessmert AF)
Terrestrial
Chronic avian assessment ++ + + Slight
Chronic mammaliaassessment ++ +++ ++ Robust
Terrestrial invertebrates ++ ++ ++ Moderate
+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The
weight of the scientific evidenautweighs the uncertainties to the point where it is unlikely that the uncertainti
could have a significamffect on the hazard estimate.
+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The su
scientific evidence weighed against the uncertainties is reasonably adequate to characterize hazard estimati
+ Slight confidence is assigned when th&ight of the scientific evidenaaay not be adequate to characterize the
scenario, and when the assessor is making the best scientific assessment possible in the absence of comp
information. There are additiohancertainties that may need to be considered.
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5 HUMAN HEALTH RISK ASSESSMENT

EPA assessed human health risks of T€kposurdo workersand ONUs consumers, and the general
population Section5.1 describegxposures to workers and ONUa inhalation and oral routes;

workers via dermal routes; consumers via inhalation, dermal, and oral routes; and the general population
via oral, dermhk and inhalation routesHuman healtthazardsincluding cancer and necancer endpoint
identification and doseesponseare described in Sectidn2 Humanhealthrisk characterizatiois

described in Sectios.3,

Pagel550f 572



4131

4132
4133

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

5.1 Human Exposures

TCEP 1 Human Exposures(Section 5.1):
Key Points

EPA evaluated all reasonably available informatmmnadiccupational, consumer, and general

populationexposure to TCERncluding consideration of the potential for increased susceptibility

across PESSonsideration(see als®ection5.3.3andAppendix D. The following bullets
summarize the key points of this section of the draft risk evaluation:

1 Workers and ONUs can be exposed to TCEP via inhalation by dust or vapor

o Howeverlarge amountsf dust are not expected to be generated based on the types
activities that occur during the processing or use of T€&Raining products or articles

0 Workers can also be exposed to mists generated during the spray application of TC
containing paint products, but ONUs are not expected to be presenttthisinge

o Workers will be exposed to TCEP via dermal exposure when processing liquid TCH
however, once TCEP has been incorporated into an article the ability for appreciabl
amourts of TCEP to be absorbed through the skin will decrease signifieathere is
little need for further processing of an article during installation.

ChronicTCEPexposuregrom consumer articles to infants and children are the most relev
duratonad popul ations of interest. Chil drer
estimating exposure to TCEP in consumer products.

o For consumer exposures, the inhalation rolat@inates exposure for building and
construction materials such as roofingutation, acoustic ceilings, and wood flooring.
Exposures to infants and children for fabric and textiles, foam seating and bedding
products, and wooden TV stands is dominated by the oral route.

o Inhalation exposures are highest for building and construgtioducts due to emission
of vapors from consumer articles.

o Dermal exposures are highest for wood resin products to children.

o Ingestion exposures are highest for foam seating and bedding products for children
Fishingestion is the most important expos scenario fof CEPexposure to thgeneral
population. BAF and fish ingestion rate are sensitive parameters that influence these exj
estimatesTribal populations for whom fish is important dietarily and culturally may have ¢
higher exposure tmathe general population and subsistence fishers.
Fenceline communities mdaveelevated exposure from facilities that release TCEP. No §
specific information was available for TCE$b EPAvaried several inputs to show a range @
possible exposuresdim a hypothetical facility
EPA identified several PESS groups: Infant expe$o TCEP via human milk was estimated
by considering a maternal dose due to occupational, consumer, and general population
exposureskirefighters were identified as a PESS grdlirough occupational exposure
(Section5.3.3. Children and infantsvere dentifiedasPESSthroughconsumeexposure.
Subsistencdishers, children, infants, and fenceline communitvese dentifiedasPESS
through general population exposures.
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4134 5.1.1 Occupational Exposures

TCEP i Occupational ExposuregSection5.1.1):
Key Points

EPA evaluatedhereasonably available information for occupational exposiies key points of
the occupational exposure assessmensuarenarized below

1 Occupational exposure data available for TCEP:

o EPA only identified monitoring data for dust occurring withinedectronic waste
recycling facility, monitoring datdor the remaining COUs/OESgas not found, most
likely because TCEP does not have an assigned OSHA PEL and is therefore not ty
tested foiin theworkplace

o For OESsthat do not have data, EPA dselevanigeneric scenariand/oremission
scenario documents identify worker activitiesnd exposure routélsat are reasonably
expected to occuExposure distributions were then created uslogte Carlo
simulation with 100,000 iterations and thetihaHypercube sampling method

1 TheOES useof paintsandcoatings’ spray applicationhad the highest occupational
exposurdor inhalation and dermalxposurethis is due to mist being generated during
applicationas well as a higher dermal loading value

o Inhalationexposure for usef paintsandcoatingsi spray applicatiomanges fron5.500
mg/m? (95th percentile 8-hr TWA, resinbased paints) to 1x10  mg/n? (50th
percentile 8-hr TWA, waterbasedpaints) EPA identified nist generatiorasthe main
driver of exposuréutis not expected to occur during other COUs/OESs.

o Dermalacute retained dose (mghday)ranges fron8.02(95th percentile)}o 1.48(50th
percentilg.

4135

4136 The foll owing subsections briefly describe EPABG
4137 results for each condition of use assessed. For additional details on development of approaches and
4138 results refer to thBraft Risk Evaluation foffris(2-chloroethyl)Phosphatd TCEP)i Supplemental

4139 InformationFile: Supplemental Information on Environmental Release and Occupational Exposure

4140 Assessmerft).S. EPA, 2023l As discussed in Sectiahi 1.1, EPA has mapped the industrial and

4141 commercial COUs to OESs irable3-1.

4142 5.1.1.1 Approach and Methodology

4143 As described in thEinal Scope of the Risk Evaluation foris(2-chloroethyl)Phosphaté TCEP)
4144 CASRN 1186-8 (U.S. EPA, 2020) for eachCOU, EPAdistinguishes exposurésr workers and
4145 ONUs. Normally, a primary difference between workers and ONUs is that workers may Ti@idRe
4146 and have direct contact with the chemical, while ONUs are working in the general \ofiwtykers
4147 but do not handl@ CEPand do not have direct contact wvithWhere possible, faachCOU, EPA
4148 identified job types and categories for workers and ONUSs.

4149

4150 As discusseth Section3.1.1 EPA established OESs to assess the exposure scanar®specifically
4151 within each COUTable3-1 provides a crosswalk between COUs and OBSgure5-1 provides the
4152 approaches used by EPA to estimatposuresor the OESsincluded inthis draft isk evaluation of
4153 TCEP.EPAdJIid not identify anyrelevant inhalation exposure monitoring detd CEP vapor for angf
4154 the OESs because TCEP does not haveCatupational Safety and Healtot (OSHA) permissible
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4155 exposure limit PEL). Fortwo OESs monitoring data was available for TCEP in dise. quality of tle
4156 monitoring datavasevaluatedising the data quality review evaluation metrics ana#tegorical
4157 ranking criteria described in theraft Systematic RevieRrotocol Supporting SCA Risk Evaluations
4158 for Chemical Substanc€s.S. EPA, 202). Relevant data weigssigned an overall quality
4159 determinatiorof high, medium, lowor uninformative In addition, EPA established an overall
4160 confidence for thelata when integrated into the occupational exposure asses$meAgency
4161 considered the assessment approach, the quality of the data and asodells asincertainties in
4162 assessment results to assagnoveall confidence level ofobust moderate or slight
4163
4164 Where monitoring data evereasonably available, EPA used this data to characterize central tendency
4165 and highend inhalation exposures. Where no inhalation monitoringwdataidentified, but inhalatio
4166 exposure models were reasonably availdbiA estimated central tendency and hagid exposures
4167 using only modeling approaches. If both inhalation monitoring data and exposure models were
4168 reasonably available, where applicable, EPA presented central tendergglaaddexposures using
4169 both. EPAonly identified measured dermal exposestimategor dust generated atveaste facilities
4170 Monitoring dataverenot reasonably availadifor any other COU£PA standardnodels such as the
4171 EPA Mass Balance Inhalation ModeidFractional Absorption Modelereused to estimate higénd
4172 and catral tendencynhalation andlermal exposures for workers in each OES.
4173
4174 For many cases, EPA did not have monitoring data to estimate inhalation exposure for ONUs. In some
4175 cases, this was addressed with the use of exposure mebtels availableHowever mostOESs do not
4176 contain inhalation exposure estimates for ONbgeneral, EPA expects ONU exposures to be less
4177 than worker exposures. Dermal exposure for ONUs was not evaluated because these employees are not
4178 expected to be in direct contact WitCEP.
4179
OES
Occupational
Assessment
Inhalation Dermal # of Workers,
Exposure Exposure ONUs Exposed
I [T | I [ 1 |
Monitoring . . # Workers or Number of
Data Modeling Modeling ONUs per site facilities
, EPA Models, BLS, Census,
NIOSH HHE’s GS/ESD Fab GS/ESD CDR, GS/ESD

4180
4181 Figure 5-1. Approaches Used for Each Component of the Occupational Assessment for Each OES
4182 CDR = Chemical Data ReportinGS = Generic Scenari&SD = Emission Scenario Document; BLS = Bureau
4183 of Labor Statistics; NIOSKHHE) = National Institute of Occupational Safety and Hegltbalth Hazard
4184 Evaluations)Fab = Fractional Absorptioklodel
4185
4186 In Table5-1, EPA provides a summary for each OES by indicating whether monitoringveega
4187 reasonably availabjénow many data points were identified, the quality of the;da@ A6 s over al |
4188 confidence in the datavhether the datavereused to estimate inhalation exposures for workers and
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ONUs and whether EPA used modeling to estimate inhal&xposure to dustapors, or misand
dermal exposures for workers and ONUSs

Table5-2 provides a summary of EPA estimatesthe totalnumberof potentiallyexposed wrkers and
ONUs for each OESI 0 prepare these estimates, EPA first attempted to identify NAICS codes
associated with each OES. For these NAICS codes, EPA then reviewed Standard Occupational
Classification (SOC) codes from the Bureau of Labor StatisticSYBnd classified relevant SOC codes
as workers or ONUs. All other SOC codes were assumed to represent occupations where exposure is
unlikely. EPA also estimated the total numbgfacilities associated with the NAICS codes previously
identified based odata from the U.S. Census Bureau.

EPA then estimated the average number of workers and ONUs potentially expogedgpesite by
dividing the total number of workers and ONUs b
estimates for the maber of facilities using CEP, the Agencywas able to estimate the total number of
workers and ONUSs potentially exposedi@@EPf or each OES. Additional de
and methodology for estimating the number of facilities usi@gPand the number of workers and

ONUs potentially exposed IiCEPcan be found ithe Draft Risk Evaluation for Tris(Zhloroethyl)

Phosphaté TCEP)i SupplementanformationFile: Supplemental Information on Environmental

Release and Occupational Exposure Assessfoeft EPA, 2023l
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Table 5-1. Summary for Each Occupational Exposure ScenariofOES)

Inhalation Exposure

Dermal Exposure

Monitoring

Modeling

Inhalation Exposure

Monitoring

Modeling

Dermal Exposure

Confidenceé Confidenceé
OES Overall Overall
Worker #D_ata ONU #D_ata e Worker | ONU | Worker ONU | Worker Oy Worker | Worker ONU
Points Points | Determ- Determ-
ination ination
Manufacture (import) O |N/A 0 N/A N/A Y O |Moderate |Slight 0 N/A Y, Moderate | N/A
repackaging
Processingj O |N/A @) N/A N/A \Y O |Moderate |Slight 0 N/A Y, Moderate | N/A
incorporation into paints
and coating$ 1-part
coatings
Processingj O |N/A @) N/A N/A \Y O |Moderate |Slight 0 N/A Y, Moderate | N/A
incorporation into paints
and coating$ 2-part
reactive coatings
Processing formulation O |N/A @) N/A N/A \Y O |Moderate |Slight 0 N/A Y, Moderate| N/A
of TCERcontaining
reactive resins (for use i
2-part systems)
Processing processing O |N/A @) N/A N/A \Y O |Moderate |Slight @) N/A Vv Moderate | N/A
into 2-part resin article
Processing recycling e V |55 \% 21 High O O |Moderate |Moderate @) N/A \% Moderate| N/A
waste
Distributioni T _— . . . . . e .
distribution in commerce Distribution activities €.g.,loading) considered throughout life cycle, rather than using a single distribution scenario
Industrial usé \% 1 (Surrogate)) O N/A High @] O |Slight Slight o N/A O] N/A N/A
installation of article
Commercial usé use \% 1 (Surrogate)) O N/A High @] O |Slight Slight O N/A O] N/A N/A
and/or maintenance of
aerospace equipment al
products
Commercial Vv Surrogate o N/A High o O [Moderate |Slight o N/A \% Moderate| N/A
useil use of paints and Spray GS
coatingsi spray
application
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Inhalation Exposure

Dermal Exposure

Inhalation Exposure

Dermal Exposure

Monitoring Modeling Confidence Monitoring Modeling Confidence
OES Overall Overall
Worker i D_ata ONU s D_ata ey Worker | ONU | Worker ONU | Worker Qurellsy Worker | Worker ONU
Points Points | Determ- Determ-
ination ination
Commercial usé lab O |N/A o N/A N/A \% O |Robust |Moderate o N/A \% Moderate| N/A
chemicali use of
laboratory chemicals
commercial uses: O |N/A O N/A N/A O O |N/A N/A O N/A O N/A N/A

furnishing, cleaning,
treatment/care products
fabric and textile
products
9 Foam seating and
bedding products
Construction, paint,
electrical, and metal
products
1 Building/constructior
materialsi insulation
1 Building/constructior
materialsi wood and
engineered wood
productsi wood
resin composites

Disposal

Evaluated as part of each OES as opposed to a standalone OES

Where EPA was not able to estimate ONU inhalation exposure from monitoring data or models, this was assumed equivedentaiotémelency experienced by workers fo
the corresponding OES; dermal exposure for ONUs was not evaluated because thegxgrected to be in direct contact WEREP.
@ Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weaigmtiffdrevidence outweighs the uncertainties {

the point where it is unlikely #i the uncertainties could have a significant effect on the hazard estimate.

Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting sciec¢ifieedgitel against the uncertainties is reasona
adequate to characterize hazard estimates.
Slight confidence is assigned when the weight of the scientific evidence may not be adequate to characterize the daghanidhamssessor is making the best scientific
assessment possible in the absencewiptete information. There are additional uncertainties that may need to be considered.
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5.1.1.2 Summary of Inhalation Exposure Assessment
Table5-2 summarizes theumber of facilities and total number of exposed workarsll OESs

Table 5-2. Summary of Total Number of Workers and ONUs Peentially Exposed to TCEP for

Each OES
Total Exposed Total Total Exposed/ Ste
OES Workers / Exposed (Exposure dgys/yr Num_t_)gr of Notes
Site ON_Us/ High-End i Facilities?
Site Central Tendency)
Manufacture 1 0 1 1 generic site  [424690i Other
(import) i (77 4) Chemical and Allied
repackaging Products Merchant
Wholesalers

Processing 14 5 19 1 generic site  |325510i Paint and
incorporationinto (3871 6) Coating Manufacturing
paintsandcoatings
T 1-partcoatings
Processing 14 5 19 1 generic site  |325510i Paint and
incorporationinto 27 1) Coating Manufacturing
paintsandcoatings
I 2-part reactive
coatings
Processing 27 12 39 1 generic site  |325211i Plastics
formulationof (67 1) Material and Resin
TCER-containing Manufacturing
reactive resingfor
usein 2-part
systemy
Processing 75 64 139 1 generic site |326400i Aerospace
processingnto 2- (25071 72) Product and Parts
part resin article Manufacturing
Processing 2 2 4 Unknown 5629201 Materials
recycling ewaste (25071 250) Recovery Facilities

Distribution distribution in commerce

Distribution activities €.g.,loading) considered throughout life
cycle, rather than using a single distribution scenario

Commercial usé
use of paints and
coatings spray
application

on multiple
throughput
scenariossee
Table3-2

Industrialusei 75 64 139 1 generic site  |326400i Aerospace
installation of (25071 250) Product and Parts
article Manufacturing
Commercialusel 75 64 139 1 generic site |326400i Aerospace
Useand/or (25071 250) Product and Parts
maintenance of Manufacturing
aerospace
equipment and
products

3 0 3 Sites vary base(811121i Automotive

Body, Paint, and
Interior Repair and
Maintenance
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Total Exposed Total Total Exposed/ Site
OES Workers / Exposed (Exposure dgys/yr Num_t_)er of Notes
Site ON.Us/ High-End i Facilities?
Site Central Tendency)
4 0 4 238320i Painting and
(Exposure days base Wall Covering
on 1-, 2-, or 250day Contractors
scenarios)
Commercial Usé 3 3 6 13 sites (&t 541380 T
lab chemical use percentile) laboratories
of laboratory (2207 214) 541713 R
chemicals 6 sites (th development in
percentile) nanotechnology

541714 R
development in
biotechnology (except
nanobiotechnology)
541715 R
development in the
physical, engineering,
and life sciences
(except nanotechnolog
and biotechnology)
621511
Laboratories

M

Commercial Usei
9 Furnishingcleaning,
treatment/care products
o Fabric and textile products
0 Foamseating and bedding
products

9 Building/construction materials

o Insulation

0 Wood resin composites

Manufacturing angrocessing for

t hese

C cebséds

f

N/A

Disposal

‘ Evaluated as part of each OESopposed to a standalone OES

AEPAOGs approach

and

met hodol ogy

f o r Paedghe humbet af wodkers

and ONUs poterdily exposed to TCEcan be foundn the Draft Risk Evaluation foirris(2-chloroethyl) Phosphate
(TCEP)i Supplemental Information File: Supplemental Information on Environmental Release and Occupati
Exposure Assessmeht.S. EPA, 2023l

A summary of inhalation exposure resuiesed on monitoring data and exposure modeling for each
OES is presented for workersTable5-3 andTable5-4, respectivelyONUsare presenteith Table

5-5. These tables provide a summary afgiweighted average (TWA) inhalation exposure estimates as
well asacute exposure concentratiqd€C), average daily concentratio(sDC), lifetime average daily
concentration§LADC), andsubchronic average daily concentrat{®@ADC). The ADC is used to
characterize risks for chronic n@ancer health effects whereas the LADC is used for chronic cancer
health effectsThe SCADC representspeated exposure fapproximately30 daysAdditional details

regarding AC, ADC, LADCandSCADCc al cul ati ons

al

ong with EPAGs

modeling inhalation exposure can be foun®maft Risk Evaluation for Tris(Zhloroethyl)Phosphate
(TCEP)T SupplementdinformationFile: Supplemastal Information on Environmental Release and
Occupational Exposure Assessm@hts. EPA, 2023l
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4231 Table 5-3. Summary of Inhalation Exposure Results for Workers Based on Monitoring Data for Each OES
Inhalation Monitoring (Worker, ppm)

4232
4233

OES TWA AC ADC LADC SADC
. Central : Central - Central - Central . Central

lighEre Tendency # e Tendency lighH=ne Tendency Aligh=ne Tendency -l Tendency
Processing recycling ewaste | 9.686 04 | 1.006 07 | 6.6604 | 6.80H08 | 4516504 | 4.66H08 | 2.31604 | 1.85H 08 | 4.83H 04 | 4.99H 08
Industrialusei installation of | 1.3B05 | 1.3B05 | 8.88106 | 8.8E106 | 6.56106 | 6.55106 | 3.1H06 | 2.4E106 | 6.5EH 06 | 6.58H 06
article
Commercial usé use and/or | 1.3505 | 1.3H05 | 8806 | 8.8106 | 6.5e106 | 6.56106 | 3.1H06 | 2.4E106 | 6.5H 06 | 6.5H 06
maintenance of aerospace
equipment and products

4234 Table 5-4. Summary of Inhalation Exposure Results for Workers Based on Exposure Modeling for Each OES
Inhalation Modeling (Worker, mg/m?3)
OES TWA (8-hr) AC ADC LADC SADC
High-End Central Hiah-End Central High-End Central High-End Central High-End Central
9 Tendency 9 Tendency 9 Tendency 9 Tendency 9 Tendency

Manufacture itnport) 41E102 | 1.1502 | 2.8E102 7.521 03 3.1E103 | 8.9E105 125104 | 3.4E105 | 3.7E103 1.1E71 03
repackaging
Processing incorporationinto| 1.0601 | 1.7E102 | 7.1E102 1.1E1 02 80EI04 | 195104 | 3.26104 | 7.3E105 | 9.2E103 | 2.2E103
paintsandcoatings 1-part
coatings
Processing incorporationinto | 4.0e101 | 96E 02 | 2.7E1 01 6.561 02 79104 | 195104 | 3.0E104 | 7.QEI05 | 9.6E103 | 2.32103
paintsandcoatings 2-part
reactive
Processing formulation of 41E101 | 74802 | 28101 5.18 02 8.4E1 04 18104 | 3.3B104 | 6.9E105 1.0e102 | 2.2E103
TCEPR-containing reactive
resins (for use in-part
systems)
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Inhalation Modeling (Worker, mg/m?3)

OES TWA (8-hr) AC ADC LADC SADC
! Central ! Central : Central 3 Central . Central
AlgHER Tendency Al HEE Tendency el Tendency Al Tendency ABli-Ee Tendency
Processing processingnto 2- | 18E102 | 34E103 | 1.2E102 2.3E103 23E103 | 3.95104 | 9.26104 | 1.56104 | 8.1E103 | 1.6E103

part resin article

DistributionT distribution in
commerce

Distribution activities €.g.,loading) considered throughout life cycle, rather than using a si

ngle distribution scenat

Commercial usé paints &
coatings spray (%part
coatings, iday application)
(OES #7)

1.1E00

1.7E101

7.561 01

1.1E101

2.1E1 03

3.1E1 04

1.1E1 03

1.3E1 04

2.5961 02

3.881 03

Commercialusei paints&
coatings spray(l-part
coatings, 2dayapplicatior

1.1E00

1.781 01

4.1E1 03

6.3E1 04

2.1E1 03

1.37H 04

5.0E1 02

7.7E1 03

Commercialusei paints&
coatings spray(l-part
coatings, 25@ayapplication

1.1E00

1.781 01

7.9-01

1.1E1 01

5.1E-01

7.98 02

2.6e1 01

3.1E1 02

5.5:-01

8.4E1 02

Commercialusei paints&
coatings spray(2-part
coatings, idayapplicatior

5.5E00

8.981 01

3.8E00

5.7E1 01

1.0e1 02

1.661 03

5.38 03

6.3E1 04

1.3E101

1.9E1 02

Commercial usé paints &
coatings spray (2part
coatings, 2ay application)

5.5E00

8. 5E1

3.8E00

Commercial usé paints &
coatings’ spray (2part
coatings250-day application)

5.5E00

8. 5E1

3.8E00

5. 7E1

2.6E00

3. 9E1

1.3EQ00

1. 6E1

2.8E00

Commercialusei lab chemica
T use of laboratory chemicals

9.3E1 04

5.861 04

7.9E1 04

5.1E1 04

4.3E1 04

2.7E104

1.5E1 04

8.8E1 05

4.6E1 04

29E1 04

Disposal

Assessed as part of each OES and not as aalamel OES
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4236 Table 5-5. Summary of Inhalation Exposure Results for ONUs Based on Monitoring Data and Exposure Modeling for Each OES
Inhalation Monitoring (ONU, mg/m?)

4237

OES TWA AC ADC LADC SADC
. Central . Central . Central . Central . Central
AlgHER Tendency Al HEE Tendency el Tendency el Tendency ABl-Ee Tendency
Recycling of ewaste | 1.9504 | 1.06807 | 1.3E104 6.8H 08 | 8.9EI 05 47E108 | 4.5H 05 1.9E1 08 9.5ET1 05 5.0E1 08

Note that for many cases, EPA was not able to estimate inhalation exposure for ONUs, but EPA expects these to berbatatidramiposure for workers.

Pagel66of 572




4238
4239
4240
4241
4242
4243
4244
4245
4246
4247
4248
4249
4250
4251
4252
4253
4254
4255
4256
4257
4258
4259
4260
4261
4262
4263
4264
4265
4266
4267
4268

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

5.1.1.3 Summary of Dermal Exposure Assessment
Table5-6 presents the estimated dermal acute retained dose for workers in various exposure scenarios.
The exposure estimates are proviftadeachOESbased on the maximum possible exposure
concentration (Yerm), Which isthehighest concentratiolevel of TCEP that a worker handles
throughout the procesthe exposure concentration is determined baggdron EPAO6s r evi ew
currently available products and formulations contaiffi@EPor the assumption that neat TCEP is
handled to formulate these products

Theoccupational dermalose estimates assummee exposure event (applied dose)werkdayand that
absorptiorthroughandinto the skinmay occur for up t& hours as representatioéa typical workday

Also, it is assumed thatorkers will thoroughly wash their hands with soap and wattiére end of their

shifts Regarding material remaining in the skin pastshing EPA considers the quantiof material
remaining in the skin as potentially absorbablaccordance witOECD Guidance Document 156

(OECD, 202%. Therefore, overall occupational dermal exposure consists of the amount absorbed during
the 8hour workday plus theamount remaining in the skin after washing the hands at the end of the 8
hour workday.

In order to estimate occupational derragposures to TCEREPArelied on fractional absorption data
from Abdallah et al. (2016)This studyuseda low concentrationd0.005 wt% in acetonedf TCEP for
in vitro dermal absorption testing of a finite dose.(500 ng/cn) over a 24hour period As mentioned
above, the occupational exposure estimates are based on a tyical\Borkday Cumulative
absorption datérom Abdallah et al. (20168how 82.69 ng/chabsorbed after 8 houes exposureand
the fraction remaining ithe skin is 0.068 after 24 howbexposureBecause there were no data tioe
guantity remaining in the skin after 8 hoofsexposureEPA conservatively assumed that tjuantity
in the skin &er 24 hoursof exposuras representative of the amougtmaining in the skin after 8 hours
of exposureEPA used te cumulative absorption data to determineftlaetionabsorbed aftesin 8-hour
exposure periodX165), and therconservativelyadded thdractionremaining in the skin at 24 hours
(0.068. Therdore, the overall fractional absorption from ah®&ur exposure was calculated &xdilute
solution containing CEPasfas = 0.165+ 0.068 =0.233
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4269 Table 5-6. Summary of Dermal Retained Dose for Workers Based on Exposure Modeling f&ach
4270 OES

Non-occluded Worker Dermal Retained Dose

Max TCEP
OES Weight Fraction Dose (mg/day)
(Max Yderm) . Central
AglEne Tendency

Manufacture import)i repackaging |1.0E00 6.54E00 2.1800
Processing incorporationinto paints |1.0E00 6.54E00 2.1800
andcoatingsi 1-partcoatings
Processing incorporationinto paints |1.0E00 6.54E00 2.1800
andcoatingsi 2-part reactive coatings
Processing formulation of TCEP 1.0E00 6.54E00 2.1800
containing reactive resir{for usein 2-
part systemss
Processing processingnto 2-part 4.0E1 01 2.6ZE00 8.73H 01
resin article
Processing recyclinge-waste 1.408 05 4.4€E71 05 1.8E1 05

DistributionT distribution in commercq Distribution activities €.g.,loading) considered throughout life cyc
rather than using a single distribution scenario

Industrialusei installation ofarticle N/A N/A N/A
Commercialusei use and/or N/A N/A N/A

maintenance of aerospace equipmen
and products

Commercialusei use of paints and |0.25 8.02E00 1.4800
coatingsi spray applicatio®ES

Commercialusei lab chemical use of| 1.0 6.54E00 2.1800
laboratory chemicals

Commercialuses: N/A N/A N/A

1 Furnishing, cleaning,
treatment/care products
o Fabric and textile products
0o Foam seating and bedding
products
9 Construction, paint, electrical, af
metal products
0 Building/construction
materialsi insulation
0 Building/construction
materialsi wood and
engineeed wood products
wood resin composites

Disposal Evaluated as part of each OES as opposed to a standalone OES
All dermal exposure scenarios are considered to be to a finitetdesefore no scenario is considered occluded

4271

Pagel68of 572



4272
4273
4274
4275
4276

4277
4278
4279
4280
4281
4282
4283
4284
4285
4286
4287
4288
4289
4290
4291
4292
4293
4294
4295
4296
4297
4298
4299
4300
4301
4302
4303
4304
4305
4306
4307
4308
4309
4310
4311
4312
4313
4314
4315
4316
4317
4318
4319

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

5.1.1.4 Weight of the Scientific Evidence Conclusions fo©ccupational Exposure
Draft Risk Evaluation for Tris(Zhloroethyl)Phosphatd TCEP)i SupplementdihformationFile:
Supplemental Information on Environmental Release and Occupational Exposure Assgssinent
EPA, 2023Jpr ovi des a summary of EPAG6s overall conf i
each of the®OESsassessed.

5.1.1.4.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertaintjor
the Occupational Exposure Assessment

Number of Workers

Severaluncertainties surround the estimated number of workers potentially exposg&RoCurrent

CDR datareported in 2020 do not show production volumes that exceed the threshold of 25,000 pounds
and thereforeinformation wasot availabldo estimate the maber of workers associated with
manufacturingprocessing, or use of TCEP

There are inherent limitations to the use of CDR data as reported by manufacturers and importers of
TCEP.Manufacturers and importers are only required to report if they mantddatuimportednore

than 25,000b of TCEPat a single site during any calendar year; as such, CDR may not capture all sites
and workers associated with any given chenbealuse it is possible for entitiesugeless than the

CDR thresholdTherefore EPA assumes thany ongoingnanufacturingimport, processing, or use of
TCEP occurs using volumes below the CDR threshold.

There are also uncertainties with BLS data, which are used to estimate the number of workers for the
remainingCOUs Fi r s ES empldyrSent d&a for each industry/occupation combination are only
available at the-34-, or 5digit NAICS level, rather than the fulléigit NAICS level. This lack of
granularity could result in an overestimate of the number of exposed workersibshgit NAICS are
included in the less granular BLS estimates but are not likely to@E®for the assessed applications.
EPA addressed this issue by refining the OES estimates using total employment data from the U.S.
C e n sStafisfics of U.S. Busisses §USB. However, this approach assumes that the distribution of
occupation types (SOC codes) in eadtigit NAICS is equal to the distribution of occupation types at
the parent &ligit NAICS level. If the distribution of workers in occupations witBHP exposure differs
from the overall distribution of workers in each NAICS, then this approach will result in inacéuracy
would be unlikely to systematically either overestimate or underestimate the count of exposed workers

Second, E P A 6 aut whichdhdustres (tepresented by NAICS codes) and occupations
(represented by SOC codes) are associated with
understanding of hoWCEPis used in each industry. Designations of which industries arupations

have potential exposures is nevertheless subjective, and some industries/occupations with few exposures
might erroneously be included, or some industries/occupations with exposures might erroneously be
excluded. This would result in inaccuracyt lmwould be unlikely to systematically either overestimate or
underestimate the count of exposed workers.

Analysis of Exposure Monitoring Data

This risk evaluatiomses existing worker exposure monitoring data to assess expo$@ERaluring
someCOUs depending on availability of datfio analyze the exposure data, EPA categorized each data
point as either fAwowuskerr.00 oTh ei otedasedguidesozpaatisiobnmosn  a
wor ker job activity as provided in |iterature a
are expected to have the highest exposure from direct handligedfa r e cat egor i zed ac
samples for employsehat are expected to have the lower exposure and do not directly h@kdte

are categorized-uasgrfioccupati onal non
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Exposures foONUscan vary substantially. Most data sources do not sufficiently describe the proximity

of these employeesto ti€EPe x posur e source. As such, exposur e
user o category wil/| have high variability depen
possible that some empl oyeeserca@atlkragwe ilaztefiaassr ¢ C
the Aworkero category depending on their specif

Some scenaridsave limited exposure monitoring data in literature, if any. Where there are few data
points available, it is unlikely the results will be representative of worker exposure across the industry.
In cases where there was no exposure monitoring data, EPAnoséoring data from simila€OUsas
asurrogate. For examplEPA did not identify inhalation monitoring data for installation of aircraft and
aerospace articles based on the systematic review of literature sources. However, EPA estimated
inhalation expseures for this OES using monitoridgtafor TCEPexposures durinfurniture
manufacturingMakinen et al., 2009 EPA expects that inhalation exposures during furniture
manufacturing occur from handling or contacting T@feRtaining products, which is comparable to
inhalation exposures expected during installatioR®@EP-contaning products for aircraft or aerospa
applicationsWhile theseCOUshave similar worker activities contributing to exposures, it is unknown
that the results will be fully representative of worker exposure across dife@ins

Where sufficient data @re reasonably available, tBBth and 5@h percentile exposure concentrations
were calculated using reasonably available data. Ttep@scentile exposure concentration is intended
to represent a higand exposure level, while thetb(percentile exposerconcentration represeras
typical exposure level. The underlying distribution of the data, and the representativeness of the
reasonably available data, are not known. Where discretevdeg¢aot reasonably available, EPA used
reported statistics.€., 50th and95th percentile). Since EPA coultbt verify these values, there is an
added level of uncertainty.

EPA calculated ADC and LADC values assuming workers and ONUSs are regularly exposed during their
entire working lifetime, which likely results in an overestimate. Individuals may change jobs during

their career such that they are no longer expos@€EP, and actual ADC and LADC valueguld be

lower than the estimates presented.

The following describadditionaluncertainties and simplifying assumptions associated with use of this
modeling approach forCEP.

1 No OSHA PELVery Little Monitoring Data). While EPA has confidence in the models ysed
is possible that they may not account for variability of erambitoringprocesses and practices
at an individual site.

1 No 2020 CDRreporters anddnly One 2016 CDRReporter (withNo DownstreanDetails
Provided) Assumptiors of an ongoing production volume 8500 and25,000lb per siteyear
could overestimate actual amount of TCEP handled at a givethsis®verestimatingctual
exposures and releas&elease and exposure information using the 25,000 |b peresitas
provided in the Engineering Supplemental file.

Modeled Dermal Exposures

TheFractional AbsorptioMModel is used to estimate dermal exposuré@&Pin occupational settings.

The modelhssumes a fixed fractional absorption of the applied dose; however, fractional absorption

may be dependent on skin loading conditions. The model also assumes a single exposure event per day
based on existing framework of the EPA/OPPH&hd Dermal Exposur® Liquids Model and does

not address variability in exposure duration and frequency. Additionally, the studies used to obtain the
underlying values of the quantity remaining on the skig) (i@l not take into consideration the fact that
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liquid retentionon the skin may vary with individuals and techniques of application on and removal
from the hands. Alsdhe data used were developed from three kinds of oils; therefore, the data may not
be applicable to other liquids. Based on the uncertainties desahbbgd, EPA has awoderatdevel of
confidence in the assessed baseline expdseed able5-1).

5.1.2 Consumer Exposures

TCEP i Consumer ExposureqSection5.1.2):
Key Points

EPA evaluatedhereasonably available information for the following consumer exposinegey
points of which are summarizedlbe:

1 Limited information is available on TCEP in consumer products.
O There are no currestfety data sheets
O Weight fractionestimats in some cases were derived from literature values that were
20 years oldandfrom maximumvalues reported in Washington State databases.

1 The highest exposure estimatesrefrom inhalation of the roofing insulation scenafio42
mgkg/d) andthewood flooringscenaria1.24 mg/kg/day)HoweverEPAG6s conf i
these estimatas low. Of the senarios with moderate oobustconfidence, the highest
inhalationandorale x posur e esti mates were from th
structurescenario (0.0604 mg/kg/da®.185 mg/kg/day, respectivgly

1 Inhalationis thedriver for exposure tbuilding and construction materiaks.g.,roofing
insulation, acoustic ceilingandwood flooringfor adults

1 Oral ingestioris the driver for exposure for fabric and textile produtdam seating and
bedding productsand wooden tv stander children and infants.

5.1.2.1 Approach and Methodology
The migration of additive flame retardants from indoor sources such as building mé&edriads,
textiles and woodarticles (from either ongoing COUs or im@ee products/articles at the end of their
life cycle) appeato bea likely source of flame retardants found in indoor dust, suspended particles, and
indoor air(Dodson et al., 2032Veschler and Nazaroff, 20.However, the relative contribution of
different sources of TCEP in these matrices is not well characterized. For example, building insulation,
textiles, and paints and coatintpat contain TCERave differing magnitudesf emissionghat depend
on a variety of differing conditions

Modeling was conducted to estimate exposure from the identified con€{tés Exposures via

inhalation oral and dermatoutesto TCERc ont ai ni ng consumer product s
Consumer Exposure Model (CEM) Version 8.0S. EPA, 2019) Figure5-2 below displays the

embedded modglwithin CEM 3.0.
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Emissions from
Sources

=L EG6: Emissions from Articles

Indoor Fate & Transport

Partition to Air

Partition to
Airborne

Particulates A_INH1:
Inhalation of A_ING1:
Partition to Settled Airborne Ingestion of

Particulates Emi.ssions from Airborne
Articles (Gas & Emissions from
Particulate) Articles

S
-

(Particulates)

I

/'

Migration from Surfaces

A_ING2: A_DER2: Dermal
Migration to Saliva Ingestion of Absorption from
Article via Article via
Mouthing Direct Contact
Migration to Skin
A_ING3: A_DER3: Dermal
Ingestion of Absorption via
Emissions from Contact with
Articles via Dust Dust on Article

Migration to Dust

ARTICLE SOURCE

Figure 5-2. Consumer Pathways and Routes Evaluated in this Assessment

A_DER1: Dermal
Absorption of

Airborne
Emissions from
Articles

CEM 3.0 estimates acute dose rates and chronic average daily doses for inhalation, ,jagéstion

dermal exposures of consumer products and articles. CEM 3.0 gives exposure estimates for various

lifestagesincluding the following

Adult

Youth 2
Youth 1
Child 2
Child 1
Infant 2
Infant 1

= =4 =8 -8 _98_9_95_-2°

(>21 years)
(16 20 years)
(127 15 years)
(61 10 years)
(3i 5 years)
(11 2 years)
(<1 year)

Lifetime LADD/LADC (lifetime average daily dose/lifetime average daily concentration)

Exposure inputs for these various lifestagegaogided inthee PA6 s CEM Mgpensices n
(U.S. EPA, 2019e CEM 3.0 acute exposures are for an exposure duration of 1 day, and chronic

exposures are for an exposure duration of 1 yaarmore information on specific use pattersisd

exposure inputs fguopulationsplease sekl.4.6 (Consumer Exposure summary of key parameters

used for the various consumer exposures scenarios are proviizole-10.

5.1.2.2 Consumer COUs and Exposure Scenarios
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4407 Table 5-7. Summary of ConsumerCOUs, Exposure Scenariosand Exposure Routes

4408

Routes Evaluated

i e E Category Subcategory SEnsUImEr e a_nd SJ2eRlIG Form(s) Consumer User
Stage Scenario
Oral | Inhalation | Dermal
_ Liquid Q
Consumer Paln_ts and Paints anaoatings N/A Vapor Q
Use coatings :
Mist Q
ishi Air/Particulate Vv
Consumer Furnlshlng, Direct contact through use of
cleaning, . , ) - Dust \Y, Vv
Use Fabric and textile productg products/articles containing _
treatment/care TCEP Article/Product \Y, Vv
products Contact/Mouthing
fehi Air/Particulate \%
Consumer Flurnl_shlng, . .| Direct contact through use of Dust v v
Use cleaning, Foam seating and bedding products/articles containing us
treatment/carg products TCEP Article/Product V V
products Contact/Mouthing
Air/Particulate Vv
Building/construction Direct contact through use of |Dust \% \%
Construction, materialsi insulation bU|Ig|ng/con_st_ruct+ocr:1En|;aterlals Article/Product
Consumer |paint, made containing Contact
Use elef[:trllcal gndt‘ Building/construction Direct contact through use of |Air/Particulate \4
metal product materialsk wood and wood and wood producteade |Dust v
engineered wood produdtg containing TCEP Article/Product
wood resin composites ContactMouthing v
Direct contact through use of |Article/Product Contac Q
Wastewater, products/articles containing | Dust Q
. liquid wastes | Wastewaterliquid wastes | TCEP Air/Particulate Q
Disposal ndsolid and solid wastes
a X Long-termemission/mass Dust Q
wastes transfer through use of product ajr/particulate
containing TCEP Q

V = Quantitativelyassessed = Qualitativelyassessed
& Contact with the product is not expecteee Sectiorb.1.2.2.).
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Paints and Coatings

Consumers are no longer able to purchase paints and coatings containingeld@&stheir domestic

retail production and manufacturing has cealied.possible thabld paint cannisters stored in

basements, crawlspacesid/or garagesay result in expsure to TCEP from offjassing or during use

by consumerg-urthermore, the exposure to paints and coatings containing TCEP may occur via an
article scenarian whichthe paint and coating has already been applied. There is a higher likelihood that
older buldings may have used TCE®ntaining paints and coatings when the use of TCEP in consumer
paints and coatings was more common. This dried scendile the acoustic ceilings/drywall scenario

that was assessed for thalding/construction material€OU. The exposure scenario of dried paints

and coatings present in the indoor environment is qualitatively assessed.

Due tolimited information regarding the use of paints and coatmgikhe uncertainties surrounding the
weight fraction, activity and uggatternsand duration of use, EPdid not quantitativelyassess the use
of paints and coatingsontaining TCEP

Fabric and Textile Products

In a study of the CHAMACOS cohort in Californidastorina et al. (201 dicatesthat TCEP levels in
dustaresignificantly associated with the presence of extremely worn cafetwding, poor housing
quality, and lack of maintenance by landlords can resuiekiremely wor carpets, waanting
replacementThis suggests that individuals who are lower socioeconomic status may have increased
exposure to TCEP due to the inabilibreplace extremely worn carpets.

lonas et al. (2014neasured TCEP concentrations in different types, hard plastic, soft plastic and
rubber, wood and foam and textile) of childrens toys in Antwerp, Beldiiims.study reported median
TCEP concentratioof 3 pg/g, mean of 1Qug/g, and maximum of 4fag/g of TCEP in 36percenin 25
foam and textile products sampléahr soft plastics and rubber products, a detection frequency of 42
percentn 31 toys with a median of sg/g, mean of 1Qug/g, and maximum of 6fag/gwas reported

For hard plastic toyshe study authareporeda detection frequency of Jercenin 50 toys with a
median of 2ug/g, mean of 1Qug/g, and maximum of 2fg/g. These man concentrations correspond to
aweight fraction of 0.00percent

EPA searchedhe Ecology Washington databg$eSDE, 2023} in August 2022andretrievedvarious
information for fabric and textile products containing TCERe Ecology Washington database

sampled for fabric and textile products that are likely to be mouthed or used by children under the age of
three.Thedatabase ha@l7 products classified as textiles (synthetic fibers and blends) weee@

detects at 0.0fercentand 1.3percent The 1.3percentweight fraction was detected in the surface

textile of a childreds mini chair.The databasmdicated dur detects of TCEP in carpet padding and rug
mats. The weight fractiorfer thesecarpetproductsranged from 0.010 0.02percent

Little additional information watund in the literature searcm the percentages of TCEP in carpet
back coéing. A European patent has suggested that flame retardants may be generally used in carpet
back coatingatbetween 50 30 percent(Herrlich et al., 2018

Two scenarios were modeled for the fabric, textile, and leather products not covered efsewlecha
an out do o ray stroctute dnd ene forscarget back coating. The CEM 3.0 scenarifbused
both scenariowereFabrics:curtains, rugs, wall coveringseeTable5-9). Values ofl.3 percentfor
fabric in chil dr e mpércnifqthacarpesdack noativaereseleceedfor welght0 2
fractionsfor consumer modeling as these valuesbaigevedto be more representative of products
readily available in the bited States
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4458 Foam Seating and Bedding Products

4459 Various studies have reported the use of TCEP in furniture, automotive, and beddin@\Meaihsla et
4460 al., 2020). In the early 20008ngerowski et al. (200Irecorded TCEP in mattresses at 890 mg/kg (0.09
4461 percent) in Germanyli et al. (2012)reported much lower caentrations of TCEP on mattresses

4462 surfaces (0.1jug/g) in New Zealand. Two different case reports reported the acute death of dogs (a pit
4463 bull, a German shepherd, and a rottweiler) after chewing old automobile foams. The case studies found
4464 significant amants (>2 ppm) of TCEP in their stomach contéhtshner et al., 2070

4465

4466 Fang et al. (2013as measured another flame retardant (V6) at levels of 3.63 percent in concnfba
4467 5.3 percent in auto foams. TCEP has been reported to be an impurity in V6 of up to 14 Ydérisethte
4468 dimer of TCEP, and it would be expected that TCEP wbalah impurity of a V6 mixtureHence, the
4469 product of these two values suggests TCERadable in couch foams at 0.51 percent and in auto
4470 foams at 0.74 percefffang et al., 2003 AlthoughIngerowski et al. (200IrecordedTCEP in

4471 polyurethane soft foam at 19,800 mg/kg (1.98 percent), valuesteom et al. (2013)ere selected for
4472 this furniture foam and auto foam scenarios as they were thought to be more current and representative
4473 of the U.S. population.

4474

4475 For the foam toy block scenario, a weight fraction of 0.64 percent was calculated using information from
4476 Fang et al. (2013)This was based on the knowledge of 4.6 percent of V6 in polyurefibamewith an
4477 understanding that TCEP has been reported to be an impurity in V6 of up to 14 perneenét al.

4478 (2014)repats a lower weight fraction (0.001 percent) of TCEP in 25 foam and textile toys.

4479

4480 Building/ConstructionMaterialsi Insulation

4481 TCEPhasbeenreportedly used in building materigiscluding wood preservations coatings, glaser
4482 wallpapersandacoustic ceilinggMaddela et al., 2090High TCEP concemations in dust (94 mg/kg)
4483 ata Swedish libraryveresuggested to have been due the use of TCEP in the acoustic @édihdund
4484 etal., 200

4485

4486 Ingerowski et al. (200IreportedTCEP in polyurethane soft foam at 19,800 mg/kg (p&&en}), and
4487 68,000 mgkg (6.8perceny in acoustic ceilingsKajiwara et al. (2011pecorded concentrations of TCEP
4488 in insulation boards of uf 10 ng/g in products purchased in Japan.

4489

4490 To assess thauilding/construction materials scenario, two exposure scenarios were run in CEM 3.0:
4491 roofing insulation (under thiglastic articles’ foam insulation scenario) and acoustic ceiling (under the
4492 Drywall scenario). The weight fractismsedfor this modelingvere1.98and 6.8percentrespectively.
4493 These exposures scenarios measured the chronic release of TCEP from the roofing insulation and
4494 acoustic ceiling to the indoor air and indoor dust. They did not cordeieryourself O1Y) scenarios
4495 of a consumer installinthese articlebecausehey are no longer commercially available.

4496

4497 Wood andEngineeredWood Products

4498 A case study reported neurotoxic sigmaigcular weakneyexperienced by &yearold child after

4499 exposure to TCERt waspostulatedhat the exposure was due to wagmahelingthathad been treated
4500 with a wood preservaroatingcontaining 3percentTCEP.However, TCEP in dust was not quantified.
4501 The study reporte@00 mg/kg(0.06 percent of TCEP in woodas citedn (SCHER, 201}, lonas et al.
4502 (2014)reporeda detection frequency of Ziercentin 8 wooden toys with a median ofs/g, mean of
4503 4 ug/g, and maximunof 5 pg/g, whichcorresponds to a mean weight fraction of 0.008¢tent The

4504 products sampled ilwnas et al. (2014)ere around 2007, withroundhalf of the products coming from
4505 China.

4506
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4507 Anecdotally, TCEP concentrations have besportedo be present imported wooden TV stands. The
4508 photobelow lists TCEP on a CalifornRroposition 65 label on a wood@&iV stand product importeid
4509 the Unhited Statesfrom Malaysia(Figure5-3).

4510
Importer: NOBLE HOUSE HOME FURNISHINGS LLC.
Production date: October 2020
Compliance level: TSCA Title VI
% ‘:{ARN'_NG: This product can expose you to chemicals
theUStlr;g TlrfIS (2-chloroethyl) phosphate, which are known to
ate of California to cayse ¢ :
goto www.PGSWarnings.ca.gov.ancer. b~ lnformation
4511
4512 Figure 5-3. Photo of TCEP Label on WoodenTelevisionStand
4513 Source: Photby Yousuf AhmadlJ.S.EPA
4514

4515 To assess the wood and engineered woodyats scenaridgywo exposure scenasdor woodproducts
4516 (exposure from wood flooring and wooden TV stand¥ run in CEM 3.0 utilizing therood articles:
4517 hardwood floors, furnitur@redefined scenario with a weight fraction gi€rcent

4518

4519 Wastewater, LiquidVastesand Solid Wastes

4520 Consumers may be exposed to articles containing TCEP during the handling of disposal and waste. The
4521 removal of articles in DIfenovationscenarios mayehd to direct contact with articles and the dust
4522 generated from the articlésading toconsumeexposureDue to the difficulties in quantifying

4523 consumer disposal of produasntaining TCEPconsumer disposal of TCEP was not quantitatively
4524  assessed fohis risk evaluationSection5.1.2.2.5discusses the qualitative assessment for consumer
4525 disposals including the landfilling of building products and articlesdbiatiain TCEP.

4526 5.1.2.2.1 Consumer Exposure Routes Evaluated

4527 TheCOUsthat were evaluated for TCEP were all articles. As such, the relevant underlying models
4528 utilized for TCEP includethose listed imrable5-8 below.

3228 Table 5-8. CEM 3.0 Model Codes and Descriptions
Model Code Description
E6 Emission fromarticle placedn environment
A _INH1 Inhalation fromarticle placedn environment
A_ING1 Ingestion afteinhalation
A_ING2 Ingestion ofarticle mouthed
A _ING3 Incidentalingestionof dust
A DER1 Direct transfer from vapor phase to skin
A _DER2 Dermaldosefrom articlewhereskin contact occurs
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Model Code

Description

A_DER3

Dermaldosefrom skin contactvith dust

CEM 3.0contains/3 specific product and article categories and several generic catelyat@sitbe
userdefined for any product and articlBable5-9 presents arosswalkbetweerthe COU subcategorie
with these predefined scenarios. In some caseC@temapped to multiple scenarios, and in other
cases one scenario mapped to multip@Us

Table 5-9. Crosswalk of COUSubcategories, CEM 3.0 Scenariosand Relevant CEM 3.0 Models
Used for ConsumerM odeling

TCEP COU Subcategory

Exposure Scenarid

CEM 3.0 Scenario

93
HNI V

ONI V

ONI V

ONI V

yaa v

yaa v

¥aa v

Carpet baclcoating

Fabrics:curtains, rugs,
wall coverings

Fabricandtextile productg

Textile for outdoor
chil dr enc¢
play structures

Fabrics curtains, rugs,
wall coverings

Foam used in
automobiles, foam
used inliving room
furniture

Plastic articlesfurniture
(sofa, chairs, tables)

Foamseating and beddin

Building/construction

oroduct Mattress Plastic articlesmattresseq |,
Otherfoamobjects | Plastic articlesother
(toy blocks) objects with potential for
routine contacftoys,
foam blocks, tents)
Insulation Plastic articlestoam

insulation

materialsi insulation

Acousticceiling

Drywall (acoustic ceiling)|

Building/construction
materialsi wood and

Woodflooring

Woodarticles: hardwood
floors, furniture

engineered wood produc
T wood resin composites

Wooden TV stand

Woodarticles: hardwood
floors, furniture

In total, the fourCOUsfor TCEP were mapped toine CEM 3.0 scenariofkelevant onsumer
behavioral pattern datad., use patterns) and prodespecific characteristiosere applied to eaabf

the scenarios. For more information on specific use patterns anacpspecific characteristics please

seeAppendixH.4.6 (Consumer Exposure).

Inhalation, oral and dermal routes were evaluated for each of the @@tle The aricle model
Ingestion ofarticle mouthedA ING2) was only evaluated fahe COUswhereit was anticipated that
mouthing of the product would occufor example, it is unlikely that a child will mouth roofing
insulation or an acoustic ceiling, hence theMGP Modelwasdeemed inappropriate for estimating
exposure for these COUEBhe A_DER2Model @dermaldosefrom article whereskin contact occujs
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was not used for estimating dermal exposure to roofing insulation and acoustic t&itagselermal
contactis not expected to occur for these articles.

The chronicand lifetimeexposure estimates are the most relevant dusdftoortonsumer articles.

Furnishings, building materials, and foam seating and bedding products are typically used over a longer
time framethanother types o€onsumer productsith direct applicationsg.g, household cleaners,

solvents). The exposure scenario of relevancedonsemers for building and construction materials,

fabric and textile products, and foam seating and bedding products is that of a repeated exposure over a
chronic durationAs such, the exposusstimategpresented in the successive sections focus on the

chronic average daily doses rather than the agstimatesA summary of the acute, chronand

lifetime exposure estimatese presented iSection5.1.2.3and rther discussed iAppendixH.4.6

(Consumer Exposure).

The CEM Version 3.0 was selected for the consumer exposure modeling as the most appropriate model
to use baed on the type of input data available for T&@®Rtaining consumer produci&he advantages
of using CEM to assess exposures to consumers and bystandesfohosvs:

T CEM model has been peer reviewed,;

1 CEM accommodates the distinct inputs availableterproducts containing TGEand

1 CEM uses the same calculation engine to compute indoor air concentrations from a source as the
highertier Multi-Chamber Concentration and Exposure Model (MCCEM) but does not require
measured chamber emission val(ekich are not available for TCEP)

Consumer modeled exposure estimates were compared to the reported monitoring and reported modelec
estimates for indoor air and indoor duResidential indoor air, indoor dusind personal breathing zone

data were iddified and evaluated during systematic revigws. EPA, 2023pv). Sectiors 3.4.1and
3.4.2providea summary of the reported monitoring and reported modeled data in indoor air and indoor
dust.A challenge in comparing EPA modeled exposures estimates with the reported monitoring and
model ed data i n t hneodeled exposur@ estimates aredy GO avhereaFrepdrted
information in the literature are not typically specified by C®Bbk. a characterization of model

sensitivity and full exposure results, ggpendixH.4.6 (Consumer Exposure).
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4584 Table 5-10. Summary of Key Parameters for Article Modeling in CEM 3.(?
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Initial Weight . - Thickness

Consumer ! : Density Duration of | Frequency of Surface : Interzone Use

Concentration of | Fraction of . : . of Article o .
Exposu_re SVOC in Article Chemical Product/Article Article _ Article Contact A_rea of2 Surface Ventilation Enwronmer;t
Scenarios (mg/cn®) (%) (g/cmd) Contact (min) | (Events/Day) | Article (m?) Layer (m) Rate (m?/h) | Volume (m®)
Textile- 4.03E00 1.30 0.31 180 1 17.8608 0.055 1ET 30 492
outdoor
play
structures
Carpetback|4 . OO ET 02 0.02 0.2 1,140 5 1.6 0.5 1ET 30 492
coating
Foam living|2.22E01 0.74 0.03 600 10 0.4225 0.01 88.6092 50
room
Foamauto |2.22E01 0.74 0.03 600 1 0.4225 0.01 9.4872 2.4
Mattresses |2 . 6 7ET 0 2 0.09 0.03 600 1 3.097 0.5 107.01 36
Otherfoam|1. 92 ET 01 0.64 0.03 3.8 40 0.6606 0.01 108.978 50
objects
Roofing 5.94E101 1.98 0.03 0 1 158 0.5 1ET 30 492
insulation
Wood 3.00E01 3.00 1 1,140 10 211 0.1 88.6092 50
flooring
Wood TV |3.00E01 3.00 1 120 10 1.38 0.1 88.6092 50
stand
Acoustic  |1.12E01 6.80 0.165 0 1 12.6 0.5 107.01 36
ceiling

a For detailed information on selection of parameters refBradt Risk Evaluation for Tris@Zhloroethyl)Phosphatd TCEP)1 Supplemental Information File:
Consumer Exposure Modeling Inp(ts.S. EPA, 2023
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5.1.2.2.2 Inhalation Exposure Assessment
Due to its vapor pressure 10613 mnHg at 25°C, it is expected that under niveated conditions
TCEPconcentrations in aivould be negligible. Howeveresearch hasdicatel that inhalation
exposure of TCERan behigher than dermaxposurgOrtiz Carrizales, 2013 In addition,
concentrations of TCEP in the indoor air have been shown to be higher than ambient air concentrations
(Wong et al., 2018 In general, concentratismf organophosphate flame retardants increase both
indoors and outdoors duringarmerseasongWang et al., 2019a

Generally, TCEP release is higher at higher temperatures. However, the nateriebefficient (Kua)
values for TCEP have been shown to be similar a&r@655°C. This implies that after reaching a
certain temperature, TCEP emission rates increase inardependent manner with further increase in
temperatureTheKua value at 23C for polyisocyanurge (PIR) foam was 7.781C° and for

polyurethane foam (PUF) was 3:81° (Maddela et al., 2090

Due to its presence in particulateothless than and greater than fr, and its presence in tgaseous
phase, EPA expects both inhalation pathways (gghSleposits in lung and <Opin deposits in
alveolar region) and ingestion pathways (3225 deposits in mouth) to be contributors to TCEP
exposure. SeBection3.3.1.2.1for more details regarding the particke gas phase distribution of
TCEP.Consumer inhalation exposureTGEPIs expected through the direct inhalationrafoor air
and dustTable5-11 below illustrats the steady state SVOC concentrations and respiralilelpéRP)
concentrationsesulting fromconsumer exposure to articles containing TCEP.

Table 5-11. Steady StateAir Concentrations and Respirable Particle of CEP from Consumer
Modeling (CEM 3.0)

: Respirable
COU Subcatayory Consumer Scenario Als SV?C Particles
(mg/m?)
(hg/mQ)
Carpetback coating | 3.066 02 | 3.798 02
Fabric and textile products Textile-outdoor play | 3.96200 4.8CE00
structures
Foamauto 1.04E 04 2.43H 05
F i 4 beddi duct Foamliving room 9.33H06 | 3.33H 06
oam seafing and bedding produc Mattresses 445804 | 1.33804

Otherfoamobjects 1.26B 05 | 4.50H 06
Roofinginsulation 9.32E00 1.1301

Building/construction materialsinsulation

Acousticceiling 752H01 |2.25H01
Building/construction materialswood and Woodflooring 8.11E00 3.3CE00
engineered wood produdtsvood resin composite§ Wood TV stand 5.31H02 | 2.16H 02

The insulation scenario followed by the wex@s$in scenario had the highest TCERcamcentrations
(9.32and 8.11 mg/rhrespectively.

Exposures doses (chronic average daily inhalation d&€3Ds]) for all of the COU subcategories
were estimated for the inhalation pathway via the following fore)fa INH1):
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Equation 5-1
0 Ol &Y OOER a 6 "QosQ0
000 —
ow 00
Equation 5-2
o "YoUO 6'YD YO p 000 &G YCHER d 6 QOO
000 =
ow 00
Equation 5-3
6000 000 000
Where
000 = Potential Chroniéverage Daily Dose, air (mg/kday)
000 = Potential Chronic Average Daily Dose, particulate (mgikg)
0000 = Potential Chronic Average Daily Dose, total (mgtkay)
6 = Averagegas phase concentiat (ug/nv)
"YU 6 Y0 = AverageSVOC in RP concentration, air (ug/mg)
Y 0 _ = AverageRP concentration, air (mgfn
‘00 RP ingestion fraction (unitless)

Ol G QYQEQ
©d a6 QO Qi

Fractionof time in environment (unitless)
Inhalationrate after use (#fhr)

00 Conversiorfactor (24 hr/day)
0w Body weight (kg)
00 Conversiorfactor (L,000ug/mg)

Exposures doseé¢ute Dosaate ADRS) for all of the COU subcategories wesgtimated for the
inhalation pathway via the following form@dA_INH1).

Equation 5-4
.. 0 O o "YOER & 6 "QOEQD
o'oY . —
ow 00
Equation 5-5
. YOO 6 YD Y0 O oY COER & 6 "QOEQD
oY . —
ow 00
Equation 5-6
00'Y 0 or 0 o
Where
0 o = Potential Acute Dose Rate, air (mg/égy)
o O = Potential Acute Dose Rate, particulate (mgday)
00Y = Potential Acute Dose Rate, total (mg/ttay)
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6 = Maximumagas phase concentratiqug(m’)

Yo U 8 Y0 = Maximum SVOC in RP concentration, air (ug/mg)
YO _ = Maximum RP concentration, air (mgim

Ol HRYQEQ = Fraction of time in environment (unitless)

‘O%Ha o Q0 Qi = Inhalation rate after use ffhr)

00 = Conversion factor (24 hr/day)

0w = Body weight (kg)

00 = Conversiorfactor (1,000ug/mg)

The ADR and CADD equation&quations-1, Equation5-2, Equation5-3, Equation5-4,

Equation5-5, and

Equation5-6) for A_INH1 consider both contributions from air and particulates. The averaghases
concentration is considered for CADDair, and the maximum gas phase concentration is considered for
ADRair. The average SVOC theRP concentration is considered for CADDparticulate, and the
maximumSVOC intheRP concentration is considered for ADRfpculate. CADDair and

CADDparticulate are summed ¢dbtainCADDtotal. Similarly, ADRair and ADRpatrticulate are

summed to get ADRtotal. The SVOCtie RP concentration is given pg/mg and is multiplied by an
average RP concentration (mg/nt).

Although the inhalation exposures to consumer articles containing TCEP are dominated by gas phase air
concentrationsersushe SVOC in RP concentrations, EPA decidethttude both in the inhalation

exposure estimates. Therefore, EffAsentd consumernhalation values as doses (mgtiay), rather

than concentrations (mgfnbecausehe dose valuesxpressed as mg/kdayincluded contributions

from boththe gas and particulate pleas

CEM 3.0outputsincludeinhalationdoses for all lifestages. Inhéifan doses are calculated for lifestages
by varying the BW and inhalation rate for the varipopulation groupsThese inhalation dose
calculations are simplified and do not take into consideration lifestages differences in ventilation,
anatomyand metablism. This risk evaluation presents one inhalation value (the adult value) by COU
(seeTable5-15andTable5-16). Appendixl.1.1 presents theeportedCEM inhalationdoseswith

breathing weight and body weighdjustmentsor all lifestages.

A summary of the acute, chronand lifetime inhalation doses are presente8ention5.1.2.3 Table
5-10 presenta summary of the keyarametersised for consumer modeling with CEM 3.0. For more
information on CEM 3.0, input parametesgnsitivity analysisand assumptions used for consumer
modelingplease se@ppendix |

5.1.2.2.3 Dermal Exposure Assessment
Consumers may be dermally exposed to TCEP via skin camithotonsumer articles, skin contact with
dust generated from consumer artictasthe depositin of vapor generated from articles onto the skin.
CEM 3.0 containsdermal modeling componesthat estimate absorbed dermal doses resulting from
dermal contact with chemicals found in consumer prodstsct transferfrom vapor phaséo skin
(A_DER1),dermaldosefrom articlewhereskin contact occur@A_DER?2), anddermaldosefrom skin
contactwith dust(A_DERS3). All three models were used to estimate exposure to articles containing
TCEP, except for A_DERZ2, which was not used forBhdding/construction materials insulation
COU becausaelirect artcle contact with skin was not expected.
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Contactof skin with articledrives the dermal exposure estimate in cases where contact is expected.
Otherwise, skin contact with dust is the driver of dermal expostesfollowing equation was used to
calculateCADD for A_DER2:

Equation 5-7 i
X 4oy oo
60600 0y
oY
Where
0000 = Potential Chronic Average Daily Dose (mgfigy)
AXINe) = Chemicalconcentration in article (mg/cin
YOO w = Surface area to body weight ratio (¢kg)
"OY Q@i o= Fraction absorbed (unitless)
00mi = Exposure duration, chronic (years)
O "Yoi = Averaging time, chronic (years)
L = Average distance a diifsing molecule travels per contact (cm/day)

Many of these parameters are calculated within CEM. The paranmetefunction of duration of article
contact (min/day). A_DER3 has a similar formula:

Equation 5-8 i
00i 6 2 §°0°06 00000
60600 : oL
00 o07Y
Where
061 OUBD = Chronic weighted dust concentration
AF = Adherence factor of dust to hand (mgfeavent)
FA = Fraction absorbed (unitless)
EvD = Frequency of article contact per day (events/day)
CF: = Conversion factor (insert value)

Compared to A_DERZ2, this formula substitutes a chronic weighted dust concentration for the chemical
concentration and replaces fiterm with an adherence fact@HR) and frequency of article contact
(EVD).

A key parameter in estimating results for A DER2 and A_BERraction absorbed (Fabs). While the
duration of interaction with materials that contain TCEP may be shorter than the duration that was tested
in thedermal absorption study.€.,a 24hour exposure), EPA cannot assume that consumers would
immediately wash their hands following contact with treated objedajs ¢arpets). Therefore, the dose

that is deposited on the skin during an activity would lpeeted to remain on the skin until the skin is
eventually washed. As a result, EBpplied a 24hour value forfraction absorbed (35dercen} from

Abdallah et al. (2016p all consumer dermal exposurgsenarios

Table5-12 providesthe chronic dermal doses from each of the underlying models in CE&MG .for
adults and children-8 years of age. All lifestages were analyzeé.or more information on the
consumer dermal exposure inputs, equations, results (for adtdifes) and sensitivity analypiease
seeAppendix landE P A GEM 3.0 AppendicegU.S. EPA, 2019

Pagel83of 572


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3120332
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5205300

4750
4751

4752
4753
4754
4755
4756
4757
4758
4759
4760
4761
4762
4763
4764
4765
4766
4767
4768

PUBLIC RELEASE DRAFTI DO NOT CITE OR QUOTE
December 2023

Table 5-12. Chronic Dermal Average Daily Doses (mg/kglay) of TCEP from ConsumerArticle
Modeling for Adults and Children 3 to 6 Yearsof Age (CEM 3.0)

Consumer Life A DER1 | A DER2 A DER3 Total
COU Subcategory Scenario Stage Vapor to Skin Skin Contact Chronic
9 Skin Contact with Dust Dermal ADD
Carpe{back Adult 2.29H 07 | 3.16H 04 8.6CE1 06 3.25E1 04
Fabric and textile Coating Child 3.68H 07 | 5.078 04 5.5%Fi1 05 5.6 04
products Textile-outdoor | Adult | 2.97H 06 | 1.26H 02 2.1CE1 04 1.2% 02
play structures Child | 4.778 06 | 2.038 02 1.35%E1 03 2.1781 02
Adult | 3.87H 10 | 5.65H 03 4.44E71 09 5.691 03
Foamauto - =
Child | 6.43H 10 | 9.38H 03 2.9551 08 9.3881 03
Foamliving Adult | 6.958 10 | 1.26H 02 5.4CE1 09 1.261 02
bedding product Adult | 1.33807 | 6.14B 03| 3.9%T 07 6.14E1 03
Mattresses - -
Child | 2.206 07 | 1.02H 02 2.691 06 1.02E1 02
Otherfoam Adult | 2,416 10 | 2.236 04 7.40E1 09 2.2F1 04
objects Child | 4.198510 | 3.87H04| 5.15108 3.88E1 04
Building/construction Roofing Adult | 3.49E05 | O 2.5CE1 04 2.84E1 04
materialsi insulation | insulation child | 5.61605 | 0 1.6151 03 1.6651 03
_ Adult | 2.81506 | 0 8.481 06 1.13F105
Acousticceiling _ -
Child | 453806 | 0 5.491 05 5.91E1 05
Building/construction Woodfloorin Adult | 6.08H 05 | 2.37H 01 1.3%i1 03 2.3&i1 01
materials &’VOOd jmd 9 |"Chid | 976805 | 3808 01| 8.5% 03 3.8%1 01
engineered woo
g « Adult | 3.988 07 | 7.68H 02 8.71E1 06 7.68E1 02
productsi wood Wood TVstand
resin composites Child | 638507 | 1.23H01| 5.5%I105 123Ei 01

5.1.2.2.4 Oral Exposure Assessment
Consumers may be exposed©EPVvia transfer from hand to mouytimgestion after inhalatiomouthing of
articles,and the incidental ingestion of dust generated from consumer afié&#4.3.0 containgn
ingestion modeling component that estimates ingestion doses resulting from copduets:
ingestion aftermnhalation(A_ING1), ingestion ofarticle mouthed(A_ING2), andincidental hgestion
from dust (A ING3). All three models were used to estimate exposure to articles containing TCEP,
except for AING2, which was not used for tiheilding/construction materialSOU asmouthing of the
article was not expected.

Mouthing is a particular important route for estimating exposure to children and infants who may have
highere x posures to t oys CBW3 hasliourichwices foroneuthppgermadosOct s .
(low), 10 (medium), and 50 (high) énThe high mouthing input was selected for outdoor play
structures and other foams (toy blockefaus¢hese are childrén products. The medium valuesre
selected for carpet back coating, wood flooring, woobérstand foam furniture in the living room,

foam seat in an automobhilend the mattress scenarios.

The following equation was used to calculate CADD for A_INGZ2:
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Equation 5-9
5 500 0Y 60 O GO 00
©0 5d 6Y 60
Where
0000 = Potential Chronic Average Daily Dose (mg/étgy)
0'Y = Migration rate of chemical from article to saliva (mgftim)
CA = Y@ = Surface areto body weight ratio (cAtkg)
Od = Duration of mouthing (min/hr)
00mi = Exposure duration, chronic (years)
0D = Conversion factor (24 hr/day)
0 "Yi = Averaging time, chronic (years)
0w = Body weight (kg) = Conversion factor (60 min/hr)

The following equation was used to calculate CADD for A_ING3:

Equation 5-10 _
v e, . O0i 0 Ol QW'Y @od o "0t "Q
0000 .

6w 60
Where
6600 = Potential Chronic Average Daily Dogmg/kg-day)
0061 0LWRo= Chronic weighted dust concentrati

'Ol G®w"Y'Q& Q Fraction of time in environment (unitless)
Oo0i 00t %0 Dust ingestion rate (mg/day)

0w = Body weight (kg)

00 Conversion factorl,000c g / mg )

The chronic weighted dust concentration was weighted betweelishavailable from theespirable
portion, floor dustand abradegarticles.

Table5-13 presentshe chronidngestiondoses from each of the underlying models in CEMaB@ for
adults and infants 1 to 2 years of age. All-Btages were analyzel@or more information on the
consumer dermal exposure inputs, equations, results (for adtéifees) and sensitivity analypiease
seeAppendix landE P A GEM 3.0 AppendicegU.S. EPA, 2019
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4801 Table 5-13. Chronic Ingestion Average Daily Doses (mg/kday) of TCEP from Consumer Article
4802 Modeling for Adults and Infants 1to 2 Yearsof Age (CEM 3.0
A ING1 .
: =T A_ING3 |Total Chronic
COU Subcategory | Consumer Scenario Sl Imgesiiem || i Ih ez Ingestion | Ingestion
Stage after Mouthing
3 of Dust ADD
Inhalation
. Adult 3.44608 |0 247805| 2.47H05
Carpetback coating
Fabric and textile Infant 1.25607 [2.226B01 |3.14B04| 2.22H01
prOdUCtS Textile-outdoor play Adult 413606 |0 3.02E 04 3.06H 04
structures Infant | 1.508 05 |2.226 01 |3.836 03| 2.26H01
Adult 6.66H 10 |0 3.226 10| 9.88H 10
Foamauto Infant | 2.43509 222601 |4.09809| 2.22H01
Adult 7.55H 12 |0 7.83H10| 7.91H 10
. Foamiiving room Infant | 2.75H 11 [2.22601 | 9.946 09| 2.22H 01
Foamseating and
bedding product Adult 6.70H 10 |0 1458 07| 1.46H 07
Mattresses Infant | 2.44H 09 |2.706 01 | 1.84H 06| 2.70H 01
Adult 9.69H 12 |0 1.056 09| 1.06H 09
Otherfoam objects 1y | 3538 11 [1.11E00 | 1.33808| 1.11E00
Roofinginsulation Adult 9.82H 06 |0 7.19H03| 7.20H03
Building/cqnstruc_tion Infant | 3.58H 05 |0 9.13H02| 9.13H02
materialsi insulation Acousticeailin Adult | 1.12E06 |0 2445 04| 2.45H 04
g Infant 4.075 06 |0 3.106 03| 3.10HO03
Building/construction . Adult 9.21H06 |0 1.91803| 1.92H03
S Woodflooring
materials’ wood and Infant | 3.36H 05 |[2.22H01 | 2.43602| 2.46H 01
engineered wood Adult | 6.03E08 |0 1.25605| 1.26H 05
productsi wood resinwood TV stand Infant | 2.208 07 |2.226 01 | 1.596 04| 2.22E 01
composites
4803
4804 For children and infantsnouthing was the dominant route of exposure. For teenagers and adults,
4805 ingestion of dust was the dominant route of exposure as no mouthing of the consumer articles are
4806 expected.
4807
4808 Sensitivity analysasitchdi matt drefdthanoatiing eshneated f i v e
4809 The area of article mouthed was more important for the ingestion estimate compared to the initial
4810 concentration of the SVOC in the article, the density of the article, the surfacH #re article and the
4811 duration of artite contact.
4812
4813 For more information on the consuniegestionexposure inputs, equations, results (for altdifages)
4814 and sensitivity analysiglease seAppendix landEP A6 s CEM \Wser Guideoandppendices
4815 (U.S. EPA, 2022n
4816
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4817 5.1.2.2.5 Qualitative Exposure Assessment

4818 Paints and Coatings

4819 A review of literatureeporting TCEP used outside the B&m the early 2000s provides some evidence
4820 of the use of TCEP in paints and coatiriggerowski et al. (2001detected TCEIh 85 percenif 983
4821 household products in Germany and reported TCEP in wood preservation coatingecrdratiorof
4822 10,000 mg/kg1.0%). Haumann and Thumulla (200@¢tected TCEP in paints amaximum of 840
4823 mg/kg (0.084percenyin Germany por to 2002(TERA, 2013.

4824

4825 Table5-14is a summary of the information gathered for the commercial use of paints and coatings
4826 COU. This data indicate TCEP is used at a +a@gt of 250ercenin commercial paints and coatings.
4827

4828 Table 5-14. Summary of Commercial Paints and Coatings Concentrations and Density of TCEP

TCEP Concentration Product Density
Paint Products (MassFraction) (kg/md)
Low-End High-End Low-End | High-End
7 Industrial andcommercial paintand 0.1% 25% 1,000 1,490
coatings

4829

4830 Consumer exposures to articles that have been coated with-d@Ekning paints and coatings will
4831 mimic consumer exposures from #eicle scenarios€.g, acoustic ceilings, wood resin products). The
4832 paints and coatings scenario within CEM 3.0 is for the active application of paints and coatings in a
4833 product scenaridlhus,for this risk evaluation, the dried paints and coatings scenario can be considered
4834 apart ofthe quantitatively assessed articles scenarios.

4835

4836 The maximum weight fractions (Zercenf presented i able5-14. are up to4 times higher thn the

4837 weight fractions available for consumer articles (&e&en}. This suggests that commercial and

4838 industrialproductscontain higher levels of TCEP than products and articles availalleefoonsumer
4839 market. With the increasing availability of commercial and industrial products sold on the internet and
4840 the increas@é DIY trends, consumers potentially could obtain paints and coatings that containat CEP
4841 concentrations applicable to commercial uses

4842

4843 The dermal routés the most important route to consider for exposures to paints and caatirigsing
4844 TCEP The occupational dermal exposure estimates for workers using-¢@&#inng paints and

4845 coatings are presented in Secttoh.1.3 The commercial use of paints and coatings results in a high
4846 end exposurestimateof 8.02 mg/@y and a central tendency estimate of 1.48 mg(dee Table5-6).

4847 This scenario is based on a spray application scenario under working corfditioos-occluded

4848 scenarios.

4849

4850 Differences in the occupational and consumegrosurescerarios of paints and coatings provide context
4851 to thisqualitativeassessment. Products available for the industrial and commercial market are

4852 formulated differently than for consumers. Moreover, workenk with industrial grade formulations
4853 that have higér concentrations of TCERhd may be exposed to paints and coatings containing TCEP
4854 under exposures scenarios that result in higher exposugesiray application vgypical domestic

4855 painting).

4856

4857
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4858 Wastewater, LiquidVastesand Solid Wastes

4859 At theend of their life cycls, consumer articles may be disposed of in municipal solid waste landfills
4860 constructionand demolition landfillsor undergo incineratiorGroundwater ranitoring data irSection

4861 3.3.3.5suggests that TCEP can migrate fromanicipal unlinedandfills to groundwater via landfill

4862 leachateWater discharges fronalindered clothing that picks up TCEP may also be a potential source
4863 of TCEP to surface watershe successive sections attempt to describe TCEP exposures that may be a
4864 result of the disposal, demolition and removal of household articles and dust conf&@mRdDue to

4865 the difficulties in source attributioEPA was unable to relate consur$dUsto these TCEP

4866 exposuresHowever they are qualitatively discussed to capture additional wealrgiduals may be

4867 exposedo TCEPvia consumer articles.

4868

4869 WastewaterSection3.3.2.7states thataundry wastewatenay contributdo elevated environmental

4870 surface water concentrations of TCERothing has beenyipothesized tact as a sink for TCE®

4871 transfer organophosphate esters from the indoor environment to surface waters via wastewater from
4872 domestic and commercial laundry sour¢eéshreder and L&uardia, 2011 A study investigating the

4873 relationshipbetweerthe fate of phthalates and flame retardarsissferringfrom clothing to laundry

4874 wastewater found that chemicals with a lag\dess thart showed @reder than80 percentrelease to

4875 laundry water, whereas chemicals with a lag{reate than6 only showedess tharllO percent

4876 release to laundry wastewa(&aini et al., 2016 Furthermore,hese findingglsosuggest that dermal

4877 exposure to TCEP may be enhanced from clothing to §®eati et al., 2016

4878

4879 TCEP was among the 10 most frequemblyndcompounds, detected at 6Jp&rcentin wastewater

4880 samples (maximum of 0¥g/L), in a study that collected wastewater from multiple sitd®asearch

4881 TrianglePark aea of North Carolina between 2002 and 20B®rgino et al., 200)7 Flame retardants

4882 were measured primarily at sites downstream from municipal wastedvatbarges and at a site

4883 downstream from an industrial fire. TCEP samples were detectedriof eight sites, and dhree of

4884 threesites that had major upstream wastewater discharges. A possible exploraliOEP detection at
4885 the one other site (#hiout an upstream wastewater discharge) wasathrat at an industrial cleaning

4886 supply warehouse occurred upstream a few months before the sampling event. It is believed that water
4887 applied to control the fire had entered the nearby tributary. In additvorof these sites near

4888 wastewater discharges are also located near state recreation areas where public facilities, campgrounds,
4889 dump stations, swimming beaches and boating access are av@ialteno et al., 200/

4890

4891 Solid WastesA CDC NIOSH report evaluated the occupational exposure to flame retardants at four
4892 gymnastis studios in the mie2010s. The reseehers sampled old foam blocks, mats, padded equipment
4893 and employees via hand wipe samples before and after work. TCEP was detected at?3t®meft

4894 thegymnastis studicsin June 2014but was not detected in April 2015 after the replacement of new
4895 foam blockgBroadwater et al., 20).7A similar study measured 1t6 1.9 ug/g dry weight of TCEP in
4896 polyurethane foam blocks in a Seattle gym. TCEP was detected at a mean concentrationgd 8
4897 weight in gym dust concentrations across four gyinsst samples were collected from the homes of
4898 four gym instructors. TCEP was found at a mean concentration p§2/5g dry wei ght at
4899 residence$La Guardia and Hale, 20).5

4900

4901 A study from the Sierra Nevada foothills suggests that the presence of TCEP on the surfaces of
4902 ponderosaine needles can be explained by the aerial transport and deposition from nearby point
4903 sources where chemicals were released during the incinerafast€ waste article@ston et al.,

4904 1996.

4905
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Recycling TCEP is not typically used in electronics mipredominantly found ipolyurethane foam

(PUP (Stapleton et al., 20)1A CDC NIOSH report assessed employee exposure to flame retardants at
an electronics recycler in November 2016 and February 2017. TCEP was detected in surface wipe
samples at the disassembly workstation at 154 ngdB0The report indicated the workers were

incorrectly wearing N95 respirators and were dry sweeping. To prevent exposure to airborne TCEP dust
particles, the report recommends prohibiting dry sweeping to clean work@reass et al., 2019

Landfills: The demolition and removal of consumer articles may result in exposures to TCEP.
Construction waste and old consumer products can be disposed of in municipal solid waste landfills and
construction and demolition landfillSection3.3.3.7models the resulting groundwater concentration

that may occur from leaching of TCERn landfills. Section3.3.3.5highlights suspected leaching of

TCEP from nearby landfills (Norman Landfill, Himco Dupgnd Fort DevengBuszka et al., 2009

Barnes et al., 20Q4Hutchins et al., 1984The Himco Dump is a closed unlicensed landfill that included
a4-acre construction debris ar&#PA issued a notice in the Federal Register finalizing the deletion of

part of the Himco Dump Superfund site from the National Priorities List (NRig.Indiana

Department of Environmental Managemd®EM)f or mal |y concurred with EF
January 26, 2022, ariPA proposed thste for partial deletionn March, 2022Fort Devens is alsan

EPA superfund sitea former army instillation site that was established in 1917 and closed ini4996

also aclosed superfund siteSCEP was detected throumlt the entire length of a leachate plume near a
municipal landfill(subtitleD) near Norman, Oklahom@arnes et al., 2004Leachate sangs from

landfill sites in Japan detected TCEP at ranges from 4.1 to 5430 mg/mL This study suggested that the
origin may be due to plastic was{@&suhara, 1995

Without a full characterization efon-hazardousandfill (e.g.,Norman Landfill)conditionsand
historical wastesg(g.,Himco dump and Ft. Devenajound the countrfgPAis uncertain how often
contaminantnigrationoccurs given modern practiceSnon-hazardous$andfill and historical site
managementHowever, the possibility of exposut@ TCEPafter the releastom disposal of consumer
wastes exdts.

5.1.2.3 Summary of Consumer Exposure Assessment
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4935 Table 5-15. Summary of Acute Daily Rate ofConsumerArticles Modeled with CEM 3.0

Consumer Exposure

Exposure Dose (mg/kg/day)

COU Sub-category : Life-Stage

Scenario Oral Inhalation Dermal
. Adult 2.4F 104 5.11E 102 4.03H 04
Carpetback coating Children 18£01 | NA 1.056 03
Fabricandtextile products Textilef or ¢ hi | (Adult 3.84E 103 1.06200 1.53H 02
outdoor play structures | Children 2.3E 01 N/A 3.73H 02
FoamaLtomobile Ad_ult 3.01E 107 2.8%E 104 5.658 03
Children 1.81E 01 N/A 9.398 03
= livi Adult 1.86E 107 5.1%€ 104 1.26E 02
. . oam fiving room Children 1.81E 01 N/A 2106 02
Foamseating and bedding product Adult 3 5E 06 3 1 03 6.166 03

Mattress .
Children 4 .95 102 N/A 1.03E 02
Foami other (toy block) Adl_JIt 2.47F€ 07 7.0 104 2.24H 04
Children 9.0F& 01 N/A 4.00H 04
Roofingi lati Adult 8.87E 102 2.3E01 3.64H 03
Buil ding/construd conmginsuaton Children 1.27500 N/A 2.07H 02
insulation L Adult 5.92E 103 5.31E00 3.35H 04
Acousticceiling Children 8.4 102 N/A 1.526 03
. . . Adult 1.4 01 2.21E02 3.46H 01
\?vouoclj a:noTI elngr;nge/regl vc\)/or(])dsptroglulét; Woodflooring Children 221500 N/A 1.0%00
wood resin composites Wooden TVstand Adglt 9.3F D4 14500 7.758 02
Children 1.94E 101 N/A 1.28H 01

4936
4937
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4938 Table 5-16. Summary of Chronic Average Daily Doses oConsumerArticles Modeled with CEM 3.0

4939

COU Sub-category Consumer Exposure Lif &f Stage Exposure Dose (mg/kg/day)
Scenario Oral Inhalation Dermal

Carpetbackcoating Adult 2.48 105 4.66E 103 3.250 04
Children 1.81E 01 N/A 5.63H 04
Fabric and textile products Textile for outdoor Adult 3.06E 04 6.04E 102 1.29H 02
childrenods (cpigren 1.8 01 N/A 217602

structures
Foamautomobile Adult 9.8& 110 7.94E 07 5.6%1 03
Children 1.8IE 01 N/A 9.38E1 03
Foamliving room Adult 7.9CE 110 1.42%F 106 1.2&1 02
. . Children 1.8IE 01 N/A 2.10E1 02
FoamSeating and Bedding Product - oo Adult 14E 07 | 6.7E 05 6.145 03
Children 4,95 102 N/A 1.02E 02
Foamother (toy block) Adult 1.0%E 109 1.92E 106 2.2Fi 04
Children 9.0 101 N/A 3.88H 04
Roofinginsulation Adult 7.2CE 103 1.42E00 2.84H 04
Buil di n g /] constr ucd Children 1.0 01 N/A 1.66H 03
insulation Acousticceiling Adult 2.45 104 1.15= 01 1.136 05
Children 3.5CE 103 N/A 5.91H 05
Building/constr ud Woodflooring Adglt 1.92E 103 1.24E00 2.386 01
wood and engineer Children 2.08E 01 N/A 3.89H 01
wood resin composites Wooden TVstand Adylt 1.26E 105 8.0% 103 7.688 02
Children 1.81E 01 N/A 1236 01
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Table 5-17. Summary of Lifetime Average Daily Doses ofConsumerArticles Modeled with CEM
3.0

Consumer Exposure Exposure Dose (mg/kg/day)
Sl Slzesisgey Scenario Oral Inhalation Dermal

Carpet back coating 20E 102 |6.0E& 103 1.56H 05
Fabricandtextile products Textile for outdoor 0 0 0

childrerfs outdoor play

structures

Foam automobile 2.0lE 102 |1.0%E 06 7.628 05
product Mattress 1.7EF 102 | 8.7& 105 8.34H 05

Foami other (toy block) | O 0 0

. . Roofing insulation 1.7E 102 | 1.8400 3.31H 04

Buil ding/const
insulation Acoustic ceiling 5.8 04 | 1.4& 01 1.13H 05
Buil di ng/ const | Woodflooring 2.47E 102 1.6CE00 4.90H 03
wood and engineered wood Wooden TV stand 2.0lE 02 | 1.05E 02 1.03E6 03
products 1T woo

5.1.2.4 Weight of the Scientific EvidenceConfidencefor Consumer Exposure
The overall exposure confidence for the various consumer scenarios ranged from slight to moderate
Low confidence in the exposure estimates were mainlyaldata uncertaintiednformation orarticle
weight fractionwas sparseandit was unclear whether many of the literature values were still relevant
for articles used today. EPA considered a Wwoese approach to consumer weight fraction and varied
this parameter in the sensitivity analysis as reportégppendixH.4.6 (Consumer Exposure)
Informationon exposure scenasde.g.,mouthing durationsuse durationdrequency of contacts per
day) were also limitedFurthermorelimited monitoring data ereavailable to corroborate tmeodeled
consumer exposure estimates and validate current use of TCERsummer articledn addition, there
are uncertainties related @M 3.0modeling approaches.g, deterministic vsstochastic approaches,
background concentrations, assumptions for dermal absorption parameters).
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4955 Table 5-18. Weight of the Scientific EvidenceConfidencefor Chronic Consumer ExposureModeling Scenarios

Consumer : . .
" ' Confidence in UserSelected Varied Input$§
Condition of Use Confidence [COMidence P | Overall
. in Model Monitoring
in Model Default | Densit Use | Weight | Room of DL Data Exposure
Category | Subcategory| Form Used Valued Used’y Duration® Fract?onf Use | Kp. Fabs, Confidence
Mouthing"
Carpet back | Article ++ +++ ++ +++ ++ +++ + Limited Moderate
coating
Fabric and | Textile for Article +++ + ++ ++ ++ ++ ++ Limited Moderate
textile outdoor
products | childrerts
outdoor play
structures
Building/ Roofing Article ++ ++ + N/A + +++ + None Slight
construction| insulation
materialsi | Acoustic Article + ++ + N/A + ++ + Limited  |Slight
insulation | ceiling
Foam Article +++ +++ ++ ++ ++ +++ + Limited Moderate
automobile
Foam Foam living | Article +++ +++ ++ +++ ++ +++ ++ Limited  |Moderate
seating and | \om
bedding ; ,
product Mattress Article +++ +++ ++ +++ +++ + None Slight
Foamother Article +++ +++ ++ ++ + +++ ++ None Slight
(toy block)
Building/ | Wood flooring| Article +++ +++ ++ +++ + +++ None Slight
constructionl\ygoden TV | Article e+ e+ ++ ++ + e+ Limited Moderate
materialsi | giang
wood and
engineered
wood
productsi
wood resin
composites

a2Confidence in Model Used considers whetimeidel has been peer reviewed, as well as whether it is being applied in a manner appropriate to its des
objective. The model used (CEM 3.0) has been peer reviewed, is publicly available, and has been applied in a manntr éxeosieds assated with
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Consumer . . .
o . i Confidence in UsefSelected Varied Input$
Condition of Use Confidence Qonfldence P . Overall
. in Model Monitoring
in Model Default | Densit Use | Weight | Room of perimal Data Exposure
Gy | Susesegeny) o Used | Valueg Usedy Duration® Fract?onf use | KP I;absa Confidence
Mouthing

uses of household products and/or artidésdium was selected for the canreick coating scenario and a roofing insulation scenario because of uncertg
surrounding the barrier layers. Low was selected for acoustic ceiling becavsettiCEM scenario was Drywaland these products have different produ
characteristics.

bConfidence in Model Default Values considers default value data source(s) such as building and room volumes, intetatioalraéesj and air exchange
rates. Tlese default values are all central tendency vallesnfe an or medi an v al Exssire RaasrHandmh.5.rEBAN20ELR A §
(U.S. EPA, 2017x Low was selected for outdoor play structures, as there were uncertainties on the area volumes related to this scenario.
¢Confidence in UseBelected Varied Inputs considéing quality of their data sources, as well as relevance of the inputs for the selected consumer con
use.

dDensityUsedwas primarily based on gray literature values available for product descrigtiéas.

¢Use Duration is primarily sourced from tBeP A Bxposure Factors Handboaind by thgudgmentof theexposureassessor.

"Weight fraction of TCEP iarticles wassourced fronthe available literature and database values.

9Room of use (zone 1 in modeling informedby professiongludgmentof the exposure assessor based on the article sceHagioeasonableness of these
judgmens is considered in the reported confidence ratings.

"The dermal permeability coefficient gkused (0.022 cm/hr) and fraction absorbed (Fabs) used (35.1%) was derived from a study of TCEP tested on
vivo skin (Abdallah et al., 2016 Frequency of mouthing (Low, Medium, High) was estimated using the asgesgonentwhen consideng the exposure
scenariolLiterature values overrid@2000 CEM 3.0defaultvalues for fraction absorbed.

"+ + + Robust confidence suggests thorough understamditige scientific evidence and uncertainties. The supporting weight of the scientific evidence
outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effestpmstinestimate.

++ Moderateconfidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidehaganegthe
uncertainties is reasonably adequate to characexjzesuresstimates.

+ Slight confidence is assigned whthe weight of the scientific evidence may not be adequate to characterize the scenario, and when the assess
the best scientific assessment possible in the absence of complete information. There are additional uncertaintiesetiab rheypnsidered.
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5.1.2.4.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertaintior
the Consumer ExposureAssessment

EPA recognizes the need to incluateuncertainty analysis. One important distinction for such an
analysis is variability . uncertaintyy both aspects need to be addressed. Variability refers to the
inherent heterogeneity or diversity of data in an assessment. It is a quantitative desifrtheaiange
or spread of a set of values and is often expressed through statistical metrics, such as variance or
standard deviatiorwhich reflect the underlying variability of the data. Uncertainty refers to a lack of
data or an incomplete understandaidhe context of the risk evaluation decision.

Variability cannot be reduced but can be better characterized. Uncertainty can be reduced by collecting
more or better data. Quantitative methods to address uncertainty inclugeobabilistic approaches

such as sensitivity analysis and probabilistic or stochastic methods. Uncertainty can also be addressed
gualitatively by including a discussion of factors such as data gaps and subjective decisions or instances

where professional judgment was used.

Uncertinties associated with approaches and data used in the evaluation of consumer exposures are

described belowA sensitivityanalysis was conducted ftire following COUs to understand thigivers
for the inhalation, ingestion, and dermal estiméieble5-19).

Table 5-19. Sensitivity Analysis for Chronic Consumer Exposure Modeling Scenarios

ConsumerConditions of Use User-Selected Varied Inputs®
Consumer Initial SVOC Mouthing | Surface |Events Results
Subcategory Exposure | Concentration in | Duration Area of per
Scenario | Article (mg/cm3) ®| (min) ¢ | Article (m?) |day (n)

Fabricand Textile for 4.03 High T T Mouthingdurationis
textile products outdoor 0.93 (8.4/7/10) a driver ofingestion

childrerts play|0.30 Low exposures

structures (2.3/3.65/5)
Building/ Roofing 0.594 T T T SVOCconcentratior
construction  |insulation 0.180 is a driver of
materialsi 0.06 inhalation
insulation exposures
Building/ Wood flooring| 30 | 211 10 SVOC concentratio
construction 12 105 5 is a driverof dermal
materialsi exposures
wood and Surface area of the
engineered articleand Events
wood products per day (njnfluence
T wood resin thedermalexposure
composites estimates
@User selected inputs were varied for each of the listed consumer exposure scenarios
® Initial SVOC concentration in article is a function of the product weiglation and article density.
¢ The high mouthing duration defaults in CEM 3.0 were 10 min/event fimfant (<1 year of age), 7 min/event for
an infantagedli 2 years, and 8.4 min/event for a chiidb3/ears. EPA modified the mouthing durations to 5
min/event forinfants <1 years, 3.65 min/event far2lyears, and 2.3 min/event for childrérb3/ears to test the
sensitivity of this parameter.
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A clear finding of the sensitivity analysis indicated that the initial SVOC concentration (a product of the

density and weight fraction) was a significant driver in the inhalation and dermal exposure estimates for

all scenarios. The initial SVOC concentoatwas also relevant for the ingestion estimate for the
inhalation scenario, likely because there was no estimate for direct mouthing of thisG@bing
duration is an important driver ofFoifulgesilsbon on
the sensitivity analysis please refeogpendix I(Consumer Exposuse

In the absence of parameter information from the literature, iES@Ascientific judgement to select
parameters for consumer modeling. There are uncertainties associated with any scientific judgment. T
Draft Risk Evaluation for Tris@hloroethyl)PhosphatéTCEP)i Supplemental Information File:
Consumer Exposure Modedjinnputs(U.S. EPA, 2023kcprovides a full list of parameters and

description of rationale as to why certain parameter values were selected.

Weight Fraction

The keyuncertaintyin theconsumer exposures assessmedthe availability ofrelevantarticle weight
fractions dataThe Ecology Washington databagsas the main source of weight fraction information
for the fabric, textileand leather products scenaridbe 1.3percentweight fractionfor Textiles in
outdoor play structures was baseda value from the Washington &#&atabaserherethe maximum
weight fraction of 67rticleswas 1.3percent(\WSDE, 2023. Of the 67 articles there were only 2 that
contained TCEP. The otharticlehadalevel of TCEP of 0.percent Additionally, the database
indicated four detects of TCEP in carpet padding and rug mats (ranged frota 0.02percen}. This
illustrates the limited data availability of weight fraction information forfeieic andtextile products
scenario.

The building and construction products scenagig,(insulation, acoustic ceiling, wood resin products)
relied on old, foreign literature values frangerowski et al. (20013s cited iISCHER (2012)

Anecdotal information from the literature suggested T@E#esenin theseproductsbut did nothave
specificinformation on weight fraction and article concentrations.

Values fromFang et al. (2013)ere used testimate weight fractions for foam seating and bedding
products. There are uncertainties in these estinhatesuseoncentrationsf V6 (a dimer of TCEP)

were utilized in determining a TCEP weight fraction. This study measured aCERercentasan

impurity in V6, and hence this proportion was used to estimate weight fractions of foam seating and
bedding producté-anget al., 201} There are uncertainties associated with how much TCEP is present
as an impurity in V6.

TCEP in articles are na@aptured in CDR or Datamymatabases, d3atamyne does not include
articles/products againing the chemical unless the chemical name is included in the descijzzau

on descriptions provided on the bills of | adi
imported as the chemical (not in an identified producirticle from 2012 to 2020This limitation

further illustrates the difficwtin obtaining current concentrations and weight fractions of TCEP in
consumer products.

Duration and Frequency of Contacand Mouthing

For the carpet back coating scenanml wood flooring scenaria literature value indicated that
children under 12 years old spend 19 hqasdayindoors EFH 201). It was assumethatthe
frequency of contact per day was 5 evdatarpet and 10 events for floorirend that the area
mouthed was 10 chmlt should be noted thatése values amnservative assumptistior duration and
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5027 frequency of contadi.e., typical frequency may be less than these estimabg)dermal exposure

5028 estimates are sensitive to the frequency of eyegrtslay parameter.

5029

5030 A further limitation for the carpet back coating and insulation scenario is the presence of a boundary
5031 layer(e.g.,top of the carpedrywall in between insulation and living spacetween the TCEP

5032 containing material and thpotentally exposechuman €.g, infant, child adult). CEM 3.0 usean

5033 overall mass transfer coefficient that is empirically estimated from an equation based on the AMEM
5034 guidance (the complexity of individual phase mass transfer is subsumed into an overall mass transfer
5035 coefficient that is either measured or estimated faoregression equation based on assorted chemical
5036 measurementsplthough CEM 3.0 does not explicitly consider a boundary layer maseling, this

5037 does not mean that the model does not attempt to capture this complexity. Nevertheless, it is an

5038 uncertaity associated with the consumer modeling for the scenarios where a boundary layer would be
5039 expected. The modelimgsconductedsuggests that the TCEP would migrate to the surface of the carpet
5040 from the back coating componentstloe dust particles wouldigrate from the insulation behind the

5041 drywall to the living area.

5042

5043 Oral ingestion estimates are driven by mouthing of articlesxfants ancthildren. A sensitive

5044 parameter driving these estimates is the duration of mouthing parameters. The recomstandeste

5045 from CEM 3.0 are 8.4 min/hr, 7 min/fand 10 min/hr for young childreaded3i 5 years), infants (2

5046 years)and infants (<1 yearjespectively.

5047

5048 Trends andMonitoring Data

5049 The paucity of monitoring information related to the consumer COUs makes it difficult for EPA to have
5050 confidence in whether the consumer articles are nationally representative. Moreover, the decreasing
5051 trend of TCEP use, seen in the production volume atadaenvironmental monitoring dataupled with

5052 the understanding that many manufactures have replaced TCEP with alternatives in their products, build
5053 more uncertaintaboutthe relevance of the consumer modeling to current consumers.

5054

5055 A systematiaeviewof the peetreviewed and gray literature revealed that there is limited information
5056 related to weight fractions of TCEP in consumer articles. No SDS were available for TCEP in consumer
5057 products. For the limited monitoring and experimental literature thatawvailable, it is unclear how

5058 relevant the concentrations of TCEP at the time of sampling is related to consumer articles that are
5059 produced today.

5060

5061 In 2013, the State of California amended Technical Bulletin 117, a residential upholstered furniture
5062 flammability standard that was first implemented in 1975. difiginal TB 117 required interior filling

5063 materials of upholstered furniture to withstand exposure to a 12 second small opethitgasmeall

5064 flame impingement test, a one second flame, and theflzmea test). Tts was replacedvith a smolder

5065 resistance test, which tests a lighted cigarette on the fabric outside of thie @b TB 1172013 is

5066 of significance to consumer articles, particularly fabric and textiles, and foam seating and bedding
5067 products, as article manufacturers no longer are required to meet the stringent flame standards of TB
5068 117.Flame retardant concentratiomsthese articles are expected to decrease following this chimge.
5069 available monitoring and experimental data on TCEP used in this consumer assessment was gathered
5070 pre2013(Table5-20).

5071
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of Sampling Date for TCEPWeight Fraction Data

COU Subcategory

Weight Fraction Selected

Source

Sampling Date

materialsi wood and
engineered wood
productsi wood
resin composites

TV stand

Fabric and textile 1 0.02% carpet backoating Ecology Washington 2012
products T1.3% fabric i n|databas¢ NSDE, 2023
structures

Foam seating and 1 0.51% furniture foam Fang et al. (2013) 20092011
bedding products 1 0.74% auto foam

9 0.64% toy foam blocks
Building/construction| § 1.98% insulation Ingerowski et al. (2001)| <2001
materials’ insulation | q 6.8% acoustic ceiling
Building/construction| § 3% hardwood floors, wooden | (SCHER, 201}p 1997

alonas et al. (2014)id provide more recent (2007) data on TCEP in woodab®gs0004%. However, due to the
recent evidence suggesting TCEP usedoden TV stangl and because TB 122013 is relevant for upholstered
foam and furniture materials, EPA selected a weight fraction of 3% for consumer modeling.

5073

5074
5075
5076
5077

Due to the limited iformation available on article weight fractions, EPA was unable to select a range of
weight fraction for each of the COUSs, and rather proceeded to assess consumer exposures to TCEP
containing articles with a single discrete weight fraction value pereasgigenario. Additional sensitivity
analysis varying the initial SVOC concentration in the article was conducted to help characterize the

5078
5079
5080
5081
5082
5083
5084
5085
5086
5087
5088
5089
5090

results Table5-19).

lonas et al. (2014stratified their data omCEPin toys bytime of manufacture (beforendafter 2007
when the REACH reguliin went into force). Pr2007, TCEP was detecteith 32 percent of 63
childrens toys whereas pe&d07 TCEP was detectau22 percentof 51 childrens toyd\Nevertheless,
consumer modeling was conducteith possible weight fractions to understand the i exposure
of such products ifurnishings andhe built consumer environment.

Table5-21 summarizes the indoor air and indoor dust monitorirtg teat was available in thenided
States For a description of statistical methods, methodology of data integratidrireatment of nen
detects and outliers used to generate these estjiplase sethe Supplemental Information File:
Environmental Monitoring Concentrations Reported by Media Typ®. EPA, 2023)y
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Table 5-21. Summary of Indoor Monitoring Data of TCEP from U.S. Studies

Location Count of Estimates Average of Average of
Matrices Tvpe from Studies Unit Fraction | Arithmetic | 90th Percentile

yp Containing U.S. Data Estimates Estimates

Publicspaces 1 ng/m? | Particulate 2.0E00 4.6E00
Indoor Air : :

Residential 1 ng/m® | Vapor/gas 9.5E00 2.1E01
Publicspaces 1 ng/g | Dry 8.2E02 1.9603
Indoor Dust | Residential 9 ng/g | Dry 1.1E03 2.2E03
Vehicles 1 ng/g | Dry 4.2E03 8.9E03

The maximum SVOC air concentration®B82mg/n? for the insulation condition of use is five orders
of magnitude higher than thet@@ercentile estimate of indoor residential air concentrations found in
one US. study (2.%10 ° mg/n?) (Dodson et al., 20)7The maximum respirable portion dust
concentration oi1.13 pug/mg (L.1x10" ng/g) is four orders of magnitude higher than thef9percentile
estimate of residential indoor dust concentrations amarglJ.S. studies (2.210° ng/g).

Modeling ApproachUncertainties

CEM 3.0 is a deterministic model where the outputs are fully determined by the choices of parameter
values and initial conditions. Stochastic approaches feature inherent randomness, such that a given set o
parameter valuesnd initial conditions can lead to an ensemble of different model outputs. The overall
approach to the CEM modeling is intended to capture a range -ofddwghintensityuser exposure

estimates by varying only a limited number of key parameters thia@sent the range of consumer

product and use patterns for each scenario. A limited set of parameters were varied in the sensitivity
analysis described ifiable5-19. Since not all parameters were varied, there is uncertainty regarding the
full range of possible exposure estimates. Although these estimates are thought to reflect the range of
exposure egtnates for the suite of possible exposures based on the varied parameters, the scenarios
presented are not conasaed eals btoluenrdeé nayr @ ruMmwanmisd
identified as sensitive inputs held constant at a central tengteacly u e . Because EPAOGSs
deterministic approach involves choices regarding highly influential factors such as weight fraction and
mouthing duration, it likely captures the range of potential exposure levels although it does not
necessarily enable clzanterization of the full probabilistic distribution of all possible outcomes.

CEM 3.0 has a set of predefined consumer expasgearioghat do not always line up with the

conditions of use. For example, the CEM scenario utilized for consumer expmsarpet back coating
wasFabrics: curtains, rugs, wall covering$ere are uncertainties on how TCEP migrates from carpet

back coatings to the surface of carpets and rugs. The literature describes that triphosphate esters such as
TCEP have Oéebnltoioamiébn gwhpioctch refers to the ability
plastic material to the outer surface after cu(@@HER, 201} Furthermore, the study fro@astorina

et al. (2017has indicatedhat TCEP levels in dust are significantly associated with the presence of
extremely worn carpetsuggesting thaiCEP can be sampled in the dust from carpets and make it to

the surface.

Background levels of TCEP in indoor air and indoor dust are not considered or aggregated in this
assessment; therefore, there is potential for underestimating consumer expostiresnbre,
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consumer exposures were evaluated on a COU specific basis dradeden the use of a single
consumer article, not multiple articles in the indoor environment.

There are uncertainties regarding the use of the@5cdentdermal fraction akorption (Fabs) parameter

for the consumer dermal exposure estimates. This is the@4value for fraction absorbed from
Abdallah et al. (2016 EPA cannot assume that consumers would immediately wash their hands

following contactwith consumer articles. Therefore, it was assumed that the dose that deposited on the
skin during exposure to a consumer article would remain on the skin until the skin was eventually

washed. While the duration of interaction with materials that contalBPTmay be shorter than the
duration that was tested in the dermal absorption siuelya 24hour exposure), EPA decided to use
the 35.1percentfraction absorption value frovbdallah et al. Z016) due to uncertainties related to
consumer hanavashing behaviors.

5.1.3 General Population Exposures

T

EPA evaluatedhereasonably available information for the following genergulation exposures
the key points of which are summarized below

TCEPT General Population ExposuregSection5.1.3):
Key Points

Oral ingestiorfor subsistence fishers had the highest exposure estimates (2.17 noyksb
day) among all route3he highest subsistence fishing exposure estimates were for the
incorporation into paints and coatirigeesins/solvenborne OES.

The hypothetical scenario atchild playing in mud near a facility releasing TCEP to the
ambient air resulted in the highelermal exposures at a maximum of 7.97 mglayg foruse
of paints and coatings at job sites OES. Estimates for a child conducting activities with s
(2.12¢10 ® mg/kg-day) and incidental soil ingestion (138 * mg/kg-day)were calculated.
Paints and @atings was the only OES for the children playing in mud scenario with MOE
below the benchmark for nesancer as described in Sect®i.2.3

The highest inhalatn exposure concentrations were for ke of paints and coatings at job
sites OES at a central tendency estimate of<4.86 and a 9% percentile of 8.2210'°

pg/me.

Exposure estimates for drinking watem-dilute from surface watefl.46x10 4 mg/kg-day)
were highest for theormulation of TCEP containing reactive resins OES.

Children in fenceline communities and subsistence fishers are WE©8ay have elevated
exposure to TCEBompared to rest @feneral populatin due to industrial and commercial
environmentafeleases.

General population exposures occur WREEPIs released into the environment and ¢hgironmental
media is then a pathway for exposusection3.3 provides a summary of the monitoring, database
modeled data on concentrations of TCEP in therenment.Figure 5-4 below provides a graphic

representation of where and in which meb@EPis estimated to be found and the corresponding route

of exposure.
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Ambient Air : léandf_illls Drinking
Inhalation ( ';4 ustrial I°’ Wastewater Water
uncipal) Facility Treatment
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Oral, Dermal

Figure Legend

_______ > Negligible - Partitioning/Transportation

.

> Low/Slow

|:] Transformation/Degradation

$ Moderate
— High/Fast/Strong
— Very High/Rapid/Strong

Figure 5-4. Potential Human Exposure Pathways to TCEP for the General Populatich
@ The diagranpresents the media (white text boxes) and routes of exposure (italics for oral, inhalation, or dermal)
for the general population. Sources of drinking water from surface or water pipes is depicted with grey arrows.

- Wastewater Facility

This diagram pairs witkigure2-1 depicting the fate and transport of the subject chemical in the
environment.

5.1.3.1 Approach and Methodology
TCEPis used primarily as an additive flame retardard variety of materialSTCEPhas been detected
in the indoor and outdoor environment and in human biomonitoring indicating that some amount of
exposure is occurring in some individuals, although exposures likely vary across the general population.
SeeSection3.3andDraft Risk Evaluation for Tris(Zhloroethyl) Phosphate (TCEP)Systematic
Review Supplemental File: Data Extraction Information for General Popuala€Consumer, and
Environmental Exposur@).S.EPA, 2023 for a summary of environmental and biomonitoring studies
whereTCEPhas been detected.
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5163 Releasesf TCEParelikely to occur through the following mechanisms: diffusion from soyigaes
5164 phaseandpartide-phase mastansfer, abrasion of materials to form small particulates through routine
5165 use, and direct transfer from articles to dust adhered to the article surface. Releases of flame retardants
5166 to the outdoor environment may occur through direct retctmsevater land,and air as well as indirect
5167 releases from the indoor environment.

5168

5169 For a more detailed discussion about indoor SVOC exposurgafa¢ransport in the indoor

5170 environment, please s&ection2.2.2

5171

5172 Exposure to the general population was estimatethéindustrial and commercial releases Q&S
5173 Table3-3illustrates how the industrial and commercial releases to the environmental medidyarie
5174 OES

5175

5176 Modeled air concentrationSé€ction3.3.1.9 were utilized to estimate inhalation exposufe4.3.9 to
5177 the generapopulation at various distances from a hypothetical facMiydeled surface water

5178 concentrations (Sectidh3.2.9 wereutilized to estimate oradrinking water exposures, oral fish

5179 ingestions exposures, incidental oral expos(Bestion5.1.3.9, and incidental dermal exposures

5180 (Section5.1.3.3 for the general population. Modeled groundwater concentrations (S8c3i@nj,

5181 were also used to estimate oral drinking water expo$8exgtion5.1.3.9 to the genergbopulation.

5182 Modeledsoil concentration§Section3.3.3.9 via depositionwere used to estimatermalandoral

5183 exposuregSectionss.1.3.3and5.1.3.9 to childrenwho play in mud and othectivities with soll

5184

5185 Exposures estimatéom industrial and commercial releases of TCEP were compaeptisure

5186 estimates fronmon-scenario specifimonitoring datdo ground truth the resul{e.g.,indoor dust

5187 exposures)Table5-22 summarizes the environmental media monitoring data that was available in the
5188 United States For a description of statistical methpdsethaology of data integration and treatment of
5189 nondetects and outliers used to generate these estiplats® sethe Draft Risk Evaluation for Tris2
5190 chloroethyl) Phosphate (TCER)Supplemental Information File: Environmental Monitoring

5191 Concentrations Rapted by Media Typ€J.S. EPA, 2030).

5192

5193 Table 5-22. Summary of Environmental Monitoring Data of TCEP from the Literature for U .S.

5194 Studies

Count of Estimates Average of | Average of
Matrices Location Type from Studies Unit | Fraction | Arithmetic |90th Percentile
Containing U.S. Data Estimates Estimates
Environmentamedia
Ambient Air | General Populatior 6 ng/m? Any 1.3601 2.58 01
Drinking Water| General Populatior 1 ng/L Any 4.9e00 9.5E00
Sediment General Populatior] 1 ng/g Dry 2.3200 4.1E00
Surface Water | General Populatior 5 ng/L Any 1.302 2.502
Treated Effluent 2 ng/g Wet 2.1E01 4.3E01
Wastewater
Treated Effluent 4 ng/L Wet 8.1E02 1.2E03
Ecologicalmedia

Aquatic Fish |GeneralPopulation 1 ng/g Lipid 1.0E01 2.5601
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Count of Estimates Average of | Average of
Matrices Location Type from Studies Unit | Fraction | Arithmetic |90th Percentile

Containing U.S. Data Estimates Estimates
Terrestrial General Populatior 2 ng/g Wet 5.3E00 9.7E00
Birds
Terrestrial Remote 1 ng/g Wet 1.3e02 2.2E02
Plants

Humanbiomonitoring

Human Hair | General Populatior] 2 ng/g Dry 2.7E02 4.2E02
Human Nails |General Populatior 1 ng/g Dry 6.3E02 1.4E03

Figure5-5 depicts thalirect andndirectmethodsEPA usedto estimategeneral populatioexposures
The direct assessment used environmental release estimates that were relatedusttiz and
commercial OESgeeSection3.2). Release estimates were used to model ambient air concentrations
(see SectioB.3.1.3, surface wateconcentrationgsee Sectio3.3.25), soil concentrationsée Section
3.3.3.2, and groundwater concentrations as a regu#ndfill leachatgsee Sectio.3.3.7. EPA
modeledestimatedor the environmental media were used to estimate inhalation, dermal and ingestion
doses for various anticipated scenarimg (childrens dermag¢xposurdo soil, fish ingestion for the

general population, drinking watagestion exposurelrurther information on the assessed exposure

scenariogs presented in the individual sections below. In addjtEelRA estimated exposure doses using

an indirect estimation methada reverse dosimetrgée Sectio®.1.3.5. Furthermoret o

trut ho

help

tthb reponteetrsvicohntestal monitoringnd reported modelathta {.e., TCEP
concentratiorand dosef dietary sources, dust, soil, ambient air, indoor air, antacewater) were
compared againsthe exposureestimates calculated from the direct assesspedterns.
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Figure 5-5. Direct and Indirect Exposure Assessment Approaches Used to Estimate General
Population Exposure toTCEP

For each exposure pathway, central tendency anddmdbxposuresvere estimatedc P A @usdelines

for Human Exposuréssessmerdei ned central tendency exposures
the middle of the distr i matesapplytodostindividualsimthet i ci p a
United States. Hige nd exposure estimates are defined as ¥
those individuals at the upper end of an exposure distribution, the intent of which is to convey an
estimate okexposure in the upper range of the distribution while avoiding estimates that are beyond the
true distribution. o It is anticipated that thes
may live near facilities with elevated concentrations
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5.1.3.1.1 General Population Exposure Scenarios
Figure5-4 provides an illustration of the exposure scenarios considered for general population exposure.

Ambient Air Exposure Scenarios

The Ambient Air Methodology utilizing AERMOD evaluated exposurelsuiman populationat eight

finite distances (10, 30, 60, 1a0000,2,500, 5,000, and 10,000 m) and one area distance (100 to 1,000
m) from a hypothetical releasing facility for each OB8man populationfor each of the eight finite
distances were placed in a polar grid every 22.5 degrees around the respective digtahioes results

in a total of 1@8nodeled exposure poingsound each finite distance ring for which exposures are
modeled Figure 5-6 provides a visal depiction of the placement exposure pointaround a finite

distance ring. Although the visual depiction only shewgosure poiniocations around a single finite
distance ring, the same placement occurred for all eight finite distance rings

Exposure Points around each Finite Distance Ring
Releasing Facility
225°
60 m
10 m 100-1,000 m
100 m
Location of
1000 m 10,000 m Exposed
2,500 m .

Individual

Figure 5-6. Modeled Exposure Pointsfor Finite Distance Ringsfor Ambient Air Modeling
(AERMOD)

Modeled exposure pointer the area distance evaluated were placed in a cartesian grid at equal
distances between 200 and 900 m around each releasing facility (or generic facility for alternative
release estimate€ixposure pointsvere placed at 10fheter increments. This rd&iin a total of 456
pointsfor which exposures are model&digure 5-6 provides a visual depiction of the placementhaise
exposure pointgeach at) around the area distance ring.

Although the ambient air is a minor pathway for TCEP, the general population may be exposed to
ambient air concentrations and air deposibenause of CEP releasefelevant exposures scenarios
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considered in thidraftrisk evaluation include ambient air inhalation parpulationdiving nearby
releasingacilities, and ingestion and dermal exposure of soil to children result of ambient air deposition
from a nearby facility.

Soil Exposure Scenarios

Air deposition fluxe from AERMOD were used to estimate soil concentrations at various distances
from the hypothetical facility for each OESegSection3.3.3.9. Oral ingestion and dermal absorption
exposure estimates soil were calculated for children agedd6 years. Ingestion estimates were
calculated for a central tendency and high intake @ermal absorption estimates were calculated for
two exposure scenarios: a child playing in mud, and a pbiftbrmingactivities with soil.

Water Exposure Scenarios

TCEP isexpected to be found predominantly in water or &#lction3.3.2.5provides modeled

estimates of TCEP in surface water due to release of TCEP to water. 3ettignmovides model

estimates of TCEP in surface water due to air deposition to surface waters. $&c8dafprovides

modeled estimates of TCEP in groundwater due to estimated migration from landfill leachate. Each of
these estimates were used to calculate an exposure dose from drinking water for the general population.
Additionally, modeledsurface water concentratiorseéSection3.3.2.5 wereused to calculate a dermal
exposure estimate from swimming, incidental ingestion estinfraiesswimming, fish ingestion

exposure

5.1.3.2 Summary of Inhalation Exposure Assessment
Modeled anbient airconcentrations for various distances from a hypothetical facility for each COU are
presented in Sectich3.1.2 Figure5-7 below is a graph of the inhalation concentration by distances for
the low production volume (800 Ib'yean low-end anchigh-end estimateby the central tendency and
high meteorology datd.he xaxis is in log scale of distances in meters and thriyis in log scale of
the 5@h percentile concentrations in ppm.
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Low Release (2500 Ibs) Low Release (2500 Ibs)
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COMS3 refers to Use in paints and coatings at job sites.

IND refers to Use of Lab Chemicals.

MFG refers to Repackaging of Import Containers.

PROC-article refers to Processing into 2-part resin article.

PROC-resin refers to Incorporation into paints and coatings - resins/solvent-borne.

PROC-waterborne refers to Incorporation into paints and coatings - waterborne coatings.

PROC-reactive refers to Formulation of TCEP containing reactive resin.

Figure 5-7. General Population Inhalation Concentrations ppm) by Distance (m) inLog Scale

w
=]

1.0 1.5 2.0 25

Table5-23 below indicates the ambient @oncentrationsit one distance (10@) for each of the OES.
For a full set data for all distancpkease seAppendix H
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5281 High-End ReleaseEstimate for all COUs at 100 m, Suburban Forest.and Category Scenario
Concentration (ppm) by Percentile
OES* Meteorology Source
10th 50th 95th
sites MetHIGH FUG_U 8.77H 06 3.08H 05 | 8.21H 05
_ MetCT ALL 1.51H 08 2.04H 08 | 3.33H 08
Useof laboratory chemicals
MetHIGH ALL 1.16H 08 2.24H 08 | 3.32H 08
o _ MetCT ALL 1.50H 10 3.88H 10 | 9.12H 10
Repackaging oimport containers
MetHIGH ALL 2.348 10 4.39H 10 | 1.12E 09
o o MetCT ALL 1.48H 08 1.93H 08 | 2.70H 08
Processing into-part resirarticle
MetHIGH ALL 9.46H 09 1.96H 08 | 2.72H 08
coatingsi 2-part reactive coatings | MetHIGH ALL 3.46H10 | 2.29H09 | 1.11H 08
coatingsi 1-partcoatings MetHIGH ALL 4.00H 09 1.356 08 | 3.51H 08
reactive resin MetHIGH ALL 373610 | 2526809 | 1.21H 08
@ Table3-3 provides a crosswalk of industrial and commercial COUs tosOES
5282 5.1.3.3 Summary of Dermal Exposure Assessment
5283 5.1.3.3.1 Incidental Dermal from Swimming
5284 The general population may swim in affected surface waters (streams and lakes) that are affected by
5285 TCEP contamination. Modelesdrface water concentrations from EFAST 2014 were used to estimate
5286 acute doses and average daily ddmEnus®f dermalexposue while swimming.
5287
5288 The following equations were used to calculate incidental dermal (swimming) doses for all COUs, for
5289 adults, youthand children:
5290
5291 Equation 5-11
e . YO 0 YO OYOP 00
5292 00Y —
0w
5293
5294 Equation 5-12
e Yoo v YO OY'YO OYOP 00©
5295 000 RV D)
Ow O0YOoO©®
5296
5297 Where
5298 ADR = Acute Dose Rate (mg/kday)
5299 ADD = Average Daily Dose (mg/kday)
5300 SWC = Chemical concentration in water (ug/L)
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Permeability coefficient (cm/h)
Skin surface area exposed @m
Exposure time (h/day)
Release days (day=/g)
Exposure duration (years)
Body weight (kg)
Averaging time (years)
Conversion factor (1.0 2 mg/ug)
Conversion factor (110 3 L/cmd)
Conversion factor (365 days/year)

A summary of inputs utilized for these exposure estimates are providggendix H

EPA usedhe dermal permeability coefficieri) (0.022 cm/hderivedby Abdallah et al. 2016)from
theirin vitro studythat measure@CEPabsorption througkxcisechuman skin

Table 5-24. M odeledIncidental Dermal (Swimming) Dosedor all COUs for Adults, Youths, and
Children, for the 25001b High-End ReleaseEstimate

Surface Water - . . .
Concentration Adul t ( O2 Youth (11i 15 years)| Child (6110 year9
OES* 30Q5 H?\;Imon'c ADRpor | ADD | ADRpor | ADD | ADRpor | ADD
ean
Conc. Conc (mg/kg- | (mg/kg- | (mg/kg- | (mg/kg- | (mg/kg- | (mg/kg-
(hg/L) ) day) day) day) day) day) day)
(HglL)
Repackaging ofmport|862.129 [1,366.528 |1 . 39 E6. 02E1. 06 H4. 6 1E6. 44H2. 80H
containers
Incorporation into 3,819.444/5912.114 |6 . 14E2. 6 1H4. 7082. 0O0OH2. 858F1. 21H
paintsandcoatingsi
1-partcoatings
Incorporation into 3,462.800/5,360.066 |5. 57EF2. 36H4. 2781. 81H2. 5981. 108
paintsandcoatings
2-partreactive
coatings
Use inpaintsand 2,029.305/3,216.574 |3 . 26 1. 42082. 501. 09E1. 52F6. 58EH
coatingsatjob sites
Formulation of TCEP |4,844.722/6,245.374 |7 . 79H2 . 7585. 97H2. 11E83. 62H1. 28H
containing reactive
resin
Use oflaboratory 34.555 |54.722 S55ETP241ET1 0 42619 1.8FE10 25130 112ET D0
chemicals

@ Table3-3 provides a crosswalk of industrial and commercial COUs to.OES

5.1.3.3.2 Incidental Dermal Intake from Soil
Dermalabsorbeddoses (DAD) were calculated for TCEP using the following formula:

Equation 5-13

Where

00 0

6 000006"Y YO

Oow

0w

0"Y
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Adherence factor of soil to skin (mg/émavent)
Dermal absorption fraction

Skin surface area

Events per day

Body weight

Averaging time

Modeled soil concentrations were calculated frorth @®rcentileair deposition (Sectio8.3.3.9 for
100 and 1000 m These calculations were conducted for@@\-paintsusescenario (LOW PV
2,500lb, HE-95th percentile releageThe dermal absorption fraction (ABSd) used was g&rtent
(Abdallah et al., 2016 The skin surface area for the arms (0.135 imands (0.03%?), legs (0.195 1)

and feet (0.049 A), and body weight (18.6 kg) of3a to 6-yearold was used from thExposure

Factors HandbookU.S. EPA, 2017 EPA usedwo different scenarios for the adherence factor of soil
to skin 96 mg/cnifor a child playing in muénd0.467 mg/crafor childrerds activity with soil With an
assumption obneevent peday andan averagingime of 2 days, the dermal exposure estimates for the
different scenarios were as follows:

Table 5-25. Modeled Soil Dermal Dosedor the Commercial Useof Paints and Coatings COU, for

Children
Exposure Distance 95th Percentile Soil Dermal Absorbed Dose
OES ) :
Scenario (m) Concentration (mg/kg-day)
_ Activities 100 1.14E04 3.88H 02
Use in with soil
fggg't‘giat Playingin | 100 1.14E04 7.97E00
mud 1,000 8.6301 4.368 01

5.1.3.4 Summary of Oral ExposuresAssessment
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5.1.3.4.1 Drinking Water Exposure

Figure 5-8. Concentrations of TCEP (ng/L) in Drinking Water from 1982 to 2014

A study of drinking watesystems in the hited Statesndicated a maximum of 470 ng/L and a median
of 120 ng/L of TCEP in finished water, and a maximum of 200 ng/L and a median of 140 ng/L in
distributed waters i8 out of 19 drinking water systems. The drinking water systemsectdld samples
from 19drinking water treatment plasfDWTPS9 across the bited States representing drinking water
for more than 28 milliomericang(Benotti et al., 2000

TCEP has been detected in tap water in Korea at a mean of 39.5 and a maximum of 87.4 ng/L as
recenly as 2017Park et al., 2013 Because the OPFR concentrations were correlated with the distance
of the pipe (bothfrom the water intake source toe drinking water treatment facilignd the drinking

water treatment facility to the sampling sitihis study has suggested that a possible source of OPFRs in
tap water were pipes. Pipe materials are known to promote the formation of disinfection by products or
biofilms (Park et al., 2013

Drinking Water Intake Estimates via Modeled Surface Water Concentrations

Modeled surface water corgeations seeSectionsl.1.1and3.3.2.5 were used to estimate drinking
water exposures. A fercentdrinking water treatment removal efficiency was used for the purposes of
this exposure estimation.

Drinking water intakes were calculated using the following foreaula

Equation 5-14 o
Yoo p 22Y oy vO 6
5 '0'Y pmI
ow 0°7Y
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