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EXECUTIVE SUMMARY

TSCA 86(b)(4) requires the U.S. Environmental Protection Agency (EPA) to establish a risk evaluation
process. Il n performing risk evaluations for exi
chemical substance presents an unreasonable risk of iajuealth or the environment, without

consideration of costs or other nosk factors, including an unreasonable risk to a potentially exposed

or susceptible subpopulation identified as relevant to the risk evaluation by the Administrator under the
cond tions of wuse. 0 | publBhedcadishdf@dhemacdl suBstaricés thatare the
subject of the Agency0s 8liFR 9182),ad requiredcbmTSCA8 r i sk e
6(b)(2)(A). Trichloroethylenavas one of these chemicals.

TSCA 8§ 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation todhgcteoh including

the hazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consideén June2017, EPA published the Scope of the Risk Evaluation for
trichloroethylend EPA-HQ-OPPT201607370057% U.S. EPA, 20171 As explained in the Scope

Document, because there was insufficient time for EPA to provide an opportunity for comment on a

draft of the scope, as EPA intendsib forfuturescope documents, EPA is publishing and taking public
comment on a problem formulation document to refine the current scope, as an additional interim step
prior to publication of the draft risk evaluation fachloroethyleneComments redeed on this

problem formulation document will inform development of the draft risk evaluation.

This problem formulation documengfines the conditions of use, exposures and hazards presented in
the scope of the risk evaluation tachloroethyleneandpresentsefinedconceptual models and
analysis plans that describe how EPA expects to evaluate tHerriskhloroethylene

Trichloroethylenealso known as TCEs a volatile organic liquid that is classified as a human
carcinogen. TCE is subject tmmerous federal and state regulations and reporting requiremethis

2014 TCE risk assessmdht.S. EPA, 2014); EPA assessed inhalatioisks from TCE in vapoand

aerosol degreasing, spot cleaning at dry cleaning facilities and arts and craftdiséso completed

four supplemental analysdased on these analys&fA published two proposed rulesamdress the

risks presented by TCE use in vapor degreasing and in commercial and consumer aerosol degreasing
and for spot cleaning at dry cleaning faciliti€€E is designated as a Hazardous Air Pollutant (HAP)
under the Clean Air Act (CAA), a regulatddnking water contaminant under the Safe Drinking Water
Act (SDWA), and a toxic pollutant under the Clean Water Act (CWA). TCE is widely used in industrial
and commercial processes.

Information on domestic manufacture, processing, use, and disposaEas Rvailable to EPA through

its ChemicalDataReporting (CDR) Rule, issued under the TSCA, as well as through the Toxics Release
Inventory (TRI) In 2015, approximately 172 million pounds of TCE was manufactured or imported in
theUSAnesti mated 83. 6% of TCEG6s annual producti on
manufacture of hydrofluorocarbon (HF34ai an alternative to the refrigerant CAQ). Another

14.7% of TCE production volume is used as a degreasing solvent, leaviogiaqgely 1.7% for other

uses, including consumer usBsised on 2015 TRI dgtanost reported environmental releases of TCE

are to air, with much lower volumes disposed to land or released to lWwaterxpected to be

moderately persistent in the enviroent and has a low bioaccumulation potential.

This document presents the potential exposures that may result from the conditions @iGiEe of

Exposure may occur through inhida, o r a | and der mal pat hways, due I
widespread presenaea variety ofenvironmerdil media Exposures to the general population may
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occur from industrial and/or commercial uses; industrial releases to air, water or land; and other
conditions of use. Workers and occupational-nears may be exposed to tricldethylene during a

variety of conditions of use, such as manufacturing, processing and industrial and commercial uses,
including uses in pairdgnd coangs, adhesives and degreasing. EPA expects that the highest exposures
to trichloroethylene generally inlwe workers in industrial and commercial settings. Trichloroethylene

can be found in numerous products and can, therefore, result in exposures to commercial and consumer
users in indoor or outdoor environments. For trichloroethylene, EPA considers wodcangational
norrusers, consumers, bystanders, and certain other groups of individuals who may experience greater
exposures than the general population due to proximity to conditions of use to be potentially exposed or
susceptible subpopulations. EPA veValuate whether groups of individuals within the general

population may be exposed via pathways that are distinct from the general population due to unique
characteristics (e.g., life stage, behaviors, activities, duration) that increase exagodwiesther

groups of individuals have heightersasceptibility, and should therefore be considered potentially
exposed or susceptible subpopulations for purposes of the risk evalkati@mvironmental release
pathways, EPA plans to further analyze surfaager exposure to aquaspeciesi(e. aquaticplantg in

the risk evaluation.

TCE has been the subject of numerous health hazard and risk assessments. TCE toxicity was assessed i
2011 under th&PA Integrated Risk Information System (IRIS) Toxicological Review of
TrichloroethylengU.S. EPA, 2011y which served as the toxicological basis for the 2014 final TCE

risk assessmerft).S. EPA, 2014k Forn o cancer effects, TCE exposure has been associated with

acute toxicity liver toxicity, kidney toxicity, reproductive/developmental toxicity, neurotoxicity,
immunotoxicity, and sensitization. TCE is also carcinogenic to humans by all routes of expasures
documented in the TCE IRIS assessment, through both genotoxic agématoxic mechanisms. These
hazards will be evaluated based on the specific exposure scenarios identified.

The revised conceptual models presented in this problem formulation identify conditions of use;
exposure pathways (e.g., media); exposure routes (e.g., inhalation, dermal, oral); potentially exposed or
susceptible subpopulations; and hazards EPA expeatstgze further in the risk evaluation. The

initial conceptual models provided in the scope document were revised during problem formulation
based on evaluation of reasonably available information for physical and chemical properties, fate,
exposures, hazds, and conditions of use and based upon consideration of other statutory and regulatory
authoritiesIn each problem formulation document for the first 10 chemical substances, EPA also

refined the activities, hazards, and exposure pathways that wiltloeled in and excluded from the risk
evaluation.

EPAG s objedivesih the risk evaluation process are to gontimely, relevant, higlguality, and
scientifically credible risk evaluations within the statutory deadlines, and to evaluate diteoosrof
use that raise greatest potential for 8kFR 33726, 3372@uly 20, 2017).

Pagell of 209


https://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0199tr/0199tr.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0199tr/0199tr.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3532116
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3036194
https://www.federalregister.gov/documents/2017/07/20/2017-14337/procedures-for-chemical-risk-evaluation-under-the-amended-toxic-substances-control-act

1 INTRODUCTION

This document presenfisr commenthe problem formulation of the risk evaluation to be conducted for

TCE under the Frank R. Lautenberg Chemical Safety for the 21st Century Act. The Frank R. Lautenberg
Chemical Safety for the 21se6tury Act amended the Toxic Substances Control Act (TSCA), the
Nationds primary chemicals management | aw, on J
requirements and deadlines for actions related to conducting risk evaluations of existing chemicals.

In December of 2016, EPA published a list of 10 chemical substances that are the subject of the
Agencyds initial c8hERILIRYaak required ty TROA & 6(l)(2)(A). Dhass 10(

chemical substances were drawn from the 2014 up
Assessments, a list of chemicals that EPA ifiedtin 2012 and updated in 2014 (currently totaling 90
chemicals) for further assessment under TSCA. E

constituted the initiation of the risk evaluation process for each of these chemical substasgast
the requirements of TSCA § 6(b)(4).

TSCAS§ 6(b)(4)(D) requires that EPA publish the scope of the risk evaluation to be conducted, including
the hazards, exposures, conditions of use and potentially exposed or susceptible subpopulations that the
Administrator expects to consider, within 6 montfisrathe initiation of a risk evaluatioithe scope

documents for all first 10 chemical substances were issued on June 22, 2017. The first 10 problem
formulation documents are a refinement of what was presented in the first 10 scope documents. TSCA 8§
6(b)(@)(D) does not distinguish between scoping and problem formulation, and requires EPA to issue
scope documents that include information about the chemical substance, such as the hazards, exposures
conditions of use, and the potentially exposed or sustéegtibpopulations that the Administrator

expects to consider in the risk evaluation. In the future, EPA expects scoping and problem formulation

to be completed prior to the issuance of scope documents and intends to issue scope documents that
include probém formulation.

As explained in the scope document, because there was insufficient time for EPA to provide an
opportunity for comment on a draft of the scope, as EPA intends to do for future scope documents, EPA
is publishing and taking public commentamproblem formulation document to refine the current scope,

as an additional interim step prior to publication of the draft risk evaluation for TCE. Comments

received on this problem formulation document will inform development of the draft risk evaluatio

The Agency defines problem formulation as the analytical phase of the risk assessment iithehich
purpose for the assessment is articulated, the problem is defined and a plan for analyzing and
characterizing risk is determing(.S. EPA, 2014) The outcome of pitdem formulation is a

conceptual model(s) and an analysis plan. The conceptual model describes the linkages between
stressors and adverse human health effects, including the stressor(s), exposure pathway(s), exposed
lifestage(s) and population(s), and endpoint(s) that will be addressed in the risk evalu&idriPA,

2014D. The analysis plan follows ¢éhdevelopment of the conceptual model(s) and is intended to
describe the approach for conducting the risk evaluation, including its design, methods and key inputs
and inended outputas described in the EPA Human Health Risk Assessment Fram@w6arkEPA,

20148. The problem formulation documents refine the initial cpimeal models and analysis plans that
were provided in the scope documents.

First, EPA has removed from the risk evaluaaoy activitiesandexposure pathways that EPA has
concluded do not warrant inclusion in the risk evaluation. For example, for stiniges which were
listed as "conditions of use" in the scope document, EPA has insufficient information following the
further investigations during problem formulation to find they are circumstances under which the
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chemical is actually "intended, knowar, reasonably foreseen to be manufactured, processed,
distributed in commerce, used, or disposed of."

Second, EPA also identifiegbrtainexposure pathways that are under the jurisdiction of regulatory
programs and associated analytical processes carried out under othadiaP¥stered environmental
statuteg namely, the Clean Air Act (CAA), the Safe Drinking Water Act (SDWA), the Cleateia
Act (CWA), and the Resource Conservation and Recovery Act (RCRAY which EPA does not
expectto include in the risk evaluation.

As a general matter, EPA believes that certain programs under other Federal environmental laws
adequately assess arfteetively manage the risks for the covered exposure pathways. To use Agency
resources efficiently under the TSCA program, to avoid duplicating efforts taken pursuant to other
Agency programs, to maximize scientific and analytical efforts, and to me@tréesear statutory

deadline, EPA is planning to exercise its discretion under TSCA 6(b)(4)(D) to focus its analytical efforts
on exposures that are likely to present the greatest concern and consequently merit a risk evaluation
under TSCA, by excludinggn a caséy-case basis, certain exposure pathways that fall under the
jurisdiction of other EPAadministered statutéd€=PA does not expect to include any such excluded
pathways as further explained below in the risk evalualiba.provisions of variousPA-administered
environmental statutes and their implementing regulations represent the judgment of Congress and the
Administrator, respectively, as to the degree of health and environmental risk reduction that is sufficient
under the various environmehgtatutes.

Third, EPA identified any conditions of use, hazards, or exposure pathways which were included in the
scope document arblat EPA expects tmclude in the risk evaluation but which EPA does not plan to
further analyze in the riskvaluation. EPA expects to be able to reach conclusions about particular
conditions of use, hazards or exposure pathways without further analysis and therefore plans to conduct
no further analysis on those conditions of use, hazards or exposure pathamls o focus the
Agencyo06s resources on more extensive orforquantit
purpose,” meaning not all conditions of use will warrant the same level of evaluation and the Agency
may be able to reach some conabasi without comprehensive or quantitative risk evaluati®@hs-R

33726, 33734, 3373Quy 20, 2017).

EPA received comments on the published scope document for trichloroethylene and has considered the
comments specific to trichloroethylene in this problem formulation document. EPA is soliciting public
comment on this problem formulationaonent and when the draft risk evaluation is issued the Agency
intends to respond to comments that are submitted. In its draft risk evaluation, EPA may revise the
conclusions and approaches contained in this problem formulations, including the conditiemsiod
pathways covered and the conceptual models and analysis plans, based on comments received.

1.1 Regulatory History
EPA conducted a search of existing domestic and international laws, regulations and assessments
pertaining toTCE. EPA compiled this sumary from data available from federal, state, international
and other government sources, as citefigpendix A EPA evaluated and considered the impact of

I1As explained in the final r u | EPA may,ron achdeyrase lmdis, exdludelcertairv a | u a |
activities that EPA has determined to be conditions of use in order to focus its analytical efforts on those exposares that a
likely to present the greatest concern, and consequently merit an unreasonable risk deternfiit¥tai®n33726, 33729

(July 20, 2017)]
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existing laws and regulations (e.g., regulations on landfill disposal, design, and operations) in the
problem formulation step to determine what, if giayther analysis might be necessary as part of the
risk evaluation. Consideration of the nexus between these existing regulations and TSCA uses may
additionally be made as detailed/specific conditions of use and exposure scenarios are developed in
conducting the analysis phase of the risk evaluation.

Federal Laws and Regulations

TCE s subject tdederal statutes or regulations, other than TSCA, that are implemented bgffateer
within EPA and/or othefederal agencies/departments. A summaryedéfal laws, regulations and
implementing authorities is providen AppendixA.1.

State Laws and Regulations
TCE s subject tcstate statutes or regulations implementedthye agencies or departments. A summary
of state laws, regulations anchplementing authorities govided inAppendix A.2.

Laws and Regulationgn Other Countries and International Treaties or Agreements

TCE s subject to statutes or regulations in countries other thanritedState and/or international

treaties and/or agreements. A summary of these laws, regulations, treaties and/or agreements is providec
in AppendixA.3.

1.2 Assessment History
EPA has identified assessments conducted by other EPA Programs aratgdherationgseeTable
1-1). Depending on the source, these assessments may include information on conditions of use,
hazards, exposures and potentially exposed or susceptible subpopulatines-1 shows the
assessments that have been condugtied. found no additional assessments beyond those listed in the
Scope Document.

In addition to using this informatio&PA intends to conduct a full review of the data colle¢see
Trichloroethylene (CASRN 79 01 6) Bibliography:
(EPA-HQ-OPPT20160737% U.S. EPA, 2017pusing thditerature garch strategy (se€&rateqy for

Conducting Literature Searches for Trichloroethylene (TCE): Supplemental Document to the TSCA
Scope DocumenCASRN: 791-6, EPA-HOQ-OPPT20160737)] to ensure that EPA is considering
information that has been made available since these assessments were conducted.

Thefinal Work PlanChemicalRisk Assessmertdf TCEwas used to support two proposed rules under
TSCA section 641 FR 91592December &, 2016;82 FR 7432January 19, 2017) to address risks
from commercial and consumer solverigdeasing (aerosol and vapor), consumer use as aaprhgd
protective coating for arts and crafts and commercial use as a spot removeclaadiyy facilitieslt

was also considered in development of a Significant New Use Rule (SNUR) folSICHER (20535

April 8, 2016).

Table 1-1. Assessment History of TCE

Authoring Organization Assessment
EPA Assessments
Office of Chemical Safety and Pollution TSCA Work Plan Chemical Risk Assessment
Prevention (OCSPP®ffice of Pollution Trichloroethylene: Degreasing, Spot Cleaning
Prevention and Toxics (OPPT) Arts & Crafts UsqU.S. EPA, 2014
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Authoring Organization

Assessment

OCSPP/OPPT

Supplemental Occupational Exposure and Ris
ReductionTechnical Report in Support of Risk

Management Options for Trichloroethylene (T(
Use in Aerosol Degreasir(t).S. EPA, 20164

OCSPP/OPPT

Supplemental Exposure and Risk Reduction
Technical Report in Support of Risk Managem
Options for Trichloroethylene (TCE) Use in
Consumer Aerosol Degreasi(U.S. EPA, 2016

OCSPP/OPPT

Supplemental Occupational Exposure &isk
Reduction Technical Report in Support of Risk
Management Options for Trichloroethylene (T(
Use in Spot CleaninfJ.S. EPA, 2066

OCSPP/OPPT

Supplemental Occupational Exposure and Ris
Reduction Technical Report in Support of Risk
Management Options for Trichloroethylene (T(
Use in Vapor Degreasirf®IN 2070AK11]

(U.S. EPA, 2016f

Integrated Risk Information System (IRIS)

Toxicological Review of Trichloroethylen@).S.
EPA, 2011¢

National Center for Environmental Assessment
(NCEA)

Sources, Emission and Exposure for
Trichloroethylene (TCE) and Related Chemica
(U.S. EPA, 2001

Office of Water (OW)/ Office of Science and
Technology (OST)

Update of Human Health Ambient Water Quality
Criteria: Trichloroethylene (TCE) 791-6 (U.S.
EPA, 2019

Other U.S-Based Organizations

Agency for Toxic Substances and Disease
Registries (ATSDR)

Draft Toxicological Profile for Trichloroethylene
(ATSDR, 2014

National Research Coun¢MRC)

Assessing the Human Health Risks of
TrichloroethyleneKey Scientific IssuedNRC,
2009

Office of Environmental Health Hazard
Assessment (OEHHA), Pesticide and
Environmental Toxicology Section

Public Heath Goal for Trichloroethylene in
Drinking Water (CalEPA, 2009

International

Institute for Health and Consumer Protection,
European Chemicals Bureau

European Union Risk Assessment Report,
Trichloroethylend EC, 2004

AustraliaNational Industrial Chemicals

Notification and Assessment Scheme (NICNAS

Trichloroethylene: Priority Existing Chemical
Assessment Report No(RICNAS, 2000

Pagel5 of 209


https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0021
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0021
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0021
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0021
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3838716
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0023
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3838721
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0163-0024
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3838731
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0387-0126
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0387-0126
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0387-0126
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0387-0126
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3838740
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/toxreviews/0199tr/0199tr.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3532116
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3532116
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=21006
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=21006
http://hero.epa.gov/index.cfm?action=search.view&reference_id=35002
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0173
https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0173
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3839189
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3839189
https://www.atsdr.cdc.gov/toxprofiles/tp19.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp19.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3827383
http://www.nap.edu/openbook.php?record_id=11707&page=R1
http://www.nap.edu/openbook.php?record_id=11707&page=R1
http://hero.epa.gov/index.cfm?action=search.view&reference_id=630831
http://hero.epa.gov/index.cfm?action=search.view&reference_id=630831
https://oehha.ca.gov/media/downloads/water/chemicals/phg/tcephg070909_0.pdf
https://oehha.ca.gov/media/downloads/water/chemicals/phg/tcephg070909_0.pdf
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3840126
https://echa.europa.eu/documents/10162/83f0c99f-f687-4cdf-a64b-514f1e26fdc0
https://echa.europa.eu/documents/10162/83f0c99f-f687-4cdf-a64b-514f1e26fdc0
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3809353
https://www.nicnas.gov.au/chemical-information/pec-assessments?result_34791_result_page=T
https://www.nicnas.gov.au/chemical-information/pec-assessments?result_34791_result_page=T
http://hero.epa.gov/index.cfm?action=search.view&reference_id=669784

Authoring Organization Assessment

Environment and Climate Change Canada (EC({Canadian Environmental Protectid.ct Priority
Substances List Assessment Report:
TrichloroethylengEnvironment Canada, 1993

1.3 Data and Information Collection

EPA/OPPT generally appliesgistematic revieyrocess andvorkflow that includes: (1) data

collection, (2) data evaluation ang (Bata integration of the scientific data used in eg&luations
developed under TSCA. Scientific analysis is often iterative in nature as newekigews$ obtained.
Hence, EPA/OPPTxpects that multiple refinements regarding data collection will occur during the
process of risk evaluatioAdditional information that may be considered and was not part of the initial
comprehensive bibliographies will be documented in the Draft Riski&wan for TCE.

Data Collection: Data Search

EPA/OPPT conducted chemiespecific searches for data and information on: physical and chemical
properties; environmental fate and transport; conditions of use information; environmental exposures,
human expsures, including potentially exposed or susceptible subpopulations; ecological hazard,
human health hazard, including potentially exposed or susceptible subpopulations.

EPA/OPPT designed its initial data search to be broad enough to capture a commgatatmgisources
containing data and/or information potentially relevant to the risk evaluation. Generally, the search was
not limited by date and was conducted on a wide range of data sources, including but not limited to:
peerreviewed literature and gy literature (e.g., publickavailable industry reports, trade association
resources, government reports). When available, EPA/OPPT relied on the search strategies from recent
assessments, such as EPA Integrated Risk Information System (IRIS) assesscthdr@dNTHReport

on Carcinogengo identify relevant references and supplemented these searches to identify relevant
information published after the end date of the previous search to capture more recent ligratacg.

for Conducting Literature Searches for Trichloroethylene (TCE): Supplemental Document to the TSCA
Scope Document, CASRN=-0%6 (EPA-HQ-OPPT20160737 provides details about the data sources
and search terms that were used inliteeature garch.

Data Collection: Data Screening

Following the data search, reéeices were screened and categorized using selection criteria outlined in
the Strategy for Conducting Literature Searches for Trichloroethy(&@E): Supplemental Document

to the TSCA Scope Document, CASRNOT8 (EPA-HQ-OPPTF20160737). Titles and abstracts were
screened against the criteria as a first step with thbajedentifying a smaller subset of the relevant

data to move into the subsequent data extraction and data evaluation steps. Pritexoréview,
EPA/OPPT anticipates refinements to the search and screeningissaasgnformed by an evaluation

of the performance of the initial title/abstract screening and categorization process.

The categorization scheme (or tagging structure) used for data screening varies by scientific discipline
(i.e., physical and chemical properties; environmental fatérandport; chemical use/conditions of use
information; environmental exposures, human exposures, including potentially exposed or susceptible
subpopulations identified by virtue of greater exposure; human health hazard, including potentially
exposed or sceptible subpopulations identified by virtue of greater susceptibility; and ecological
hazard), but within each data set, there are two broad categories or data @mgtogireferences or

(2) off-topic referencesOn-topic references are those that may contain data and/or information relevant
to the risk evaluation. fBtopicreferences are those that do not appear to contain data or information
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relevant to the risk evaluation. TB¢&ateqy for Conducting Literature Searches for Trichloroethylene
(TCE): Supplemental Document to the TSCA Scope Document, CASBN6 (RPA-HQ-OPPTF2016
0737) discusses the inclusion and exclusion criteria that EPA/OPPT used to categorize refer@mces as
topic or off-topic.

Additional data screening using soategories (or sutags) was also performed taiistate further

sorting of data/information. For example, identifying references by source type (e.g., published peer
reviewed journal article, government report); data type (e.g., primary data, review article); human health
hazard (e.qg., liver toxicitygancer, reproductive toxicity); or chemieglecific and usspecific data or
information. These subategories are describedtire supplemental documestirategy for Conducting
Literature Searches for Trichloroethylene (TCE): Supplemental Document to the TSCA Scope
Document, CASRN: 731-6 (EPA-HQ-OPPTF20160737) andwill be used to organize the different

streams of data during the stages of data evaluation and data integration steps of systematic review.

Results of the initial search and categorization results can be foundlimthec hol or oet hy |l en
Bibliography: Supplemental File for the TSCA Scope Docuffigi-HO-OPPT20160737; U.S.

EPA, 20179. This document providea comprehensive list (bibliography) of the sources of data

identified by the initial search and the initial categorizatiorofetopic andoff-topic references.

Because systematic review is an iterative process, EPA/OPPT expéstantieareferences mayove

from theon-topicto theoff-topic categories, and vice versa. Moreover, targeted supplemental searches
may also be conducted to address specific needs for the analysis phase (e.g., to locate specific data
needed for modeling); hence, additionaltopic references not initially identified in the initial search

may be identified as the systematic review process proceeds.

1.4 Data Screening During Problem Formulation

EPA/OPPT is in the process of completing the full text screening ointhapic references identified in
theTrichloroethylend CASRN 79 01 6) Bibliography: Suppl eme
(EPA-HQ-OPPT20160737% U.S. EPA, 2017) The screening process at the gkt level is described

in theApplication of Systematic Review in TSCA Risk Evaluafloris EPA, 2018 Appendix F

provides the inclusion and exclusion criteria applied at the full text screening. The eligibditiacre

guided by the analytical consideratianghe revised conceptual models and analysis plan, as discussed

in the problem formulation document. Thus, it is expected that the number of data/information sources
entering evaluation is reduced to those that are relevant to address the technicehapputdssues

described in the analysis plan of this document.

Following the screening process, the quality of the included data/information sources will be assessed
using the evaluation strategies that are described igpkcation of Systematic ReviewTSCA Risk
EvaluationgU.S. EPA 20189.

2 PROBLEM FORMULATION

As required by TSCA, the scope of the risk evaluation identifies the conditions of use, hazards,
exposures and potentially exposed or susceptible subpopulations that the Administrator expects to
consider. To communicate amgually convey the relationships between these components, EPA
included in the scope document a life cycle diageand conceptual models that describe the actual or
potentialrelationships betweeRCE and human and ecological receptors. During the problem
formulation, EPA revised the conceptual models based on further data gathering and analysis as
presented in this Problem Formulation document. An updated analysis plan is also included which
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identifies, to the extent feasible, the approaches and metietdSRA may use to assess exposures,
effects (hazards) and risks under the conditions of use of TCE.

2.1 Physical and Chemical Properties

Physicaichemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informp the potential conditions of use, exposure pathways and routes and hazards
thatEPA intends to consider. For scope development, EPA considered the measured or estimated
physicatchemical propertieset forthin Table2-1 and EPA found no additional information during
problem formulation that would change these values

TCE is a colorless liquid with a pleasant, sweet odor resembling that offolniordt is considered a
volatile organic compound/Q©C) because of its moderate boiling point, 87.2°C, and high vapor
pressure, 738imm Hg at 25°C. TCE is moderately water soluble (A @8 at 25°C), and has a log
octanol/water partition coefficient @) of 2.42. The density of TCE, B4/m? at 20°C, is greater than
that of water.

Table 2-1. Physical and Chemical Properties of TCE

Property Value 2 References
Molecular Formula C2HCl3
Molecular Weight 131.39 g/mad
Colorless, liquid, sweet, O'Neil et al. (2006)
Physical Form pleasant odor, resembles
chloroform
Melting Point -84.7°C Lide (2007)
Boiling Point 87.2°C Lide (2007)
Density 1.46 g/cni at 20°C EC (2000)
Vapor Pressure 73.46 mmHg at 25°C Daubert and Danner
(1989)
Vapor Density 4.53 O'Neil et al. (2006)
Water Solubility 1,280 mg/L at 25°C Horvath et al. (1999)

Octanol/Water Partition
Coefficient (Log kw)

U.S. EPA (2012a)

2.42 (Estimated)

LeightonandCalo

Henrydés Law Co |985E03atm-nimole

(1981)
FlashPoint 90°C (closed cup) EC (2000)
Auto Flammability 410°C (Estimated) U.S. EPA (2012a)
Viscosity 0.53 mPa:-s at 2& Weast and Selby (1966
Refractive Index 1.4775 at 20C O'Neil et al. (2001)
Dielectric Constant 3.4Wat 16C Weast and Selby (1966

aMeasured unless otherwise noted
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2.2 Conditions of Use

TSCA A 3(4) defines the conditions of use as 66
under which a chemical substance is intended, known, or reasonably foreseen to be manufactured,
processed, distributed i6bn commerce, used, or di

2.2.1 Data and Information Sources

In thescope documents, EHdentified, based on reasonalalyailableinformation,the conditions of

use for the subject chemicalsPA searched a number of available data souBaesed on this

searchEPA published a preliminary list of information and souredated to chemical conditions of

use (e.g.Use and Market Profile for TCE arigteliminary Information on Manufacturing, Processing,
Distribution, Use, andDisposal: TCHEPreliminary Information on Manufacturing, Processing,

Distribution, Use, and Disposal: TCEEPA-HQ-OPPTF2016073700569 prior to a February 2017

public meetingon scoping efforts for risk evaluation convened to solicit comment and input from the
public. EPA also convened meetings with companies, industry groups, chemical users and other
stakeholders to aid in identifying conditions of use and verifying conditibnse identified by EPA.

The information and input received from the public and stakeholder meetings has been incorporated into
this problem formulatiordocument to the extent appropridteus, EPA believes the identified

manufacture, processing, distition, use and disposal activitiekentified in these documentsnstitute

the intended, known, and reasonably foreseeable activities associated with the subject chemical, based
on reasonably available information.

2.2.2 Identification of Conditions of Use

To determine the current conditions of use of T@id, inverselyactivities that do not qualify as
conditonsofuseEPA conducted extensive research and ouf
published literature and online databases including thetmest e nt  dat a avail abl e f
Data Reporting program (CDR) and Safety Data Sheets (SDSs)lE®Aonducted online research by
reviewing company websites of potential manufacturers, importers, distributors, retailers, or other users
of TCE andqueried government and commercial trade databases. EPA also received comments on the
Scope of the Risk Evaluation for TREPA-HQ-OPPT20160737005% U.S. EPA, 201 7)that were

used to determine the current conditions of Gsepe of the Risk Evaluationrf TCE Scope of the Risk
Evaluation for TCHEPA-HQ-OPPT20160737) that were used to determine the current conditions of

use. In addition, EPA convened meetings with compamdastry groups, chemical users, states,
environmental groups, and other stakeholders to aid in identifying conditions of use and verifying
conditions of use identified by EPA.

EPA has removed from the risk evaluation certain activities that EPA helsided to not constitute
condtions of usé for example EPA has insufficient information to find certain activities are
circumstances under which the chemical i's actua
manufactured, processed, distribui@dommerce, used or disposaid EPA has also identified any
conditions of use that EPA does not plan to include in the risk evaluasa@xplained in the final rule
for Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances$ Scnff&CA
section 6(b)(4)(D) requires EPA to identify "thazards, exposurespnditions of usgand the

potentially exposed or susceptible subpopulatibasthe Agency expects to consider in a risk
evaluation," suggesting that EPA may exclude cesraiivities that EPA has determined to be
conditions of use on a cabg-case basis8¢ FR 33736, 3372uly 20, 2017). For example, EPA may
exclude conditions of use that the Agency has sufficient basis to conclude would present only de
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minimis exposures or otherwise insignificant risks (suckoaseuses in a closed system that effectively
precludeexposure or use as an intermediate).

The activities that EPA no longer believes are conditions obutbait wereotherwiseexcluded during
problemformulation are described in Sectiar2.2.1 The conditions of use included in the scope of the
risk evaluation are summarized in SectbR.2.2

2.2.2.1 Categories and SubcategorieBetermined Notto Be Conditions of Use
During Problem Formulation

EPA has conducted public outreach and I iteratur
conditions of use and has reviewed reasonably available information obtained or possessed by EPA
concerning activities associated with TCE. As a result of thdysisauring problem formulation, EPA
determined there is insufficient information to support a finding that certain activities which were listed
as conditions of use in tli&cope Docume(EPA-HOQ-OPPTF201607370057 U.S. EPA, 201 7)ifor
TCE actially constitutedic i r cumst anceséunder which awmgdremi cal
reasonably foreseen to be manufactured, processed, distributed in commerce, used, or disposed of
Consequently, EPA intends to exclude these activities not consictarddions of use from the scope
of the evaluation.

As shown inTable2-22, these activities consief paints and coatings for consumer UseA no longer
believes that paints and coatings for consumer use cdrd&nas evidenced by SNUR on TCE for
Certain Consumer Productl(FR 2053h Consequently, EPA intes to excludeonsumer uses of
paints and coatingsom the scope of the evaluation.

Table 2-2. Categories andSubcategories Determined Noto Be Conditions of UseDuring Problem
Formulation

Life Cycle Stage Category? Subcategory References
Consumer use Paints andCoatings |Diluent in solventbased TCE SNUR on
paints and coatings consumer products{
FR 20535
aThese categorieare no longer showin the Life Cycle Diagram

2.2.2.2 Categories and Subcategories of Conditions of Usecluded in the Scope of
the Risk Evaluation

EPA has conducted public outreach and literature searches to collect information about
trichloroethyleneds conditions of wuse and has r
possessed by EP&oncerning activities associated with trichloroethylene. Based on this research and
outreach, other than the categand subcateyy described above in Secti@®.2.1 EPA does not
have reason to believe that any conditions of use identified in the trichloroethylene scope should be
excluded from risk evaluation. Therefore, all the conditions of use@&will be included in the risk
evaluation.

Table2-33 summarizes each life cycle stage and the corresponding categories and subcategories of
conditions of use for TCE that EPA plans to evalirathe risk evaluation. Using the 2016 CDRS.

EPA, 2016h, EPA identified industrial processing or use activities, industrial function categories and
commercial and consumer use product categdgies identified the subcategories by supplementing
CDR data with other publishdiierature and information obtained through stakeholder consultations.
For risk evaluations, EPA intends to consider each life cycle stage (and corresponding use categories
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and subcategories) and assasgainpotential sources of release and human exgoassociated with
that life cycle stagdn addition, activities related to distribution (e.g., loading, unloading) will be
considered throughout the life cycle, rather than using a single distribution scenario.

Beyond the uses identified in the Scapp¢he Risk Evaluation for TCE, EPA has received no additional

information identifying additional current conditions of use for TCE from public comment and

stakeholder meetings.

Table 2-3. Categories and Subcategories of Conditions of Usecluded in the Scope of the Risk

Evaluation
Life Cycle Stage Category 2 Subcategory® References
Manufacture Domestic Domestic manufacture U.S. EPA (2016b)
manufacture
Import Import U.S. EPA (2016b)
Processing Processing as a Intermediate in industrial gg U.S. EPA (2016h)

reactant/
intermediate

manufacturing (e.g.,
manufacture of fluorinated
gases used as refrigerants,
foam blowing agents and
solvents)

EPA-HQ-OPPT2016

07370013 EPA-HQ-

OPPT2016073%+0013

EPA-HQ-OPPT2016

07370026 EPA-HQ-

OPPTF201607370027

Processing
Incorporation into
formulation, mixture
or reaction product

Solvents (for cleaning or
degreasing)

U.S. EPA (2016b)

Processing
Incorporation into
formulation, mixture
or reaction product

Adhesives and sealant
chemicals

U.S. EPA (2016b)

Solvents (which become pa
of product formulation or

mixture) (e.g., lubricants an
greases, paints and coating
other uses)

U.S. EPA (2016h)
EPA-HQ-OPPT2016
0737+0003 EPA-HQ-
OPPT20160737%0056

Processing
incorporated into
articles

Solvents (becomes an
integral components of
articles)

U.S. EPA (2016b)

Repackaging

Solvents (for cleaningr
degreasing)

U.S. EPA (2016b)

Recycling

Recycling

U.S. EPA (2017¢)

Distribution in
commerce

Distribution

Distribution

EPA-HQ-OPPT2016
0730003
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Life Cycle Stage

Category?

Subcategory®

References

Industrial/commercial/
consumer use

Solvents (for
cleaning or
degreasing)

Batch vapor degreasés.g.,

opentop, closedoop)®

EPA-HQ-OPPT2016

073+0003 U.S. EPA

(2014c) U.S. EPA

(2016f) EPA-HQ-

OPPT201607370056

In-line vapor degreaser (e.d
conveyorized, web cleanér)

EPA-HQ-OPPT2016

073+0003 U.S. EPA

(2014c) U.S. EPA

(2016f) EPA-HQ-

OPPT2016073%0056

Cold cleaner

EPA-HQ-OPPT2016

073+0003 U.S. EPA

(201 7fy EPA-HQ-

OPPT2016073 %0056

Solvents (for
cleaningor
degreasing)

Aerosol spray
degreaser/cleanér

EPA-HQ-OPPT2016

073+0003 U.S. EPA

(2014c) U.S. EPA

(2016d) U.S. EPA

(2016¢) EPA-HQ-

OPPTF20160737%0056

Mold release

EPA-HQ-OPPT2016

07370003 EPA-HQ-

OPPT2016073 %0056

Lubricants and
greases/lubricants
and lubricant
additives

Tap and die fluid

U.S. EPA (2016h)

EPA-HQ-OPPT2016

073+0003 EPA-HQ-

OPPT20160737%0028

EPA-HQ-OPPT2016

073%+0056

Penetrating lubricant

U.S. EPA (2016h)

EPA-HQ-OPPT2016

073+0056 EPA-HQ-
OPPT-201607370003
EPA-HQ-OPPT2016
073%0028

Adhesives and
sealants

Solventbased adhesives an

sealants

U.S. EPA (2016h)
EPA-HQ-OPPT2016,
07370056 EPA-HQ-
OPPT201607370003

Tire repair cement/sealer

U.S. EPA (2016h)
EPA-HQ-OPPT2016
07370056 EPA-HQ-
OPPT20160737%0003
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Life Cycle Stage

Category?

Subcategory®

References

Adhesives and
sealants

Mirror edge sealant

EPA-HQ-OPPT2016

073+0003 U.S. EPA

(2014c) EPA-HQ-

OPPT2016073 %0056

Functional fluids
(closed systems)

Heat exchange fluid

U.S. EPA (2017f)

Paints and coatings

Diluent in solventbased
paints and coatings

U.S. EPA (2016h)

EPA-HQ-OPPT2016

07370056 EPA-HQ-

OPPT2016-0737%+0003

EPA-HQ-OPPT2016

0737+0010 EPA-HO-

OPPT20160737#0015

EPA-HQ-OPPT2016

07370027

Cleaning and
furniture care
products

Carpet cleaner

EPA-HQ-OPPT2016

073+0056 EPA-HQ-

OPPTF201607370003

Cleaning wipes

EPA-HQ-OPPT2016

07370056 EPA-HQ-

OPPTF2016073%0003

Laundry and
dishwashing
products

Spot removef

EPA-HQ-OPPT2016

07370003 U.S.EPA

(2014c) U.S. EPA

(2016e) EPA-HQ-

OPPT2016073%+0056

Arts, crafts and
hobby materials

Fixatives and finishing spra
coatings’

U.S. EPA (2014c)

Corrosion inhibitors
and antiscaling
agents

Corrosion inhibitors and ant
scaling agents

U.S. EPA (2016b)

Processing aids

Process solvent used in
batterymanufacture

U.S. EPA (2017f)

Process solvent used in
polymerfiber spinning,
fluoroelastomer manufactur
and Alcantara manufacture

U.S. EPA (2017f)

Extraction solvent used in
caprolactam manufacture

U.S. EPA (2017f)

Precipitant used in beta
cyclodextrin manufacter

U.S. EPA (2017f)
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Life Cycle Stage Category? Subcategory® References
Ink, toner and Toner aid EPA-HQO-OPPT2016
colorant products 07370056 EPA-HQ-
OPPTF201607370003
Automotive care Brake andparts cleaner EPA-HQ-OPPT2016
products 07370056 EPA-HQ-
OPPTF201607370003
Apparel and Shoe polish U.S. EPA (2017f)
footwearcare
products
Other uses Hoof polihes EPA-HQ-OPPT2016
07370056 EPA-HQO-
OPPTF201607370003
Pepper spray EPA-HQ-OPPT2016
07370056 EPA-HQ-
OPPTF201607370003
Lace wig and hair extension EPA-HQ-OPPTF2016
glues 07370056 EPA-HO-
OPPTF201607370003
Gun scrubber EPA-HQ-OPPT2016
07370056 EPA-HQ-
OPPTF201607370003
Other miscellaneous U.S. EPA (2017f)
industrial, commercial and
consumer ses
Disposal Disposal Industrial pretreatment U.S. EPA (2017e)
Industrial wastewater
treatment
Publicly owned treatment
works (POTW)
aThese categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, anddmeeesigt
conditions of use of TCE in industrial and/or commercial settings.
bThese subcategories reflect more specific uses of TCE.
¢ This includes uses assessed inh®. EPA, 2014c¢isk assessment.
d Paints and coatings only applies to industrial and commercial uses and not consumer uses.

Although EPA indicated in the TCE scope document that EPA did not expect to evaluate the uses
assessed in the 2014 risk assessment in the TCE risk evaluation, EPA has decided to evaluate these
conditions of use in the risk evaluation as described in thisigm formulation. EPA is including these
conditions of use so that they are part of EPAG®G
ri sk Aunder the conditions of use, 0 TSCA 6(b) (4
of the poeéntial risks from this widely used chemical will be more robust if the potential risks from these
conditions of use are evaluated by applying standards and guidance under amended TSCA. In particular,
this includes ensuring the evaluation is consistent therscientific standards in Section 26 of TSCA,
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theProcedures for Chemical Risk Evaluation under the Amended Toxic Substances Coiff@! Act

CFR Part 702) and EP AApglicason @f Byistenmatic Review in TSGARIsine nt
EvaluationgU.S. EPA, 2018EPA also expects to neider other available hazard and exposure data to
ensure that all reasonably available information is taken into consideration. It is important to note that
conducting these evaluations does not preclude EPA from finalizing the proposed TCE redi#ation (

FR 7432 January 19, 20181 FR 91592December @, 2016).

2.2.2.3 Overview of Conditions of Use and Lifecycle Diagram
The life cycle diagram provided Figure2-1 depics the conditions of use for TCE that are considered
within the scope of the risk evaluation during varibiescycle stages including manufacturing,
processingdistribution,use (indstrial, commercialconsumer; when distinguishapland disposal.
The activities that EPA determined are out of scope during problem formulation are not included in the
life cycle diagramThe information is grouped according@hemical Data ReportingCDR) processing
codes and use categories (including functional use codes for industrial uses and product categories for
industrial, commercial and consumer uses), in combination with other data sour¢cesiéished
literature and consultation with stddaders) to provide an overview of conditions of use. EPA notes
that some subcategories of use may be grouped under multiple CDR categories.

Use categories include the following: Aindustr.i
chemicals or mixtures are manufactured (includi
the use of a chemical or a mixture containing a chemical (imguak part of an article) in a commercial
enterprise providing saleabl e goods or services
mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
or madeavailable to consumers for their Us€S. EPA, 2016p

Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
and included in the life cycle diagram are summarized bglotw EPA, 2016l The descriptions

provide a brief overview of the use categdkppendix Bcontains more detailed descriptions (e.qg.

process descriptions, worker activities, process flow diagrams, equipment illustrations) for each
manufacture, processing, distribution, use and disposal category. The descriptions provided below are
primarily basé on the corresponding industrial function category and/or commercial and consumer
product category descriptions from the 2016 CDF
2016 TSCA Chemical Data Reportifig.S. EPA, 2016p

Theii Sol vents f or Cl e aadgoryencanmpdssed engnrical aubstancgsoused to
dissolve oils, greases and similar materials from a variety of substrates inchetadgurfaces,
glassware and textiles. This category includes the use of T €&pbr degreasing, cold cleaning and in
industrial and commercial aexal degreasing products.

TheALubr i cant s categdry eBoorapasses shemical substances contained in products used
to reduce friction, heat generation and wear between sof@cesr This category includes the use of
TCE in penetrating lubricants, and tap and die fluids for industrial, commercial and consumer uses.

TheA Adhesi ves aatedory®ecanipasses ch@mical substances contained in adhesive and

sealant productssed to fasten other materials together. This category includes the use of TCE i mirror
edge sealants, lace wig and hair extension glues and other adhesive products.
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Thde&uimcti onal F 1l ui dategofy ercanpassids liquid srtgaseolsacchemibatances
used for one or more operational properties in a closed system. Examples are heat transfer agents (e.g.,
coolants and refrigerants).

Theii Pai nt s a nahtedony entcompagssscchemical substances contained in paints, lacquers,
varnishes andther coating products that are applied as a thin continuous layer to a surface. Coating
may provide protection to surfaces from a variety of effects such as corrosion and ultraviolet (UV)
degradation; may be purely decorative; or may provide other funsctitPA anticipates that the primary
subcategory to be the use of TCE in solMaeded coating&PA no longer believes that paints and
coatings for consumer use contain TCE, as evidenced by the SNUR on TCE in Certain Consumer
Products SNUR{1 FR 2053k Therefore, EPA is only including paints and coatingsiffindustrial
andcommercial usgas a condition of use for TCE.

Thei Cl eani ng and Fur ncategony encobhpasses ciemicatll substange® contained

in products that are used to remove dirt, grease, stains and foreign matter from furniture and furnishings,
or to cleanse, sanitize, bleach, scour, polish, protentmove the appearance of surfaces. This

category includes the use of TCE for spot cleaning and carpet cleaning.

TheALaundry and Di s hoatageri éncompassesahemical ssbstances contained in
laundry and dishwashing products and aids foateua as a liquid, granular, powder, gel, cakes, and
flakes that are intended for consumer or commercial use.

TheA Art s, Craft s a naitegdry dnboynpadsastcieemicabslbstances contained in arts,
crafts, and hobby materials that are intenidedtonsumer or commercial use.

To understand conditions of use relative to one another and associated potential exposures under those
conditions of use, the life cycle diagram includes the production volume associated with each stage of
the life cycle, as reported in the 2016 CDR repgrfU.S. EPA, 2016pwhen the volume was not
claimedconfidential business informatio@BI).

The 2016 CDR reporting data f6CE are provided imable2-4 for TCEfromEPA6s CDR dat ab
(U.S. EPA, 2016p For the 2016 CDR period, naronfidential data indicate a total of fi@anufacturers

and importers of TCE in the Unit&tatesThis information has not changed during problem

formulation from that provided in the scope document.

Table 2-4. Production Volume of TCE in CDR Reporting Period (2012 to 20153
Reporting Year 2012 2013 2014 2015

Total Aggregate 220,536,812 | 198,987,532 191,996,578 171,929,400
Production Volume (lbs)

aThe CDR data for the 2016 reporting period is available via ChemVittps(//java.epa.gov/chemvigwBecause of an
ongoing CBI substantiation process required by amended TSCA, the CDR data available in the scope (mpaent
Documeny is more specific than currently in ChemView.

As seen irFigure2-1, most information on the production volume associated with the various uses is
shown as AVolume CBI O in the |ife cyc¢lSeEP4,i agr an
20168. The production volumes shown are for reporting year 2015 from the 2016 CDR reporting
period.As reported in the Use DocumemHA-HOQ-OPPT201607370003(U.S. EPA, 20174, as well

as in tke 2014 TCE risk assessmégotS. EPA, 2014; an esti mated 83.6% of T
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volume is used as an intermediate in the manufacture of the hydrofluorocarboea 3Ki&Gn
alternative to the refrigerant chlorofluorocarbon, GEC Another 14.7% of TCE production volume is
used as aafjreasing solvent, leaving approximately 1.7% for other uses. Also reflected in the life cycle

diagram is the fact that TCE, as a widely used solvent, has numerous applications across industrial,
commercial and consumer settings.

Figure2-1 depicts the life cycle diagram of trichloroethylene from manufacture to the point of disposal.

Activities related to the distribution (e.g., loading, unloading) will be considered throughdl Eide
cycle rather, than using a single distribution scena
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MFG / IMPORT

PROCESSING

INDUSTRIAL, COMMERCIAL, CONSUMER USES®

WASTE DISPOSAL

Manufacture

|—-D (Includes Import)
(171.9 million Ibs.)

v

i ,.

Processing as a
Reactant/Intermediate
(volume CBI)

e.g., intermediate for
refrigerant manufacture

-

Incorporated into
Formulation, Mixture,

or Reaction Products
(Volume CBI)

Solvents for Cleaning and Degreasing
(Volume CBI)
e.g., vapor degreasing, cold cleaning,
aerosol degreasing, mold release

Lubricants and Greases
(185,000 Ibs.)
e.g., lubricant tapanddiefluid

Adhesives and Sealants
(Volume CBI)
e.g., mirror-edge sealant

Functional Fluids [closed system)
(Volume CBI)
eg, refrigerant

Repackaging
{Volume CBI)

Paints and Coatings ?
{Volume CBI)

Cleaning and Furniture Care Products
{Volume CBI)
e.g., carpet cleaner

Laundry and Dishwashing Products
e.g., spot remowver

Arts, Crafts, and Hobby Materials

b

I:l Manufacture (Includes Import)

The life cycle diagram depicts the conditions of use that are within the scope of the risk evaluation during variolesditgegcincluding
manufacturing, processing, use (industrial, commercial, consumer), distribution and disposal. The productessimwn are for
reporting year 2015 from the 2016 CDR reporting petioc. EPA, 2016 Activities related to distribution (e.g., loading and unloading)
will be considered througput theTCE life cycle, rather than using a singlstdibution scenario.

Recycling I‘

p.

e.g., spray-applied protective coating

Other Uses, Incl.

Corrosion Inhibitors and Anti-Scaling
Agents (Volume CBI); Processing Aids;
Ink, Toner and Colorant Products;
Automotive Care Products;
Miscellaneous (e g., hoof polish, pepper
spray)

l:l Processing
Figure 2-1. TCE Life Cycle Diagram

I:I Uses. At the scope level of detail inthe lifecycle diagram we are not distinguishing between industrial/commercial/
consumer uses. The differences between these uses will be further investigated and defined during risk evaluation.

aSeeTable2-3 for additional uses not mentioned specifically in this diagram.
bPaints and coatings only applies to industrial and commercial uses and not consumer uses
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2.3 Exposures

For TSCA exposure assessments, EPA expects to evaluate exposures and releases to the environment
resulting from the conditions of use applicable to TCE.-Restse pathways and routes will be

described to characterize the relationship or connection bethveeonditions of use for TCE and the
exposure to human receptors, including potentially exposed or susceptible subpopulations and ecological
receptors. EPA will take into account, where relevant, the duration, intensity (concentration), frequency
and numler of exposures in characterizing exposures to TCE.

2.3.1 Fate and Transport

Environmental fate includes both transport and transformation processes. Environmental transport is the
movement of the chemical within and between environmental media. Transforo@atios through the
degradation or reaction of the chemical with other species in the environment. Hence, knowledge of the
environmental fate of the chemical informs the determination of the specific exposure pathways and
potential human and environmentateptors EPA expects to consider in the risk evalualiale2-5

provides environmental fate data that EPA identified and considered in devdlupsgppe fol CE.

This information has not changed from that provided in the scope document.

Fate data, includingolatilization during wastewater treatment, volatilization from lakes and rivers,
biodegradation rates, and organic carbon:water partitiefficient (log koc) and bi@accumulation
potentialwere usedvhenconsideringchanges to the conceptual modéiadel results and basic
principles were used wupporithe fate data in problem formulatierhile literature review is currently
underway though the systematic review process

The Estimation Program Interface SétéE P | S)ul.$. EFRA, 2012smodules were used to

predict volatilization of TCE from wastewater treatment plants, lakes, and rivers and to confirtathe da
showingslow biodegradation. The EPI Suitemodule that estimates chemical removal in sewage
treatment plants (ASTPO mo(seubiodeyradatianshaliice toi0,000s i ng d
hours)to evaluate the potential for TCE to volatilize to air orcadgo sludge during wastewater

treatment. The STP module estimates #&b of TCE in wastewater will be removed by atlization

while 1% of TCE will be removed by adsorption.

The EPI SuiteE module that estim¥bésatvoiantli ona
was run using default settings to evaluate the volatilizationlifaléf TCE in surface wate The

volatilization module estimates that the Hil of TCE in a model river will bd.2 hoursand the hal

life in a model lake wi be 110 hours

The EPI SuiteE module that predicts biodegradat
settings to estimate biodegradation rates of TCE in soil and sediment. Three of the models built into the
BIOWIN module (BIOWIN 1, 2, and)zestimate that TCE will not rapidly biodegrade in aerobic
environments, while a fourth (BIOWIN 6) estimates that TCE will rapidly biodegrade in aerobic
environments. These results support the biodegradation data presentediGi #ompe document,

which demonstrate slow biodegradation under aerobic conditions. The model that estimates anaerobic
biodegradation (BIOWIN 7) predicts thR€CE will biodegrade under anaerobic conditions. Further,

previous assessmentsTZE found that biodegradation was slownagligible

Thelogkocr eported in the TCE scoping descl@8ament was
extracted from measured values which ranged from 1.86 to 2.1dfitentsoils. Thatrange of
values (1.8-2.17) is supported by the basic principles of environmental chemistry which states that the
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Koc is typically within one order of magnitude (one log unit) of the octanol:water partition coefficient
(Kow). The log kKoc valuesreported in previous assessment3 GE were in the range df.82.17,
suggestingow sorption to soil and sedimeandis mobilein soil and sediment

Table 2-5. Environmental Fate Characteristic of TCE
Property or Endpoint Value 2 References

Indirect photodegradation |5.5-8 days (atmospheric degradation based (ECB (2004) U.S.
measured hydroxyl radical degradation) EPA (2014c)
1-11 days (atmospheric degradation based ¢
measued hydroxyl radical degradation)

Hydrolysis halflife Does not undergo hydrolysis at pH 7 EC (2000)
Biodegradation 19% in 28days (aerobic in water, OECD 301|ECB (2004)
2.4%in 14 days (aerobic in water, OECD
301C)

25% degradation after ays, 95%
degradation after 3@ays (anaerobic
biodegradation in subsurface sediment with
methanol)

65% degradation after ays, 99%
degradation after 3@ays (anaerobic
biodegradationn subsurface sediment with
glucose)

TCE removed slowly with a reduction of 409
after 8weeks (TCE(20@ g/ L) i ncu
batch bacterial cultures under methanogenic

conditions)
Bioconcentration factor 4-17 (carp) U.S. EPA (2014c)
(BCF)
Bioaccumulation factor 23.7 (estimated) U.S. EPA (2014c)
(BAF)
Organic carbon:water 2.17 (measured in silty clay Nebraska loam)]U.S. EPA (2014c)

partition coefficient (Log Kc) |1.94 (measured in silty clay Nevada loam);
1.86 (measured in a forest soil)
1.8 (estimated)

aMeasured unless otherwise noted

If released to the air, TCE does not absorb radiation well at wavelengths that are present in the lower
atmosphere (>290 nm) so direct photolysis is not a negmadation process. Degradation by reactants
in the atmosphere has a hblé of several dayseaning that long range transport is possible.

If released to water, sediment or soil, the fate of TCE is influenced by volatilization from the water
surface or from moist soil as indicated by its
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and by microbial biodegradation under some conditions. The biodegradation of TCE in the environment
is dependent on a variety of factors and thus, a wide range of degradation rates have been reported
(ranging from days to years). TCE is not expected taraaate in aquatic organisms due to low

measured BCFs and estimated BAF.

2.3.2 Releases to the Environment

Releases to the environment from conditions of use (e.g., industrial and commercial processes,
commercial oconsumer uses resulting in dowre-drainreleases) are one component of potential
exposure and may be derived from reported data that are obtained through direct measurement,
calculations based on empirical data and/or assumptions and models.

A source of informatiothat EPA expects to considén evaluating exposure adata reported under the
Toxics Release Inventory (TRI) program. Under the Emergency Planning and CommunitioRight
Know Act (EPCRA) Section 313 rul&@CE is a TRIreportable substance effective January 1, 1987
During problem érmulation EPA further analyzed the TRI data and examined the definitions of
elements in the TRI data to determine the level of confidence that a release would result from certain
types of disposal to land (e Besource Conservation and Recovery @&ERA) Subtitle C hazardous
landfill and Class | underground Injection wells) and incineration. EPA also examined how
trichloroethylene is treated at industrial facilities.

Table2-66 provides productiomelated waste managed data (also referred to as waste manageciy for
reported by industrial facilities to the TRI program for 201&ble2-7 provides more detailed
information on the quantities released to air or water or disposed of on land. Release quanikikes in
2-7 are more representative of actual releases during the year. Prodetdted waste managed shown
in Table2-6 excludes any quantities reported as catastrophic otimeereleases (TRI section 8 data),
while release quantities shownTiable2-7 include both productionelated and nonoutine quantities
(TRI section 5 and 6 data).

Table 2-6. Summary of TCE TRI Production -Related WasteManaged in 205 (Ibs)

Total
Number of Energy Production
Facilities Recycling Recovery Treatment Release$:? ¢ | Related Waste
172 76,090,421 2,585,262 10,540,042 1,967,576 91,183,301

Data source: 2015 TRI Data (updated March 2017).

aTerminology used in these columns may not match the more detailed data element names used in the TRI publig
analysis access points.

b Does not include releases due to-tinge event not associated with production such as remedial actions ouakeh.

¢ Counts all releases including release quantities transferred and release quantities disposed of by a receiving fac
reporting to TRI.

Table 2-7. Summary of TCE TRI Releases to the Environmentn 2015 (Ibs)

Air Releases Land Disposal Total On-
and Off-
site

Class | Disposal

Number Fugitive Under- RCRA | All other or Other

of Stack Air Air Water ground | Subtitle C| Land Other |Release$

Facilities | Releases| Releases| Releases| Injection | Landfills | Disposal® | Release$ ¢

Subtotal 172 689,627 | 1,190,942 52 122 49,500 405 36,890 | 1,967,538
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Air Releases Land Disposal Total On-
and Off-
site

Class | Disposal
Number Fugitive Under- RCRA | All other or Other
of Stack Air Air Water ground | Subtitle C| Land Other |Release$

Facilities | Releases| Releases| Releases| Injection | Landfills | Disposal® | Release$ ¢

Totals 1,880,569 50,027

Data source: 2015 TRI Data (updated March 2017).

2Terminology used in these columns may not match the more detailed data element names used in the TRI public data andemsghysigs.
b These release quantities do include releases due inemevents not associated with production such asdieirections or earthquakes.

¢ Counts release quantities once at final disposition, accounting for transfers to other TRI reporting facilities thdy ulispase of the chemical wastg

Facilities are required to report if they manufacture (includimgprt) or process more than 25,000
pounds of TCE, or if they otherwise use more than 10,000 pounds of TCE. In 20i&cilif&s
reported a total of 9fnillion pounds of TCE waste managed. Of this totalmilion pounds were
recycled, 2.5million pounds were recovered for energy, 1thilion pounds were treated, and nearly
2 million pounds were released into the environm&ab{e2-6).

Of thenearly 2 million pounds of total disposal or other releases, there were stack and fugitive air
releases, water releases, Class | underground injection, releases to Resource Conservation and Recover
Act (RCRA) Subtitle C landfills and other land disposaid other releases. Of these releases, 96% were
released to air. For stack releases, multiple types of facilities report on incineration destruction,

including hazardous waste facilities and fitieis that perform other industrial activities and may be

privately orpublicly (i.e., federal, state, or municipality) owned or operated. Approximately 690,000

pounds of TCE releases were reported to TRI asiterstack releases, and account for any incineration
destruction. Stack releases reported to TRI represent the total amount béifGEeleased to the air at

the facility from stacks, confined vents, ducts, pipes, or other confined air streams.

In 2015, 1928,867pounds of TCE werdisposed of or otherwigeleased osite, and38,671 pounds
were disposed of or otherwise releaséfdsite. Of the orsite releases, 97.496% (1,880,569 pounds)
were released to air, including both stack and fugitive releases, 2.501% (48,245 pounds) went to land
disposal, and 0.003% (52 pounds) were released to water. Of-tiie ¢eind disposal, ndgrall went to
RCRA Subtitle C landfills. Just 3 pounds went tesitie landfills other than RCRA Subtitle C, and none
was disposed of in esite underground injection wells, @ite land treatment, or esite surface
impoundments. Of the ofite releases16.1% (17,815 pounds) was transferred for othersa#
management, 33% (12,105 pounds) was transferred to a waste broker for dispoddk (5246

pounds) was transferred for storage onl$%@(1,263 pounds) was transferred to a RCRA Subtitle C
landfill, 1% (397 pounds) was transferred to a-REERA Subtitle C landfill, 1.9% (722 pounds) was
transferred for unknown disposal, and 0.3% (122 pounds) was transferred teié@ wfiderground
injection Class | well.

While most TCE going to land dispadsvent toSubtitle C Hazardous Waste Landfiils2015, in past

years, the TRI data show TCE going to other types of land disposal as well. In 2014, 12,600 pounds was
transferred for ofsite land treatment, and in both 2013 and 2014 over 11,000 pourelsravesferred

to off-site landfills other than RCRA subtitle C landfills. From 2012 through 2014, 24,000 pounds to

over 100,000 pounds of TCE were releaseditato other land disposal. That volume decreased to only

5 pounds in 2015.
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While the volumeof productionrelatedwaste managed shownTiable2-6 excludes any quantities
reported as catastrophic or etirae releases (TRI section 8 data)esesle quantities shown Trable2-7
includes both productierelated and nomoutine quantities (TRI section 5 and 6 data). As a result,
release quantities may differ slightly and may reflect differences in TRI calculatioodedtr reported
release rangestimategU.S. EPA, 2017k In addition, Table2-6 counts all release quantities reported

to TRI, whileTable2-7 counts releases once at final dispositiaccounting for transfers of chemical
waste from one TRI reporting facility and received by another TRI reporting facility for final
disposition. Asa result, release quantities may differ slightly and may further reflect differences in TRI
calculation methods for reported release range estiriatesEPA, 2017e

Other sources of information provide evidence of releases of TCE, including EPA effluent guidelines
(EGs) promulgated under the Clean Water Act (CWA), National Emission Standards for Hazardous Air
Pollutants (NESAPs) promulgated under the Clean Air Act (CAA), or other EPA standards and
regulations that set legal limits on the amount of T can be emitted to a particular mediaere

are additional sources of TCE emissions data, includatgponal Emissions Inventoi(NEI) (U.S. EPA,

2017h and theDischarge Monitoring Report (DMR) Pollutant Loading T¢dIS. EPA, 201§ which

provide additional release data specific to air and surface water, respectively. NEI provides
comprehensive and detailed estimates of air emissions for criteria pollutants, criteria precursors,
Hazardous Air Pdlitants (HAPS) on a-8ear cycle Another source i& P A 6 s42,&dnpilation of Air
Pollutant Emission FactorsAP-42 sections provide general process and emission information for a
variety of industry sectors. AB2 sections relevant to the conditionsieé of TCE include: 4.2 on

surface coating, 4.6 on solvent degreasing, 4.7 on waste solvent reclamation, 4.8 on tanks and drum
cleaning, 4.10 on commercial/consumer solvent use, and 6.7 on printinfjhekBMR loading tool
calculates pollutant loadinggfo m per mi t and DMiBgratké @omplidinceo m EPAOG s
Information System for the National Pollutant Discharge Elimination Syd@i8-NPDES) EPA

expects to consider these data in conducting the exposure assessment component of the risk evaluation
for TCE.

2.3.3 Presence in the Environment and Biota

Monitoring studies or a collection of relevant and reliable monitoring studies provide(s) inforthation

can be used ianexposure assessment. Monitoring stuth@smeasure environmental concentrations

or concentrations of chemical substances in biota provide evidence of expdsaoitering and

bi omonitoring data wer eforiTdenti fied in EPAOGOs dat

Environment

TCE is widely detected in a number of environmental media. While the primary fate of TCE released to
surface waters or surface soils is volatilization, TCE is more persistent in gramdl waterwhere it

is commonly detected through national and dsi@tel monitoring efforts. TCE is frequently found at
Superfund sites as a contaminant in soil graind water

TCE has been detected in ambient air across thied)Statesthough ambient levelvary by location

and proximity to industrial activities. EPAGs A
Pollutant andHazardous Air PollutanHAP) monitoring data. A summary of the ambient air

monitoring data for TCE (i.e., measured gatethe Lhited State$rom 1999 to 2006 suggests that TCE

levels in ambient air have remained fairly constant in ambient air forrihedJStatesince 1999, with

an approximate mean value of 82 g £ (m.S. EPA, 20112007. EPA also compiles modeleit a
concentrations in its Nationatale Air Toxics Assessments (NATA) using NEI data for the Criteria
Pollutants andHAPs, like TCE. Recent ambient air concentration data from both sources, as well as

those identified in open literature, will be reviewed @onsidered for risk evaluation.
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The presence of TCE in indoor air may result from ambient air releases from industrial and commercial
activities, volatilization from tap water and household uses of-G@faining consumer products.
Additionally, TCE in ground watemay volatilize through soil and into indoor environments of

overlying buildings in a process called vapor intrusion. There are a number of studies that have reported
indoor air levels of TCE in residences, schools and stangsrecent indar air data from open
literature,agencydatabases (e. P A0 s Vapor | ndnd atheriauthoritafive tdoeumenss e
addressing vapor intrusion

TCE is one of the mostdquently detected organic solvents in U.S. ground water. The U.S. Geological
Survey (USGS) conducted a national assessment of VOCs in ground water, including TCE. Between
1985 and 2001, the detection frequency of TCE was 2.6%, with a median conceofratidGpg/m?

(U.S. BPA, 2011¢ Zogorski et al., 2006 Recent sources of national and statel (U.S. EPA, 2011¢
groundwater monitoring data will be reviewed and considered for risk evaluation.

TCE has been detected in drinking water systems through national angidataonitoring eforts.

E P A €esondand thirdSix-Year Review (SixYear Review 2and 3 contains a compilation of state

drinking water monitoring data from 182005and 20062011, which areavailablethroughE P A6 s S X
Year Review 2 Contaminant Occurrence Dataami@E P A 6 sYed& Review 3 Contaminant

Occurrence Dait site These sourceas well as additional drinking water monitoring data from states
and/or the open literaturejll beused o i nf or m t he magnitude and ext
drinking waer.

E P A 6T®rage and ETrieval (STORET) is an electronic data system for water quality monitoring
data.Based on a recent search of STORET surface water monitoring data covering the past ten years,
there are detections with a maximum of 50 ppb and average of 4.5 ppb. DatdHeorsourcewiill

alsobe reviewed for a better understanding of currentledels@ CE i n sur face water
database will also be examined for recent data on TCE levels in sediment.

Compared with other environmental media, there is a relative lack of naticeyaigsentative
monitoring data on levels of TCE ambientsoill.

Biota

Biological studies have detected TCE in human blood and urine innitediUStatesnd several other
countries, with those exposed through occupational degreasing activities reporting the highest frequency
of positive detection@J.S. EPA, 2011cdARC, 1995. TheThird National Health and Nutrition

Examination Survey (NHANES IIl) analyzed blood concentrations of TCE iroeonpationally

exposed individuals in therited States anfbundthat 10% of those sampled had TCE levels in whole

blood at or above the detection liroit0.01 pph(U.S. BPA, 20113.

2.3.4 Environmental Exposures
The manufacturing, processing, @swldisposal off CE can result in releases tioe environmentin
this section, EPA presents exposures to aquatic and terrestrial organisms.

Aquatic Environmental Exposures

TCE s released to surface water from ongoing industrial and/or commercial activities, as reported in
recent TRI and DMR release and loading data. TRI reporting from 2015 indicates direct releases to
surface water of 52 poundgear. In 2016, the top ten DMRsdhargers reported sigpecific loadings

to surface water of 17.5 to 1,564 Ibs/yr. Within the past ten years of surface water monitoring data from
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STORET, there are detections (e.g., maximum of 50 ppb and average of 4.5 ppb), that do not exceed the
preliminaryacuteconcentration of concen€QQC) for TCE (acute COC 340ppb), but do exceed the
preliminarychronicCOC (chronicCOC =3 ppb).

Terrestrial Environmental Exposures

Exposure tderrestrial organisms is expected to be low spitgsical chemical properties do not support
an exposure pathway through water and soil pathways to these orgdismpsurtition of TCE into
sediments is very lowsurthermorethe primary fate of TCE released to surface waters or surface soils
is volatiization.

2.3.5 Human Exposures

In this sectionEPA present®ccupational exposurgsonsumer exposures and general population
exposures. Subpopulatignscluding potentially exposed and susceptible subpopulatidhs these
exposurecategories are also mented.

2.3.5.1 Occupational Exposures
Exposure pathways and exposure routes are listed below for worker activities under the various
conditions of use described in Sectiha. In addition, exposures to occupational amers (ONU), who
do not directly handle the chemical but perform work in an area where the chemical is present are listed.
Engineering controls ahal personal protective equipment may affect the ocaupatexposure levels.

In the previous 2014sk assessmerft).S. EPA, 2014); EPA assessed inhalation exposures to TCE for
occupational use imapordegreasingaerosol degreasingndspot cleaning in dry cleaning facilities
which will be considered in the TCE risk evaluatiBased on information identified during scoping, as
described in Sectiof.3, additional conditions of use resulting in occupational exposure will be
considered during the risk evaluation.

Worker Activities

Workers and occupational narsers may be exposed®€E when performing activities associated with
the conditions of usdescribed in Sectio®.2, including but not limited to:

Unloading and transferring TCE to and from storage containers to process vessels;
Cleaning and maintaining equipment;

Sampling chemicals, formulations or pratkicontaining TCE for quality control;
Repa&aging chemicals, formulations or products containing TCE;

Using TCE in process equipment (e.g., vapor degreasing machine);

Applying formulations and products containing TCE onto substrates (e.g., spray applying
coatings or adhesives containing TCE);

Handling, transporting and disposing waste containing TCE; and

Performing other work activities in or near areas where TCE is used.

= =4 =4 -8 48 -9

E

Inhalation

Based on theseccupational exposure scenarimghalation exposure to vaperexpected. EPA
anticipates this is the most importai@E exposure pathway for workers and occupationatunsers
based on high volatility. Based on the potential for spray application of some products coit@iaing
exposues to mists are also expected for workers@NdJ) andwill be incorporated into the worker
inhalation exposure.

The United States has several regulatory andregulatory exposure limits for trichloroethylene: an
Occupational Safety and Health Admington (OSHA) permissible exposure limit (PEL) of 100 ppm
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8-hour timeweighted average (TWA), an acceptable ceiling concentration of 200 ppm provided the
8-hour PEL is not exceeded, and an acceptable maximum peak of 300 ppm for a maximum duration of
5 minutes in any 2 hour€@OSHA, 1997, and an American Conference@overnment Industrial

Hygienists (ACGIH Threshold Limit Value (TLV) of 1ppm 8hour TWA and a shoiterm exposure

level (STEL) of 25ppm{ACGIH, 2010. (ACGIH, 201QTheNational Institute for Occupational Safety

and Health (NIOSH) haslassified trichloroethylene as a potential occupational carcinogen and
established an immediately dangerous to life or health (IDLH) value of 1,000\d@8H hasa
recommended exposure linait 2 ppm (as a 6@ninute ceiling) during the usage of TCE asaaesthetic
agent and 25 ppm (as a-bh6ur TWA) during all other exposur@sIOSH, 2019.

Dermal

Based on theonditions of use EPA expectsrdhal exposurefor workers, who are expected to have
skin contact with liquideindvapors Occupational nomsers are not directly handlifi@CE;, therefore,
skin contact with liquidfCE is not expected for occupational nosers but skin contact with vapors is
expected fopccupationahonusers.

Oral

Worker exposure via the oral route is not expedigosure may occur through mists that deposit in
the upper respiratory tract howeybased on physical chemical properties, mists of TCE will likely be
rapidly absorbed in the respiratory tract and will be considered as an inhalation exposure.

Key Data

Key data that inform occupational exposure assessment in€h&kA Integrated Managesmt

Information System (IMISand NIOSH Health Hazard Evaluation (HHE) program data. OSHA data are
workplace monitoring data from OSHA inspections. The inspections can be random or targeted, or can
be the result of a worker complaint. OSHA data can bar@stahrough th©SHA Chemical Exposure
Health Data (CEHDat https://www.osha.gov/oshstats/ index.htirable_ApxB-1 provides amapping

of scenarios to industry sectors witlthloroethylene personal monitoring air samples obtained from
OSHA inspections conducted between 2003 and 2017.

NIOSH HHEs are cattucted at the request of elmpees,union officials, or employers and help inform
potential hazards at the workplace. HHEs can be downloadheghst/www.cdc.gov/niosh/hhe/
Table_ApxB-2 provides a summary of personal and area monitoring air samples obtained from NIOSH
HHESs occurring after 1990.

2.3.5.2 Consumer Exposures
TCE can be found in consumaroducts and commercial products that are readily available for public
purchase at common retail¢ S°PA-HQ-OPPTF20160737003 Sections3 and4, (U.S. EPA, 20174
and can therefore result in exposures to consupreriict usersi.e., receptors who use a product
directly) andbystanders (i.ereceptors who arer@nproduct users that are incidentally exposed to the
product or article(U.S. EPA, 2017p

Inhalation

EPA expects that exposure via inhalation will be the most significant route of exposure for consumer
exposure scenarios, including those involvingsised bystanders. This assumption is in line with
EPA/ OPPTO s tigh0isk dssessménadf BCE, which evaluatgtalationexposure to

consumers and bystanders from degreasing and arts & crafts uses.
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Dermal

There is potential for dermal exposured (©E from consumer useSxposures to skin that are
instantaneous would be expected to evaporate before significant dermal absorption could occur based on
the physical chemical properties including the vapor pressure, water solubility aneWdth& estinate

from IHSkinPerm, a mathematical tool for estimating dermal absorption, is 0.8% absorption and 99.2%
volatilization). Exposure that occurs as a deposition over time or a repeated exposure that maintains a
thin layer of liquid TCE would have greater aljgtion (the estimate from IHSkinPerm for a8

exposure is 1.6% absorption and 98.4% volatilizationjtHermore, dermal exposures to liquid TCE are
expected to be concurrent with inhalation exposures, which reflect the preponderance of overall
exposue from a particular use or activity for most consumer exposure scenarios. This is in agreement
with the NIOSH skin notation profile for TCE, which estimates a low hazard potential by dermal
absorption for systemic effects when inhalation and dermal exgoate concurreiNiIOSH, 2017.

There may also be certain scenarios with a higher dermal exposure potential, for example, an occluded
scenario where liquid TCE is not able to evaporate readdly as a user holding a rag soaked with

liquid TCE against their palm during a cleaning activity

Generally, individuals that have contact with liquid TCE would be users and not bystanders. Therefore,
dermal exposures to liquid TCE are not expected amalation is the primary route of exposure for
bystanders. There is potential for bystanders or users to have indirect dermal contact via contact with a
surface upon which TCE has been applied (e.g., counter, floor). Based on the expectation that TCE
would evaporate from the surface rapidly, with <1% dermal absorption predicted from instantaneous
contact, this route is unlikely to contribute significantly to overall expos

Oral

Oral exposure to TCE may occur through incidental ingestion of TCE mists that deposit in the upper
respiratory tract. EPA initially assumed that mists may be swallowed. However, based on physical
chemical properties, mists of TCE are expected to be raglidigrbed in the respiratory tract or
evaporataiponbeing introduced into the respiratory tract, thus contributing to the amount of TCE vapor
in the air available for inhalation exposure. Furthermore, based on available toxicological data, EPA
does not epect inhalation and oral routes of exposure to differ significantly in the toxicity of
trichloroethylene. Oral exposures may also occur through-ttanmbuth patterns following dermal
contact with TCE. As described, dermal contact would not be expectiegstanders, and any TCE
present on surfaces of the home or skin surfaces is expected to volatilize irapaking it available

for inhalation as a vapor before oral ingestion may occur through such patterns.

Disposal

EPA does not expect exposure tmsomers from disposal of consumer products. It is anticipated that

most products will be disposed of in original containers, particularly those products that are purchased as
aerosol cans. Liquid products may be recaptured in an alternate containemipli®ai(refrigerant

flush or coin cleaning).

2.3.5.3 General Population Exposures
Wastewater/liquid wastes, solid wastes or air emissiom€&fcould result in potential pathways for
oral, dermal or inhalation exposure to the general population.

Inhalation

Basd on TRI data and TCE physiadiemistry and fate properties, it is expected that inhalation
represents the primary route of exposure for the general population from ongoing industrial and/or
commercial activities. As noted in Sectidr8.3 Presence in the Environmeand Biota levels of TCE

in ambient air vary based on proximity to industrial and commercial activities and urban environments
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and there are a number of possible sources that may contribute to TCE levels in indoor air. Like other
VOCs TCE indrinking water can als contribute to general population inhalation exposures from
volatilization from water during activities such as shomag, bathing or washinfgvickone and

Knezovich, 199}

Oral

The general population may ingd$EE via contaminated drinking water and other ingested méds.
anticipated that ingestion of drinking water containing T{OE ongoing TSCA useggepresents the

primary route of oral exposure for this chemi@al.E has been detected in natierehle dinking water
monitoring dat aYear Review 3)ane is releakel th SusfaceSwabter from ongoing

TSCA uses and activities. The primary oral exposure route for TCE is expected to be via drinking water.
TCEGs presence i noabntributekto anlessemdagree,ito omralangestar tirough
showering or other nedrinking activities.

Dermal

General population dermal exposures are expected to primarily result from dermal contact with TCE
containing tap water during showering, bathand/or washingl CE has been detected in natiosaéle
drinking water moni t oYeariRgview 3 and is eleased {o isurface waterE P A0 s
from ongoing TSCA uses and activities. While instantaneous contact with TCE is expected to result
primarily in inhalation exposuresee Sectio.3.5.3, activities such as bathing or showering involve

longer durations, large surface area fquasure, and a different exposure medium (i.e., a more dilute
solution).

2.3.5.4 Potentially Exposed orSusceptible Subpopulations
TSCA requires that the determination of whether a chemical substance presents an unreasonable risk to
fa potentially exposed or susceptible subpopul a
EPA. TSCA83(12)st at es t hat nekReposedmoépsuscepaibye su
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, wor ker sGene@lrpopuldii@n isétthe dowlrot individuals inhabiting an area or
making up a whol e gr ougenreralpopdatiofiesS. ERAs20IiE r e t o t he

As part of the Problem Formulation, EPA identified potentially exposed and susceptible subpopulations
during the developmémnd refinement of the life cycle, conceptual models, the development of the
exposure scemi@s and the development of the analysis pliathis sectionEPA addressthe

potentially exposed @wubpopulations identified as relevant basedmaterexposureEPA will address

the subpopulation identified as relevant based on greater susceptibility in the hazard section.

EPA identifies the following as potentially exposed or susceptible subpopuldtierte theilgreater
exposure
1 Workers and occugiionalnon-uses.
1 Populations in buildings elmcated with facilities using TCE.
1 Consumersnd bystanders associated with consumerTGSE has been identified as being used
in products available to consumenswever, only some individuals within the geal
population may use these products. Therefore, those who do use these products are a potentially
exposed or susceptible subpopulation due to greater exposure.
1 Other goups of individuals within the general population who may experience greater egosur
due to their proximity to conditions of uieatresult in releases to the environment and
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subsequergxposurege.qg., individuals who live or work near manufacturing, processing, use or
disposal sites

In developing exposure scenari&® A will analyzeavailable data tascertairwhether some human

receptor groups may be exposed via exposure pathways that may be distinct to a particular
subpopulation or lifestage (e.g.,hi | dr ends cr a wl-to-mayth behagiars) énd whgthenp r h
some hman receptor groups may have higher exposure via identified pathways of exposure due to
unique characteristics (e.g., activities, duration or location of exposure) when compared with the general
population(U.S. EPA, 2005k

In summary, m the risk evaluation for TCE, ER#lans to analyzthe following potentially exposed
groups of human receptors: workers, occupationalusams, consumers, ligaders associated with
consumer usandother groups within the general population who may experience greater exposure.
EPA may also identify additional potentially exposed or susceptible subpopulations that will be
considered based on greater exposure.

2.4 Hazards (Effects)

For scoping, EPA conducted comprehensive searches for data on haZ&té#s a$ described in

Strategy for Conductinbiterature Searches for Trichloroethylene (TCE): Supplemental Document to

the TSCA Scope Document, CASRNOT® (EPA-HQ-OPPTF20160737. Based on initial screening,
EPAplans to aalyzethe hazards of CE identified in the scope document. However, when conducting

the risk evaluation, the relevance of each hazard within the context of a specific exposure sdénari

be judged for gpropriateness. For example, hazards that ocdyrasna result of chronic exposures may

not be applicable for acute exposure scenarios. This means that it is unlikely that every hazard identified
in the scope document will be considered for every expas@rmario.

2.4.1 Environmental Hazards

EPA identifiedthe following sources of environmental hazard data for TELEopean Chemicals
Agency (ECHA) Databas@CHA, 20173, EPA Chemical Test Rule Dafdl.S. EPA, 2017 and
Ecological Hazed Literature Search ResultsTnichloroethylene (CASRN 7®1-6) Bibliography:
Supplemental File for the TSCA Scope Docur(feRA-HQ-OPPT20160737 U.S. EPA, 2017y Only
theon-topicreferences listed in the Ecological Hazard Literature Search Results were considered as
potentially relevant data/ information sousder the risk evaluation. Inclusion criteria were used to
screen the results of the ECOTOX literature search (as explainedSitrabegy fo Conducting
Literature Searches for Trichloroethylene (TCE): Supplemental Document to the TSCA Scope
Document, CASRN: 791-6) (EPA-HQ-OPPT20160737). Data from the screenditerature are
summarized beloTable 2-8) as ranges (mimax).EPA plans to review these data/information
sources during risk evaluation using ttea quality revew evaluation metrics and the rating criteria
described in thépplication of Systematic Review in TSCA Risk Evaluafloris EPA, 201R

EPA alsoevaluated studigsreviously reviewed in the 20@uropearinion (EU) environmental risk
assessment on TQECHA, 2009 and in the ECHA Database on T@tat supplements the 2064
environmentatisk assessment.

The EPA TSCA 2014 TCE Riskssessmen(U.S. EPA, 2014xdid notanalyzeaquatic risk from TCE
exposures due to low hazard for aquatic toxicity. The low hazard was based on enpelesiatence,
low bioaccumulation, and physieahemical properties of TCE. The assessment concluded that the
potential environmental impacts, i.e., risk, is expected to be low from environmental releases
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Additionally, TCE meets the criteria under Secti64 ofthe Canadian Environmental Protection Act
(CEPA), 1999 and is therefore on the List of Toxic Substan8eksddule ). Under Section 64f

CEPA TCE is a substance that is determined to be toxic dimcemtering or may enter the

environment in a quantity or concentration or under conditions that have or may have an immediate or
long-term harmful effect on the environment or its biological diversityisA assessmemas

completed byhe Environment and Climate Change Canada (ECCC) under Schedule 1 concluded that
TCE has thgotential to cause harm to the environmgéntvironment Canada, 19p8pecifically,

ECCC concluded that TCE is not expected to cause adverse effects to aquatic biota or terrestaal wildlif
but may cause adverse effects to terrestrial plants from atmospheric concentrations of TCE.

Toxicity to Aquatic Organisms

Aquatic toxicity data were identified for fish, aquatic invertebrates, algae, and amphizatesand
chronic aquatic toxicity studies considered in this assessment are summarfiabi 218 (below). Fish
acute 9énourlethalconcentration at which 50% of test organisms(ti€so) values ranged from 1.9
mg/L to 66.8 mg/L. For aquatic invertebratte acuteeffect concentratiomt which 50% of test
organisms exhibit an effe(Cso) values ranged from 7.8 mg/L (a-#8ur EGoin Daphnia magnato
22 mg/L (a 24hour EGo in Daphnia magnga For aquatic plants, acute ksxalues range from 26.24
mg/L to 820mg/L. For amphibiansacute 9éhour LGso values range from 412.0 mg/L to 490.0 mg/L
and acut®6-hr EGso values range from 2&g/L to more tharB5 mg/L For planariarffDugesia
japonicg, an LGoof 1.7 mg/L was reported over 7 days.

For chronic fish toxicity, ao-observablesffect mncentratio(NOEC) of 10.568 mg/L and bbwest
observableeffect mncentratioLOEC) of 20.915 mg/L were reported for mortality, resulting in a
chronic value ChV) for fish of 14.850 mg/L. For aquatic invertebrates, a NOEC of 7.1 mg/L and a
LOEC of 12 mg/L was reported for reproduction, resulting in a ChV of 9.2 ragiL.aquatic plants, a
NOEC of 0.02 mg/L and a LOEC of 0.05 mg/L were reported for growth, resulting in a Ch®3of
mg/L.

As stated in SectioR.3.1, TCE is not expected to accumulate in aquatic organisms. The COCs
calculated later in this section showanute COC of 340 ppb and a chronic COC of 3 ppb. As stated in
Section2.3.4 surface water monitoring data show detection concentrations fob&lo the acute

COC but above the chronic COC.

Toxicity to Terrestrial Organisms

Terrestrial toxicity data were identified for terrestrial invertebrates, plants, avian, fungi, and mammals
(Table 2-8) (U.S. EPA20179. For terrestrial invertebrates, an acute value was reported in earthworms
(Eisenia fetidawith a48-hour LGso of 105 pg/cm. Acute toxicity was observed in terrestrial plants
exposed through hydroponic root exposure at 118 mg/L for two weeks, and in terrestrial plants exposed
through the air at 10,8g/m? for five hours. Another study reported ansz6f greater than 1,000 nig/

for oat and turnip plants exposed to TCE through the soil for two weeks. Limited relevant data was
available for avian and fungi. Acute toxicity values for mammals exposed to TCE ranged from 457
mg/kg bd wt to 2,190 mg/kg bd wt (LOEC).

For chronic valug in terrestrial invertebrates, a NOEC of 1 mg/L and a LOEC of 30 mg/L were reported
in nematodes over 28 days, resulting in a ChV of 5 m@Hronic toxicity values were reported for
terrestrial plants exposed to TCE through soil with a NOEC of 50 m@/OEC of 150 mg/L, and a

ChV of 87 mg/L over two months. Chronic toxicity was also observed in terrestrial plants exposed
through the air with concentrations of TCE as low asl®.B ug/ni over a 6month timeperiod.
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As stated in SectioR.3.1, TCE is not expected to partition to soil but is expected to volatilize to air,
based on its physical chemical propertReview of hazard data for terraatrorganisms shows
potentialhazargd however physical chemical properties do not support an exposure pathway through
water and soil pathways to these organisms.

Toxicity to Sediment Organisms

No data orthetoxicity to sediment organisn{s.g.Lumbriculus variegatuydyalella azteca,
Chironomugiparius) werefound; fowever, as stated in Secti@rB.1, TCE is not expected to partition
to sediment, based on physical chemical properties.

Toxicity to Microorganisms

Toxicity values formicroorganisms, including microorganisnmsactivated sludge and ciliates, were
found dur i ngValteB rams from aBour E@s of 260 mg/L for inhibition of respiration
in activated sludge to a 2dur EGo of 410 mg/L for growth inhibition in the ciliateetrahymena
pyriformis
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Table 2-8. Ecological Hazard Characterization of TCE

Duration| Test organism| Endpoint Haza[d Units EffecF Citation
value Endpoint
Aquatic Organisms
. 1.97 . Yoshioka (1986)
Fish LCso 66.8 mg/L Mortality Alexander (1978)
Aquatic . : Abernethy (1988)
invertebrates ECe0 78122 | mg/L Mortality Leblanc (1980)
26.24i Tsai (2007)
Acute Algae ECso ' mg/L Growth Lukavsky et &
820
(2011)
LCso 4:5006 mg/L Mortality Fort (2001)
Amphibian | McDaniel et al
EGso 227 >85 [ mg/L | Deformities (2004)
Planarian LCso 1.7 mg/L Mortality Yoshioka (1986)
Acute COC 0.34 mg/L
NOEC 10.568
Fish LOEC 20.915 | mg/L Mortality Smith (1991)
Chv 14.850
Aguatic NOEC 7.1
inve?tebrates LOEC 12 mg/L | Reproductior] Niederlehner et al.
Chronic Chv 9.2 (1998)
NOEC 0.02
LOEC 0.05
Algae Chv 0.03 mg/L Growth Labra et al. (2010)
Chronic COC 0.003 mg/L
Terrestrial Organisms
. Neuhauser (1985)
Earthworm LCso 105 ug/cn? | Mortality Neuhauser (1986)
Terrestrial plant Dietz and Schnoor,
: 118- mg/L | Zero growth;
Acute (Hydroponlc or| LOEC/EGo 1,000 growth (2001) Ballhorn
soil exposure) (1984)
Terrestrial plant Reduction in_ Environnent
: LOEC 10.8 | pg/m® |Photosyntheti  — .-
(air exposure) Pigment Canada (1993)
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Ratio of
polychromatig
y cells to :
: 4571 mg/kg | . Hrelia et al. (1994)
Mammalian LOEC 2190 bawt mlc_ronucleate Hoffmann (1987)
in bone
marrow;
survival
NOEC 1
Nematode LOEC 30 mg/L | Abundance| Fuller et al. (1997)
Chv 5
Chronic Terrestrial plant NOEC 50 Strycharz and
(soil exposI?Jre) LOEC 150 mg/L Growth Newman (2009)
Chv 87
: . Reduction in ,
Terrestrial plant 2.71 . Environnent
(air exposure) LOEC 10.8 ug/m Phot_osynthetl Canada (1993)
Pigment
Microorganisms
Respiration
. . 2601 inhibition; ECHA (2017a)
Acute | Microorganisms ECso 410 mg/L population Yoshioka (1985)
growth rate

“ Values in the table are presented in the number of significant figures reported by the study authors.

Concentrations of Concern

The concentrations of concern (COCSs) for aquatic ecological endpoints were derived based on the
ecological hazard data for TCEhe information below describes how the acute and chronic COCs were
calculated for aquatic toxicity.

The acute COC is derived by dividing the planariaday LGso of 1.7 mg/L (the lowest acute value in
the dataset for aquatic organisms) by an assessawtoit (AF) of 5as described i(U.S. EPA, 201R

1 Lowest value for the-day planarian L& (1.7 mg/L) / AF of 5 = 0.34ng/L; 0.34 x 1,000 = 340
Mo/L.

The acute COC of 340 ppb, derived from the aplaaarian endpoint, will be used for TCE.

The chronic COC is derived by dividing the algae ChV of 0.03 mg/L (the lowest chronic value in the
dataset for aquatic organisms) by an assessment factoaefdescribed i(U.S. EPA, 2011

1 Lowest value for algae ChV (0.03 mg/L) / AF of 10 = 0.003 mg/L; 0.003 x 1,000 = 3 pg/L.

The chronic COC of Bpb, derived from the chronic algal endpoint, will be used for TCE.
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The applicatio of assessment factors is basadstablished EPA/OPPT methddsS. EPA, 2012

(U.S. EPA, 201Band were used in this hazard assessment to calculate lower bound effect levels
(referred toas the concentration of concern@®C) that would likely encompass more sensitive species
not specificdly represented by the available experimental data. Also, assessment factors are included in
the COC calculation to account for differences in id®d intraspecies variability, as well as
laboratoryto-field variability. It should be noted that thesesessment factors are dependent upon the
availability of datasets that can be used to characterize relative sensitivities across multiple species
within a given taxa or species group, but are often standardized in risk assessments conducted under
TSCA, sine the data available for most industrial chemicals are limited.

In conclusion, the hazard of TCE to aquatic organisms from acute exposures is modetheehanard
from chronic exposures is high based on available data. The hazard of TCE is expeetedvttor
sedimentdwelling organisms and terrestrial organisms based on physical and chemical properties of
TCE.

2.4.2 Human Health Hazards

TCE has an existing EPA IRIS Assessmght. EPA, 2011kand an ATSDR Toxicological Profile

(ATSDR, 2014% hence, many of the hazards of TCE have been previously compiled and systematically
reviewed. Furthermore, EPA previously wed data/information on health effects endpoints,

identified hazards and conducted dosgponse analysis in the TSCA Work Plan Chemical Risk
Assessment of TCRJ.S. EPA, 2014 EPA has relied heavily on these comprehensive reviews in
preparing this problem formulatioBPA expects to use these previous analyses as a starting point for
identifying key and supporting studies to inform the harealth hazard assessment, including dose
response analysislhe relevant studies will be evaluated using the data quality criteria in the

Application of Systematic Review in TSCA Risk Evaluations doc@mént=PA, 2018 EPA also

expects to consider other studies (e.g., more rgcpuablished, alternative test data) that have been
published since these reviews, as identified in the literature search conducted by the Agency for TCE
[Trichloroethylene (CASRN 79 01 6) Bibliography:
(EPA-HQ-OPPT20160737% U.S. EPA, 2017)). Based omreasonablhavailable information, the
following sections describe the potential hazards associated with TCE.

2.4.2.1 Non-Cancer Hazards
Acute Toxicity
Human volunteers reported Ichinose and throat irritation in TCE inhalation studigsS. EPA, 2014
and laboratory studies have also demonstrated acute effects of TCE on the respiratory tract in the form
of both localized irritation and broad fibrosis as well as labored bregthifg EPA, 2011 Acute
exposures to TCE have additionally shown to cause central nervous system depression and cardiac
arrhythmias while there are also reports of deaths fatigwiccidental exposu(elAC/AEGL, 2009.
An Acute Exposure Guideline Level (AEGL) has been detifior TCE(NAC/AEGL, 2009.

Liver toxicity

Several available human studies have repatiactal and functional evidence of TARduced liver

toxicity. The primary effect of TCE on liver in laboratory rodents is hepatomegaly (which has also been
observed in humans), with only mild effects seen in other indicators of toxicity such as rewidosis
enzyme changg$).S. EPA, 2011¢

Kidney toxicity
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Multiple lines of evidence in human and animaidsés support the conclusion that TCE induces toxic
nephropathy. Visible effects resulting from TCE exposure include both histopathological and weight
changes in the kidngy.S. EPA, 2011k

Reproductive/developmental toxicity

Human studies have reported TCE exposure to be associated with increased sperm density and
decreased sperm quality, altered sexinade or function, and altered serum endocrine levels. Male
reproductive effects have been corroborated by several laboratory animal studies reporting effects on
sperm, libido/copulatory behavior and serum hormone levels, while histopathological lesestsiar
epididymis, altered spermocyte binding and reduced fertilization have also been observed. Evidence
for female reproductive toxicity is more limited, however delayed parturition (giving lreth)

identified as an adverse eff¢tt.S. EPA, 2011 Additionally, epidemiologicabndor experimental
animal studies of TCE have reported increases in total birth defects, central nervous system (CNS)
defects, oral cleft defects, eye/ear defects, kidney/urinary tract disorders, musculoskeletal birth
anomalies, lung/respiratory tract disordesiezletal defects, developmental immunotoxicity, and cardiac
defectqU.S. EPA, 2011y Increased incience offetal cardiac malformationwas identifiedas the most
sensitive health endpointithin the developmental toxicity domaimthe TSCA Work Plan Chemical

Risk Assessment of TCE.S. EPA, 2014x

Neurotoxicity

Both epidemiologic and animal studies have reported abnormalities in trigeminal nerve function and
psychomotor effects in association with TCE exposure. Laboratory animal dtadeedemonstrated
additional critical effects from TCE exposure including auditory impairment and decreased wakefulness
(U.S. EPA, 2011

Immunotoxicity

TCE promotes both immunosuppressive and-aataune effects in humans and animals. Sensitive
markers of immunosuppression that have been observed include decreased thymus weight and
cellularity as well aseduced immune cell response. Aitamune effects include hypersensitivity
(discussed in sensitization secti@md increased anti dSSDNA/ssDNA antibodigsS. EPA, 2011k

Sensitization

Limited epidemiological data do not support an association between TCE exposure and allergic
respiratory sensitization or asthma; however, there is strong human evideseedre skin

sensitization resulting in dermatitis, mucosal lesions and often systemic effects such as hepatitis. Skin
sensitization tests on rodents corroborate the contact allergenicity potential of TCE and its metabolites
along with the resulting immme-mediated hepatiti€J.S. EPA, 2011¢

2.4.2.2 Genotoxicity and Cancer Hazards
Studies in humans have showonvincing evidence of a causal association between TCE exposure in
humans and kidney cancer as well as human evidence of TCE carcinogenicity in the |lyerpoid
ti ssues. Further support for TCEG6s culisrinoniulipegeni c
rodent cancer bioassays in rats and mice of both sexes, similar toxicokinetics between rodents and
humans, mechanistic data supporting a mutagenic mode of action for kidney tumors, and the lack of
mechanistic data supporting the conclugsiohat any of the mode(s) of ac
tumors are irrelevant to humafis.S. EPA, 2011x TCE is considered to have both genotoxic and non
genotoxic mechani sms. Foll owing EPA@S.EBAIIi del i ne
2005, including a weight of evidence judgemeh€Eiscos i der ed fAcarcinogenic
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routes of exposure and calculated quantitative estimates of risk from oral and inhalation expoSures
EPA, 20118.

2.4.2.3 Potentially Exposed orSusceptible Subpopulations
TSCA requires that the determination of whether a chemical substance presents an unreasonable risk
include consi der at i o nent@lfy expasad erasisaeptibldosubpopulatiank t o A
identified as relevanttotherisk® uati ono by EPA. TSCA A 3(12) st
exposed or susceptible subpopulationd means a g
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 womeo,r k er s, or the el derl y.
assessment, EPA will evaluate available data to ascertain whether some human receptor groups may
have greater susceptibility than the gener al p o

2.5 Conceptual Models
EPArisk assessment guidan@e.S. EPA, 2014p1998), defines Problem Formulation as the part of the
risk assessment framework that identifies the factors to be considéhedassessment. It draws from
the regulatory, decisiema ki ng and policy context of the asse
technical approach.

A conceptual model describes the actual or predicted relationships between the chemical substance and
receptors, either human or environmental. These conceptual models are integrated depictions of the
conditions of use, exposures (pathways and routes), hazards and receptors. The initial conceptual model
describing the scope of the assessment for trichoyleete, have been refined during problem

formulation. The changes to the conceptual models in this problem formulation are described along with
the rationales.

In this sectionEPA outlines those pathways that will be included and further analyzed iskhe r
evaluation; will be included but will not be further analyzed in risk evaluation; and will not be included
in the TSCA risk evaluation and the underlying rationale for these decisions.

EPA determined as part of problem formulation that it is not napess conduct further analysis on

certain exposure pathways that were identified in the trichloroethylene scope document and that remain
in the risk evaluation. Each risk evaluation willfifi-for-purpose) meaning not all conditions of use

will warrant the same level of evaluation and the Agency may be able to reach some conclusions
without extensive or quantitative risk evaluatio®®.FR 33726, 33734, 33783uly 20, 2017).

As part of this problem formulation, EPA also identified exposure pathways under other environmental
statutes, adminisred by EPA, which adequately assess and effectively manage exposures and for which
long-standing regulatory and analytical processes already exist, i.e., the Clean Air Act (CAA), the Safe
Drinking Water Act (SDWA), the Clean Water Act (CWA) and the Reseonservation and

Recovery Act (RCRA). EPA worked closely with the offices within EPA that administer and implement

the regulatory programs under these statutes. In some cases, EPA has determined that chemicals preser
in various media pathways (i.eif,avater, land) fall under the jurisdiction of existing regulatory

programs and associated analytical processes carried out under othadBP#stered statutes and

have been assessed and effectively managed under those programs. EPA believes DAtrisk TS
evaluation should focus on those exposure pathways associated with TSCA uses that are not subject to
the regulatory regimes discuss above because these pathways are likely to represent the greatest areas ¢
concern to EPA. As a result, EPA does plan to include in the risk evaluation certain exposure

pathways identified in th€CE scope document.
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2.5.1 Conceptual Modelfor Industrial and Commercial Activities and Uses Potential Exposures

and Hazards
The revised conceptual mod€&igure2-2) describes the pathways of exposure from industrial and
commercial activities and usestdathloroethylenghat EPA plans to include in the risk evaluation.
There are exposures to workers and/or occupationatisers via inhalation routes and/or exposures to
workers via dermal routes for all conditions of use identified in this problem formulatianPIA @0%4 2
risk assessmeift).S. EPA, 2014); inhalation exposures to vapor were assessed as the most likely
exposure route; however, there are poé dermal exposures for some conditions of use, such as
maintenance of industrial degreasing tanks and manual handling of metal parts removed from industrial
degreasing tanks. In addition to the pathways illustrated in the figure, EPA will evaluaiteeacti
resulting in exposures associated with distribution in commerce (e.g. loading, unloading) throughout the
various lifecycle stages and conditions of use (e.g. manufacturing, processing, industrial use,
commercial use, disposal) rather than a singgildution scenario.

Inhalation

There is potential for inhalation exposures to TCE in worker scenBff#® 2014 risk assessment

(U.S. EPA,20149 of TCE in degreasing, spot cleaning and arts & crafts uses assumed that inbalation

the primary exposureoutebased on the physicahemical properties of TCE (e,figh vapor

pressure)l nhal ati on exposures for workers are regul e
standards for TCEwnhich include a PEL of 10ppm TWA, exposure monitoring, control measures and
respiratory protection. EPA expects that exposure via inhalatiobevilhe most significant route of

exposure fooccupationaéxposure scenaripscluding those involving workers and occupational-non
usersand will be furtheranalyzed.

Dermal

There is potential for dermal exposures to TCE in many worker scenariosukegpts skin that are
instantaneous would be expected to evaporate before significant dermal absorption could occur based on
the physical chemical properties including the vapor pressure, water solubility aneWdth& estimate

from IHSkinPerm, a matheaical tool for estimating dermal absorption, is 0.8% absorption and 99.2%
volatilization). Exposure that occurs as a deposition over time or a repeated exposure that maintains a
thin layer of liquid TCE would have greater absorption (the estimate frokinRA&m for an &r

exposure is 1.6% absorption and 98.4% volatilization). In both instantaneous or repeated exposure
scenarios, the dermal exposures to liquid TCE would be concurrent with inhalation exposures and
overall the contribution of dermal exposup the total exposure is relatively small. This is in agreement
with the NIOSH skin notation profile for TCE, which estimates a low hazard potential by dermal
absorption for systemic effects when inhalation and dermal exposures are cor{blid&nd, 2017.
Therefore, it is not anticipated that dermal absorption will be significant for the majority of occupational
exposure scenarios; thus, roccluded dermadxposure scenarios will not bealyzedor workers.

Based on the 2017 NIOSH Skin Notation Profile for TCE, TCE is associated with systemic and direct
(i.e., irritation) effects, as well as sensitization. An occluded exposure scenario, wherein liqual TCE i
not able to evaporate readily, may have dermal exposures that significantly contribute to the total
exposure or effects on the skin (e.g., dermal sensitization). An example of such an occluded scenario
includes TCE being trapped under a wo@&elove duing occupational activities, thus preventing the
rapid volatilization that generally inhibits dermal absorption. Therefore, occluded dermal exposure
scenarios will banalyzedor workers.

Generally occupational nomsers would not be expected to haeemalcontact with liquidTCE;
therefore dermal exposure for these receptors will noabalyzed
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Waste Handling, Treatment and Disposal

Figure2-2 shows that waste handling, treatment and disposal is expected to lead to the same pathways
as other industrialandoome r c i a | activities and uses. The pat
Treatmentand Disps al 6 box to the AHazards Potentially A

Exposures See Se crouted to ac2urately rafiect theoexpecied exposuee pathways,
routes, and receptors associated with these conditions of Ti€#o

For each condition of use identifiedfigure2-2, a determination was made as to whether or not each
unique combination of exposure pathwegyte, and receptor will be further analyzed in the risk

evaluation. The results of that analysis along with the supporting rationale are presépieendix C
andAppendix E
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INDUSTRIAL AND COMMERCIAL
ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS © HAZARDS

Manufacturing

Processing:
* Processingasa
reactant/intermediate

= Incorporated into of -
formulations, mixtures,or | [4% 4| Hquid Contact Hazards Potentially Associated
reaction products with Acute and/or Chronic
= Repackaging - Exposures
= Non-incorporative N N Occupational See Section 2.4.2
activities Vapor/ Mist Inhalation Mon-Users
- Fugitive
i Emissions ®

Recycling

Solvents for Cleaning and
Cregreasing

Lubricants and Greases

Adhesives and Sealants

Functional Fluids

Paints and Coatings

Cleaning and Furniture Care
Products

KEY:
Other Industrialor

Pathways and receptors that will notbe
Commercial Uses®

further analyzed

= - _ Pathways that will be further analyzed.
Laundry and Dishwashing Pathways that will not be further analyzed.

Products

) Waste Handling,

Treatment and Disposal [

Wastewater and Liguid Waostes
(See Figure 2-4)

Figure 2-2. TCE Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposures and Hazards

The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from iodomstréacaid
activities and uses GfCE.

aSome products are used in both commercial and consumer applications. Additional uses of TCE are inciéti 3n

b Fugitive air emissions are those that are not stack emissions, and include fugitive equipment leaks from valves, dflangesalempressors, sampling connections
andopenrended lines; evaporative losses from surface impoundment and spills; and releases from building ventilation systems.

¢ Receptors include potentially exposmdsusceptible subpopulations.

dWhen data and information are availatdesupport the analysis, EPA also considers the effect that engineering controls and/or personal protective equipment have on
occupational exposure levels.
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2.5.2 Conceptual Modelfor ConsumerActivities and Uses Potential Exposures and Hazards

The revised coreptual modeligure2-3) illustrates the pathways of exposure from consumer uses of
TCE that EPA plans to include in the risk evaluation. In(th&. EPA, 2014xrisk assessment,

inhalation exposures to vapor and mist were assessed as the most likely exposure route; however, there
are potential dermal exposures for some conditions of use. It shoubddaktihhat some consumers may
purchase and use products primarily intended for commercial use.

Inhalation

There is potential for inhalation exposures to TCE from consumerAsesentioned above

EPA/ OPPTOGs 2014U.3 EP\k2014refd @Esirsdengeasing, spot cleaning and arts &
crafts uses assumed that inhalation is the main exposure pathway based on thegbieysical
properties of TCE (e.ghigh vapor pressurefePA expects that exposure via inhalation will be the
primaryroute of exposure for consumer exposuieconsumers and bystanders and will be evaluated.

Dermal

There is potential for dermal exposures to T&in consumer uses. As described in section 2I5CE

in direct contact witlskin would be expected to evaporate before significant dermal absorption could
occur Based on TCEOGs physical chemical progmertie:s
log Kow, only 0.8% is expected to be absorbed dermally after instantaneous exposure and only 1.6% of
TCE is expected to be absorbed dermally after-aa8 duration of continual depositidaurthermore,

dermal exposures to liquid TCE are expectedetodncurrent with inhalation exposures, which reflect

the preponderance of overall exposure from a particular use or activity for most consumer exposure
scenarios. Therefore, nartcluded dermal exposure scenarios will noabalyzedor systemic effects

for usersHowever,dermal sensitization will still be considered for these scenarios. Teralso be

certain scenarios with a higher dermal exposure potefaratxamplean occluded scenario where

liquid TCE is not able to evaporateadilysuch as a user holdingag soaked with liquid TCRgainst

their palm during a cleaning activityherefore, occluded dermal exposure scenarios will be evaluated

for bothsystemic effectand sensitization and natcluded scenariosill only be evaluate for

sensitizationln scenarios involving exposure to TCE vapor, inhalation and dermal exposures would
also be concurrent, with predominate exposure from inhalation. A dermal to inhalation uptake ratio of
around 0.1% for vapor to skin scenarios is prtediaising IHSkinPerm. Therefore, only the inhalation
exposures will banalyzedn these cases.

Generally individuals that have contact with liquid TCE would be users and not bystanders. Therefore
dermal exposures to liquid TCE are not expected andaitibra is the primary route of exposure for
bystandersThere is potential for bystanders or users to have indirect dermal contact via contact with a
surface upon which TCE has been applied (e.g., counter, floor). Based on the expectation that TCE
would evaporate from the surface rapidly, with <1% dermal absorption predicted from instantaneous
contact, this route is unlikely to contribute significantly to overall expoJimrerefore, dermal exposure
scenarios will not banalyzedor bystanders.

Oral

Oral exposure to TCE may occur through incidental ingestion of TCE mists that deposit in the upper
respiratory tractEPA initially assumed that mists may be swallowed. However, based on physical
chemical propertiesnists of TCE are expected tbe rapidly absorbed in the respiratory tract or
evaporatdeing introduced into the respiratory tract, thaatribuing to the amount of CE vapor in

the airavailable for inhalation exposureurthermore, based on available toxicological daRA does

not expect inhalation and oral routes of exposure to differ significantly in the toxidi@©fTherefore,
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EPA will notanalyzeoral exposures to mists and instead will assume mists will be absorbed in the
lungs.

Oral exposuresouldalso occur throughandto-mouth patterns following dermal contact with TG¥s.
described, dermal contact would not be expected for bystanders, and any TCE present on surfaces of the
home or skin surfaces is expected to volatilize ragidiyaking it available for inhalatroas a vapor

before oral ingestion may occur through such patterns. Therefore, EPA vahailgzeoral exposures

for users or bystanders and instead assume any mists present are absorbed in the lungs and any TCE
present on surfaces are inhaled as vapors.

Disposal

EPA does not plan to further analyze exposure to consumers from disposal of consumer praducts.
anticipated that most products will be disposed of in original containers, particularly those products that
are purchased as aerosol cans. Thexg be some consumer exposure (dermal or inhalation) during

clean up following uses(g.,spills, dripg leading to transient dermal exposure or inhalation exposure.
Disposal of spent products are expected to be taken to municipal landfill sites acteédaled disposed

of as part of their waste handling practices.
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CONSUMER
ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS © HAZARDS

Solvents for Cleaningand
Degreasing

| Lubricants and Greases |

Dermal® Consumers

Hazards Potentially

‘ Adhesives and Sealants ‘ .l Liquid Contact Associated
with Acute and/or
Cleaning and Furniture Care Chronic
Exposures

See Section 2.4.2

Bystanders

Products [
:I Vapor/Mist |_4 Inhalation

Laundry and Dishwashing
Products

Arts, Crafts, and Hobby
Materials

Other Consumer Uses®

KEY:

Pathways and receptors that will notbe
further analyzed

e Pathways that will be further analyzed.
Pathways that will not be further analyzed.

Figure 2-3. TCE Conceptual Model for Consumer Activities and Uses: Potential Exposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from consusner s ibes

TCE.

aSome products are used in both commercial and consumer applications. Additional uses of TCE are inciékti 3n

b Exposure may occur through mists that deposit in the upper respiratory tract however, based on physical chemicalrpistperfieSE will likely be rapidly

absorbed in the respiratory tract or evaperand not result in an oral exposukithough less likely given the physieahemical properties, oral exposure may also occur
from incidental ingestion of residue on hand/body.

¢ Receptaos include potentially exposexnt susceptible subpopulations.
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2.5.3 Conceptual Modelfor Environmental Releass and Wastes: Potential Exposures and
Hazards
The revised conceptual modabure2-4 illustrates the expected exposure pathways to human and
ecological receptors from environmental releases and waste saesnciated with industrial and
commercial activities for TCE. The thavays that EPA plans to include and analyze further in risk
evaluation are described 8ection2.5.3.1and shown in the conceptual madehe patlvays that EPA
plans to include but not further analyze in risk evaluation are descril@stiion2.5.3.2and shown in
the conceptual model. Thethways that EPA does nptan to include in risk evaluation are described
in Section2.5.3.3

2.5.3.1 Pathways That EPA Plans to Include and Further Analye in Risk
Evaluation

EPA expects to analyze aquatecieqi.e. aquatic plantgxposed via contaminated surface water
There are no national recommended water quality criteria for the protection of aquaticTi@&Efand
as a result EPA does not believe th&E exposure to aquatic organisms in surface water has been
adequately assessed or effectively managed under other EPA statutory authadbiEsoethylene is
released to surface water from ongoing indus#mal/or commercial activities, as reported in recent TRI
and DMR release and loading data. TRI reporting from 2015 indicates direct releases to surface water of
52 Ibs/yr and indirect releases to surface water (i.e., seniteffo apublically owned treiment works
(POTW)) of 28 Ibs/yr. In 2016, the top ten DMRsdhargers reported sigpecific loadings to surface
water of 17.5 to 1,564 Ibs/yr. Within tipast ten years of surface water monitoring data from STORET,
there are detections (e.g., maximunb0fppb and average of 4.5 ppb), that do not exceed the
preliminary acute COCs (acute COC = 340,dgsed oran acute planarian endpinbut did exceed
the preliminary chronic COC (chronic COC = 3 pphsed on a chronic algal endpdifEPA has not
devdoped CWA section 304(a) recommended water quality criteria for the protection of aquatic life for
trichloroethylene, and there are no national recommended criteria for this use available for adoption into
state water quality standards and available ferindNPDES permitéseeSection2.5.3.3. Due to the
rational above, EPA will further analyze aquatic life risk evaluation.

2.5.3.2 Pathways that EPA Plans to Include But Not Further Analyze
Based on TCE6s fate properties, it is not antic
treatment. TCE has a predicted 81% wastewater treatment removal efficiency, predominately due to
volatilization during aeration. Any TCE present in the watation of biosolids following wastewater
treatment and land application would be expected to rapidly volatilize into air. Furthermore, TCE is not
anticipated to remain in soil, as it is expected to either volatilize into air or migrate through soil into
groundwater. Therefore, the land application of biosolids will not be analyzed as a pathway for human
or ecological exposure.

Based on TCEO6s fate properties, it is anticipat
water; thus, it is notgected that a significant portion of TCE would be available to enter the sediment
compartment.

Review of hazard data for terrestrial organisms shmtsntialhazard; however, physical chemical
properties do not support an exposure pathway through aradesoil pathways to these organisms.
Therefore, exposure to terrestrial organisms will not be analyzed.
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2.5.3.3 Pathways that EPA Does Not Plan to Include in the Risk Evaluation
Exposures to receptors (i.e. general population, terrestrial species) may ocadndfrstmal and/or
commercial uses, industrial releases to air, water or land, and other conditions of use. As described in
Section 2.5, EPA does not expect to include in the risk evaluation pathways under programs of other
environmental statutes, admimstd by EPA, which adequately assess and effectively manage
exposures and for which lorgianding regulatory and analytical processes already exist. These
pathways are described below.

AmbientAir Pathway

The Clean Air Act (CAA) contains a list of hazat air pollutants (HAP) and provides EPA with the
authority to add to that list pollutants that present, or may present, a threat of adverse human health
effects or adverse environmental effects. For stationary source categories emitting HAP, the CAA
requres issuance of technologpased standards and, if necessary, additions or revisions to address
developments in practices, processes, and control technologies, and to ensure the standards adequately
protect public health and the environment. The CAA thyeprovides EPA with comprehensive

authority to regulate emissions to ambient air of any hazardous air pollutant.

TCE is a HAP. EPA has issued a number of technehaped standards for source categories that emit
TCE to ambient air and, as appropridtas reviewed, or is in the process of reviewing remaining risks.
Because stationary source releases of TCE to ambient air are adequately assessed and any risks
effectively managed when under the jurisdiction of the CAA, EPA does not plan to evaluateremissi
pathways to ambient air from commercial and industrial stationary sources or associated inhalation
exposure of the general population or terrestrial species in this TSCA evaluation.

Drinking Water Pathway

EPA has regular analytical processes to identify and evaluate drinking water contaminants of potential
regulatory concern for public water systems under the Safe Drinking Water Act (SDWA). Under SDWA
EPA must al so revi ew anddrinkimgywatergeguiations eaepyib yearp.r i at e

EPA has promulgated National Primary Drinking Water Regulations (NPDWRSs) under the Safe
Drinking Water Act for trichloroethylene. EPA has set an enforceable Maximum Contaminant Level
(MCL) as close as feasible & health based, n@nforceable Maximum Contaminant Level Goal

(MCLG). Feasibility refers to both the ability to treat water to meet the MCL and the ability to monitor
water quality at the MCLSDWA Section 1412(b)(4)(Dand public water systems are uegd to

monitor for the regulated chemical based on a standardized monitoring schedule to ensure compliance
with theMCL.

Hence, because the drinking water exposure pathway for trichloroethylene is currently addressed in the
SDWA regulatory analytical poess for public water systentS?A does not plan to includleis

pat hway in the risk evaluation for trichloroeth
Pollution Prevention and Toxics will continue to work together providing understandirapalysis of

the SDWA regulatory analytical processes and to exchange information related to toxicity and

occurrence data on chemicals undergoing risk evaluation under TSCA.

Ambient Water Pathway

EPA develops recommended water quality criteria under se8@id(a) of the CWA for pollutants in

surface water that are protective of aquatic life or human health designated uses. A criterion is a hazard
assessment only; i.e., there is no exposure assessment or risk estiMlaginrstates adopt criteria that
EPAapproves as part of st at eéxgosureéesgansideredovhegn stateat e r

Pageb4 of 209



permit writers determine if permit limits are needed and at what level for a specific discharger of a
pollutant to ensure protection of the designated ustweakceiving water. This is the process used
underthe CWA to address risk to human health and aquatic life from exposure to a pollutant in ambient
waters.

EPA has developed CWA section 304(a) recommended human health criteria for 122 chemicals and
aquaic life criteria for 47 chemicals. A subset of these chemisalsd ent i f i ed as fdApri ol
(103 human health and 27 aquatic life), including trichloroethyl8iiee CWA requireshatstates adopt
numeric criterigor priority pollutantsfor which EPA has published recommended criteria under section
304(a), the discharge or presence of which in the affected waters could reasonably be expected to
interfere with designated uses adopted the.dtateother pollutants with recommended human health
criteria, EPA regulations require that state criteria contaiiicgrit parameters and constituents to
protect designated usé3nce states adopt criteria as water quality standards, the reyukes that
National Pollutant Discharge Elimination System (NFI)#ischarge permits include effluent limits as
stringent as necessary to meet standards. CWA section 301(b){@hH{E€permit issuance process
accounts for risk in accordance with the applicable ambient water exposure péthmay health or
aguatic lie as applicabldpr the designated water use and, thereforeftanisk from the pathway can

be considered assesse®l managedf numeric water quality criteria are not available for a pollutant

for permit writers to develop permit limits, the ria&sociated with the ambient water exposure pathway
cannot be considered assesaed managed

EPA has developed recommended water quality criteria for protection of human health for
trichloroethylene which are available foossibleadoption into state wat quality standards and are

available forpossibleuseby NPDES permiing authorities in deriving effluent limits to meet state

narrative criteria As such, this pathway wil|l not be incl
Office of Water and Qice of Pollution Prevention and Toxics will continue to work together providing
understanding and analysis of the CWA water quality criteria development process and to exchange
information related to toxicity of chemicals undergoing risk evaluation uR8€A. EPA may update

its CWA section 304(a) water quality criteria for trichloroethylene in the future under the CWA.

Disposal, Sedimentrad Soil Pathways

TCE is included on the list of hazardous wastederthe Resource Conservation and Recovery Act

(RCRA) (40 CER 88 261.22, 261.31, 261.32, 261.24; Appendix VII of 40 CFIR Th& general RCRA
standard in section 3004 @y the technical (regulatory) criteria that govern the management (treatment,
storage, and disposal) of hazardous waste (i.e., Subtitle C) are those "necessary to protect human health
and the environment,” RCRA 3004(a). The regulatory criteriaforidgni ng fAchar acteri s
wastes and for fAlistingod a wa s tiakriska® humanhealthcbo us a
the environmenf40 CFR 88 261.11, 261.2261.29. RCRA statutory criteria for identifying hazardous
wastes require EPA t o 0 tteade [ard]degiadability inaatuceppotantial t o x i
for accumulation in tissue, drother related factors such as flammability, corrosiveness, and other
hazar dous c BubtitleaGcdanteofs coser notcosly hazardowssteghat are landfilledbut

also hazardous wastes that are incinerated (subject to joint control underR©OEFe C and the Clean

Air Act (CAA) hazardous waste combustidtaximum Achievable Control TechnologWlACT)) or

injected intoUnderground Injection Control{C) Class | hazardous waste wells (subject to joint

control under Subtitle C and the Safe DimikWater Act (SDWA)).

Emissions to ambient air from municipal and industrial waste incineration and energy recovery units
will not be included in the risk evaluation, as they are regulated under section 129 of the Clean Air Act.
CAA section 129 also requis EPA to review and, if necessary, add provisions to ensure the standards
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adequately protect public health and the environment. Thus, combustmodcts from incineration
treatment offCE wastes ((< 2 million Ibs identified ihable2-6) would be subject to these regulations,
as would TCE burned for energy recovery (2.6 million Ibs).

EPA does not plan to include -@ite releases to land that go to underground injectidmeimisk

evaluation. TRI reporting in 2015 indicated 122 pounds released to underground injection to a Class |
well and no releases to underground injection wells of Clas84s Bnvironmental disposal of
trichloroethylene injected into Classvell typesare presumed to be managed and prevented from

further environmental release by RCRA and SDWA regulations. Therefore, disposal of trichloroethylene
via underground injection is not likely to result in environmental and general population exposures.

EPA does not plan to include releases to land that go to RCRA Subtitle C hazardous wastenandfills
therisk evaluation Based on 2015 reporting, the majority of TRI land disposal includes Subtitle C

landfills (49,501 pounds) with a much smaller amounatn s f er r ed t o i esttelamdr | a n
off-site (400 pounds reported in 2015). TCE is present in commercial and consumer products that may
be disposed of in landfills, such as Municipal Solid Waste landfills. Design standards for Subtitle C
landfills require double liner, double leachate collection and removal systems, leak detection system, run
on, runoff, and wind dispersal controls, and a construction quality assurance program. They are also
subject to closure and pedbsure care requiremenigluding installing and maintaining a final cover,
continuing operation of the leachate collection and removal system until leachate is no longer detected,
maintaining and monitoring the leak detection and groundwater monitoring system. Bulk liquids may

not be disposed in Subtitle C landfills. Subtitle C landfill operators are required to implement an analysis
and testing program to ensure adequate knowledge of waste being managed, and to train personnel on
routine and emergency operations at the facitfgzardous waste being disposed in Subtitle C landfills
must also meet RCRA waste treatment standards before disposal. Given these controls, general
population exposure in groundwater from Subtitle C landfill leachate is not expected to be a significant
pathway.

EPA does not plan to include -@ite releases to land froRCRA Subtitle D municipal solid waste

landfills or exposures of the general population (including susceptible populations) or terrestrial species
from such releasan this TSCA evaluationWhile permitted and managed by the individual states,
municipal solid waste (MSW) landfills are required by federal regulations to implement some of the
same requirements as Subtitle C landfills. MSW landfills generally must have a liner system with
leadhate collection and conduct groundwater monitoring and corrective action when releases are
detected. MSW landfills are also subject to closure andgbastire care requirements, and must have
financial assurance for funding of any needed corrective actd8W landfills have also been designed

to allow for the small amounts of hazardous waste generated by households and very small quantity
waste generators (less than 220 Ibs per month). Bulk liquids, such as free solvent, may not be disposed
of at MSW lamlfills.

EPA does not expect to include-site releases to land from industrial Awezardous and
construction/demolition waste landfills. Industrial Asszardous and construction/demolition waste
landfills are primarily regulated under state regulafmggrams. States must also implement limited
federal regulatory requirements for siting, groundwater monitoring, and corrective action, and a
prohibition on open dumping and disposal of bulk liquids. States may also establish additional
requirements sucas for liners, postlosure ad financial assurance, but are not required to do so.
Therefore, EPA does not expect to include this pathway in the risk evaluation.
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RELEASES AND WASTES FROM EXPOSURE PATHWAY RECEFTORS HAZARDS

INDUSTRIAL / COMMERCIAL / CONSUMER USES
Direct
Discharge Water
Sediment

P _ .
Biosolids errestrial
Species

Hazards Potentially Associated with Acute
and/or Chronic Exposures:
See Section 2.4.1

Industrial Pre-
Treatment or
Industrial WWT

Aguatic
Species

h 4

Wastewater or

Liquid Wastes ® Indirect]

h

Discharge

Land Dis posal

Sail

KEY:
Pathways and receptors that will not be
further analyzed
e Pathways that will be further analyzed.
Pathways that will not be further analyzed.

Figure 2-4. TCE Conceptual Model for Environmental Releaseand Wastes: PotentiaExposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human and environmental receptors from

environmental releases and waste$OE.
aIndustrial wastewater or liquid wastes may be treatesiterand then released to surface water (direct discharge);weated and released to POTW (indirect

discharge).
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2.6 Analysis Plan
The analysis plan presented here is a refinement of the initial analysis plan that was published in the
Scope of the Risk Evaluation forichloroethylen EPA-HQ-OPPTF20160737-0057 U.S. EPA,
20179.

The analysis plan outlined here is based on the conditions of use for trichloroethylene, as described in
Section2.2 of this problem formulatiorEPA is implementing systematic review approaches to identify,
select, assess, integrate and summarize the findings of studies supporting the TSCA risk evaluation. The
analytical approaches and considerations in the analysis plan are used to frame tbktkeope

systematic review activities for this assessment. The supplemental docApp@i@iation of Systematic

Review in TSCA Risk Evaluatiofi$.S. EPA, 201§ provides additional information about criteria and
methods that have been and will be applied to the first 10 chemical rislatvas.

While EPA has conducted a comprehensive search for reasonably available data as described in the
Scope for TCEEPA-HO-OPPT20160737005% U.S. EPA, 2017y EPA encourages submission of
additional existing data, such as full study reports or workplace monitoring from industry sources, that
may be relevant for refining conditions of use, exposures, hazards and potentially exposed or susceptible
subpopulationsgluring the risk evaluation. EPA will continue to consider new information submitted by

the public.

During risk evaluation, EPA will rely on the comprehensive literature rebuttsloroethylene (CASRN

79 01 6) Bibliography: ASopp Pocume(ERAHQ-OPPF2016673% or t h
U.S. EPA, 2017por supplemental literature searches to address specific questions. Further, EPA may
consider any relevant confidential business information (CBI) in the risk éealuia a manner that

protects the confidentiality of the information from public disclosure. The analysis plan is based on
EPAG6s k n otuichlerogtbykendo date, which includes partial, but not complete review of

identified literature. If additiorladata or approaches become available, EPA may refine its analysis plan
based on this information

2.6.1 EXxposure

Based on their physicahemical properties, expected sources, and transport and transformation within
the outdoor and indoor environmeahemicalsubstances are more likely to be present in some media
and less likely to be present in others. Mespacificexposurdevels will vary based on the chemical
substance of interest. For most higtority chemical substances, naaro background level(sao be
characterized through a combination of available monitoring data and modeling approaches.

2.6.1.1 Environmental Releases
EPA plarsto further analyze releaseswater, based on information described3ection2.5. For the
purposs of developing estimates of occupational exposure, EPA may use release related data in selected
data sources such as the Toxics Release Inventory (TRI) and National BEsiesentory (NEI)
programs.

EPA expects to consider and analyze releases to water as follows:

1) Review reasonably available published literature or information on processes and activities
associated with TCE conditions of use to evaluate the types of releases and wastes
generated.
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EPA plans to evaluate other sources of information such as the EHBANEGuidelines and
may use these data in conducting the exposure assessment component of the risk evaluation.

EPA has reviewed some key data sources containing information on processes and activities
resulting in releases, and the information founshiswnbelow as well agn AppendixB.3. EPA

will continue to review data sources identifieddppendixB.3 during risk ealuation. The
evaluation strategy for engineering and occupational data sources discussekpplittaion of
Systematic Review in TSCA Risk Evaluations docufueat EPA, 201Bdescribes how studies
will be reviewed.

2014 Draft ATSDR Toxicological Profile for TCE

U.S. EPA TRI DatgReporting Year 2016 only)

U.S. EPA Generic Scenarios

OECD Emission Scenario Documents

U.S. EPA NEI Data

EU Registration, Evaluation, Authorization and Restriction of Chemicals (REACI
Specific Environmental Release Categories (SpERC) factsheets

Discharge Monitoring Report (DMR) surface water discharge data from NPDES
permitted facilities

EPA AP-42 Air Emission Factors

2) Review reasonably available chemicadpecific release data, including measured or

estimated release data (e.g., data collect under the TRI program).

EPA has reviewed key release data sources including the Toxics Release Inventory (TRI). EPA
will continue to review relevant data sources as identifiethinle ApxB-4 during risk
evaluation EPA will match identified data to applicable conditions of use and identify data gaps
when no data are found.

Additionally, for conditions of use where no published release data are available, EPA may use a
variety of methods including the application of conservative release estimation approaches and
assumptions in the Chemical Screening Tool for Exposures anbamental Releases
(ChemSTEER

3) Review measured or estimated release data for surrogate chemicals that have similar uses

and physicatchemical properties.

Data for similar solvents that are used in the same applications, sudit@adpropane or
perchloroethylenemay be used as surrogate for TCE. EPA will review literature sources
identified and if surrogate data are fouidPA will match these data to applicable conditions of
use for potentially filling data gaps.

4) Understand and consider regulatory limits that may inform estimation of environmental

releases.
EPA has identified information from various EPA statutes (including, for example, regulatory

limits, reporting thresholds, or disposal requirements) that may be relevant to release estimation.
Some of the information has informed revision of the conceptodkls during problem
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formulation. EPA will further consider relevant regulatory requirements and their potential
impact on environmental releases during risk evaluation.

For example, TCE is a hazardous air pollutant (HAP) regulated under the Cigfsat ACAA),

and both a priority pollutant and toxic pollutant regulated under the Clean Water Act (CWA).
EPA has identified several regulations under the CAA and CWA that regulate the release of TCE
into the environment, including tlidational Emission $indards for Hazardous Air Pollutants
(NESHAB for Halogenated Solvent Cleaning (40 CFR Part 63, Subpart T), the NESHAP for the
Synthetic Organic Chemical Manufacturing Industry (SOCMI) (40 CFR Part 63, Subparts F, G,
H, and 1), and the Industrial Efflue@uidelines for Organic Chemicals, Plastics, and Synthetic
Fibers (40 CFR Part 414).

5) Review and determine applicability of Organisation for Economic Ceoperation and
Development (OECD) Emission Scenario Documents (ESDs) and EPA Generic Scenarios
(GS) tothe estimation of environmental releases.

EPA has identified OECD Emission Scenario Documents (ESDs) and EPA Generic Scenarios
that correspond to some conditions of use; for example, the ESD on Industrial Use of Industrial
Cleaners and the ESD émdustrial Use of Adhesives for Substrate Bonding may be useful. EPA
will need to critically review these generic scenarios and ESDs to determine their applicability to
the conditions of use assesseBA was not able to identify release scenarios cornespg to

several conditions of use, including recycling of TCE, commercial carpet cleaning, and as an
industrial process solvent. EPA will perform additional targeted research to understand those
conditions of use, which may inform identification of releasenarios. EPA may also need to
perform targeted research for applicable models and associated parameters that EPA may use to
estimate releases for certain conditions of use.

6) Map or group condition(s) of use to a release assessment scenario(s).

EPA has identified release scenarios and mapped (i.e., grouped) them to relevant conditions of
use as shown iAppendix C As presented in the fourtdolumn inTable_ApxC-1, EPA has

grouped the scenarios into seventeen representative release/exposure scenariosfiwd which
scenarios will be further analyzed. For example, some scenario groupings include Industrial
Batch Cold Cleaning and Industrial Roll Applications of paints/coatings and adhesives/sealants.
EPA was not able to identify release scenarios correspondingdrmbkegnditions of use (e.g.
recycling, commercial carpet cleaning, and use as an industrial process solvent) due generally to
a lack of knowledge of those conditions of use. EPA will perform additional targeted research to
understand those uses which na@prm identification of release scenarios. EPA will group

similar conditions of use (based on factors including process equipment and handling, release
sources, and usage rates of TCE and formulations containing TCE) into scenario groupings but
may furthe refine these groupings as additional information becomes available during risk
evaluation.

7) Evaluate the weight of evidence for environmental release scenarios.

EPA will rely on the weight of the scientific evidence when evaluating and integrating
environmental release data. The data integration strategy will be designed tbgtitpose in

which EPA will use systematic review methods to assemble the relevant data, evaluate the data
for quality and relevance, including strengths and limitatitoiwed by synthesis and
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integration of the evidence. Refer to thgplication of Systematic Review in TSCA Risk
EvaluationgU.S. EPA, 2018document for more information on the general process for data
integration.

2.6.1.2 Environmental Fate

EPA expects to consider and analyze fate angp@hin environmental media as follows:

1)

2)

3)

Review reasonably available measured or estimated environmental fate endpoint data
collected through the literature search.

Data on measured concentrations in water will be collected and used along with chemical and
physical properties to evaluate exposures in surface water groundwater wastewater treatment
systems, landfill leachate and other aqueous systeasured data omé chemical behavior of

TCE in aqueous systems will be collected via systematic reweaen not available chemical

and biological fate parameters will be estimated ugirggt i mat i on Program | nt
(EP1 S SPARCENnd other estimation models.

Using measured data and/or modeling, determine the influence of environmental fate
endpoints (e.g., persistence, bioaccumulation, partitioning, transport) on exposure
pathways and routes of exposure to human and envinmental receptors.

Measured fate data including volatilization from water, sorption to organic matter in soil and
sediments, aqueous and atmospheric photolysis rates, and aerobic and anaerobic biodegradation
rates, along with physicaghemical propertea nd model s such as the EP
(which estimates removal in wastewater treatment due to adsorption to sludge and volatilization

to air) and volatility model (which estimates hhié from volatilization from a model river and

model lake), willbe used to characterize the movenaad persistencef trichloroethylene in
environmental medi

Evaluate the weight of the evidence of environmental fate data.

EPA will rely on the weight of the scientific evidence when evaluating and integrating
environmental fate data. The data integration strategy will be designed tefdrefdiirpose in

which EPA will use systematic review methods to assemble the relevant data, evaluate the data
for quality and relevance, including strengths and limitations, follobyesynthesis and

integration of the evidence.

2.6.1.3  Environmental Exposures

EPA expects to consider the following in developing its environmental exposure assessment of
trichloroethylene:

1) Refine and finalize exposure scenarios for environmental receptors by considering unique

combinations of sources (use descriptors), exposure pathways, exposure settings,
populations exposed, and exposure routes.

For trichloroethylenegxposure scenaridsr environmental receptors include exposures from
surface water.
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2)

3)

4)

5)

Review reasonably available environmental and biological monitoring data for
environmental exposure to surface water.

EPA will rely on databases (see exampleswgknd literature dfained during systematic
review to include ranges and trends of chemical in surface water, inclugitigeads seen in
concentrations and spatial trends.

1 STORET and NWIS (USS/EPS)

1 OPPT monitoring database

Review reasonably available information on releases to determine how modeled estimates
of concentrations near industrial point sources compare with available monitoring data.

Available exposure models that estimsteface water (e.g.-EAST) will be evaluated and
considered alongside available surface water data to characterize environmental exposures.
Modeling approaches to estimate surface water concentrations generabiectrefollowing
inputs: direct releasinto surface water and transport (partitioning within media) and
characteristics of the enviroremt (river flow, volume of pond, meteorological data).

Determine applicability of existing additional contextualizing information for any
monitored data a modeled estimates during risk evaluation.

For example, site/location, time period, and conditions under which monitored data were
collected will be evaluated to determine relevance and applicability to widearsce
development. Any studies which aé levels of trichloroethylene in the environment or biota
with specific sources or groups of soes will be evaluated.

Evaluate the weight of evidence of environmental occurrence data and modeled estimates.

EPA will rely on the weight of the santific evidence when evaluating and integrating
environmental exposure data. The data integration strategy will be designed #imbpuipose
in which EPA will use systematic review methods to assemble thargldata, evaluate the
data for qualityand relevance, including strengths and limitations, followed by synthesis and
integration of the @ddence. Refer to the supplemental document, Application of Systematic
Review in TSCA Risk Evaluations, for more information on the general process for data
evaluation

2.6.1.4 General Population

EPA does not plan to consider and analyze general population exposures in the risk evaluation for TCE.
EPA has determined that the existing regulatory programs and associated analytical processes have
addressed are in the process of addressing potential risks of TCE that may be present in various media
pathways (e.g., air, water, land) for the general population. For these cases, EPA believes that the TSCA
risk evaluation should focus not on those exposure pgs)\eat rather on exposure pathways

associated with TSCA uses that are not subject to those regulatory processes

2.6.1.5 Occupational Exposures

EPAwill analyzeexposures to workers and occupational-osers as follows:

1) Review reasonably available exposure mamoring data for specific condition(s) of use.
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2)

3)

4)

EPA expectdo review exposure data including workplace monitoring data collected by
government agencies such as the Occupational Safety and Health Administration (OSHA) and
the National Institutéor Occupational Safety and Health (NIOSH), and monitoring data

found in published literatur@ncluding bothpersonal exposure monitoring data (direct
exposures) and area monitoring data (indirect expo3uE#3A has reviewed available
monitoringdatacolleded by OSHA and NIOSH and matched them to applicable conditions

of use. EPA has also identified data sources that may contain relevant monitoring data for the
various conditions of use. EPA will review these sources (identifigdbie_ApxB-5) and

other data sources &xtract relevant data for consideration and analysis during risk

evaluation.

Review reasonably available exposure data for surrogate chemicals that have uses and
chemical and physical properties similar to TCE.

EPA will review literature sources identified and if surrogate data are found, these data will be
matched to applicableonditions of use for potentially filling data gap®r several conditions

of use (e.g., cold cleaning, coating applications, adhesive applicationsm&pPeonsideother
similar solvents that share the same conditions oasgm®ssiblesurrogate for TCE.

For conditions of use where data are limited or not available, review existing exposure
models that may be applicable in estimating exposure levels.

EPA has identifiedEmission Scenario Documents (ESDs) from the Organization for Economic
Co-operation and Developmef@ECD) and EPAGeneric Scenario$5S0 sQrresponding to
some conditions of use. For example, the ESD on Industrial Use of Adhesives for Substrate
Bonding,the ESD on Metalworking Fluids, and the GS for textile finishing are some of the
ESDs and GS6és that EPA may use to esti mate
critically review these generic scenarios and ESDs to determine their applicability to the
conditions of use assessed. EPA was not able to idé&i8ibs and GSeorresponding to

several conditions of use, including manufacture of TCE, use of TCE as an intermediate,
recycling of TCE, and commercial carpet cleanlBBA may conduct industry outrdaefforts

or perform supplementakirgeted research to understand those conditions of use, which may
inform identification of exposure scenari&?A will consider inhalation exposure to vapor and
mist models in the Chemical Screening Tool for ExposndeEnvironmental Releases
(ChemSTEERTool that are routinely used for assessing new chemERK.may also need to
perform tageted research to identify applicable models that ERAd use to estimate

exposures for certain conditions of use.

Review reasonably available data that may be used in developing, adapting, or applying
exposure models to the particular risk evaluatiorscenario.

This step will be performed after Steps #2 and #3 above. Based on information developed from
Step #2 and Step #3, EPA will evaluate relevant data to determine whether the data can be used
to develop, adapt, or apply models for specific conditions of ugkd@arresponding exposure
scenarios)EPA may utilize existing, peeeviewed exposure models developed by EPA/OPPT,
other government agencies, or available in the scientific literature, or EPA may elect to develop
additional models to assess specific abod(s) of use. Inhalation exposure models may be
simple box models or twaone (neafield/far-field) models. In twezone models, the neéeld
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5)

6)

7)

exposure represents potential inhalation exposures to workers, andftakl faxposure
represents potentiamhalation exposures to occupational ngers.

As part of the 2014 RA and subsequent Section 6 rulemaking, EPA developed models to assess
inhalation exposures to workers and occupationalusarns during the use of TCE in spot

cleaning, vapor degreasingnd aerosol degreasing. The results of the RA and Section 6

analyses resulted in proposed rules banning the use of TCE in these scBnariasos

previously examined in the 2014 publication will be considered in this risk evaluation to ensure
previousassessments are in alignment with the Procedures for Chemical Risk Evaluation under
the Amended Toxic Substances Control At CER Part 702 During risk evaluation, EPA

will evaluate the applicability of the models to other conditions of use and adapt and refine

these models as necessary for evaluating exposure to TCE in scenarios not covered by the
proposed rules.

EPA will consider the effect advaporation when evaluating options for dermal exposure
assessment. In addition, EPA will consider the impact of occluded exposure or repeated dermal
contacts. EPA anticipates that existing EPA/OPPT dermal exposure models would not be
suitable for quantifiyng dermal exposure to highly volatile chemicals such as TCE.

Consider and incorporate applicable engineering controls and/or personal protective
equipment into exposure scenarios.

EPA will review data sources on engineering controls and personal pretegtiipment as
identified inTable_ApxB-6 and to determine their applicability and incorporation into
exposure scenarios during risk evaluation. Studies will be evaluated using the evaluation
strategies laid out in thiepplication ofSystematic Review in TSCA Risk Evaluat{@h§. EPA,
2018.

Evaluate the weight of the evidence of occupational exposure datahich may include
qualitative and quantitative sources of information.

EPA will rely on the weight of the scientific evidence when evaluating and integrating
occupational data. The data integration strategy will be designed teftwediirpose in which

EPA will use systematic review methods to assemble the relevant datmtevthe data for

guality and relevance, including strengths and limitations, followed by synthesis and integration
of the evidence. Refer to tgplication of Systematic Review in TSCA Risk Evaluatioss

EPA, 2018 document for more information on the general process foredalaation

Map or group each condition of use to occupational exposure assessment scenario(s).

EPA has identifiedbccupationaéxposure scenarios and mapped thenel®vantconditions of
useas shown iAppendix C As presented in the fourth columnTiable_ApxC-1, EPA has

grouped the scenarios int@ representative release/exposure scenasfaghich five scenarios

will be furtheranalyzedFor example, one scenario grouping is the aerosol application of mold
release and lubricant products to substrates, where mold release and lubricant products
containing TCE are applied to substrates via aerosol E&#swas not able to identify

occupatioml exposure scenarios corresponding to several conditions of use due generally to a
lack of understanding of those conditions of use. EPA will perform targeted research to
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understand those uses which may inform identification of occupational exposuneoscaami
analyze those uses identifidgeP A may refine the mapping/grouping of occupational exposures
scenariodpased on factor@.g.process equipment and handling, usage rates of TCE and
formulations containing TCE, exposure/release soumm@s@spondig to conditions of use as
additional information is identified during risk evaluation.

2.6.1.6 Consumer Exposures
EPAwill analyzeconsumer exposures as follows:

1) Review reasonably available consumer produespecific exposure data related to
consumeruses/exposures

The availability of TCE concentrations in consumer products will be evaluated. These data
provide the source term for any subsequent consumer modeling. Additional pspdaific

data will be reviewed and considered, including formutatype, application method,
percentage of TCE in product, and likely use patterns (e.g., frequency of use, duration of
activity, room of use).

2) Evaluate the weight of the evidencéor consumer exposurs.

EPA will rely on the weight of the scientific eddce when evaluating and integrating data
related to consumer exposure. The weight of the evidence may include qualitative and
guantitative sources of information. The data integration strategy will be designed téobe fit
purpose in which EPA will use/stematic review methods to assemble the relevant data,
evaluate the data for quality and relevance, including strengths and limitations, followed by
synthesis and integration of the evideriRefer to theApplication of Systematic Review in
TSCA Risk Evahtions(U.S. EPA, 2018document for more information on the general
process for data integration.

3) Review existing exposure models that may be applicable in estimating exposure levets
exposure pathways where data are not available

EPA will review existing consumer pgsure models that may be applicable in estimating

indoor air concentrations (near field and far field) for the user and bystander, and in estimating
dermal exposure to the consumer in transient exposures (e.g., typical consumer activities) and
longer term(e.g., occluded) exposure scenarios. Determine the applicability of the identified
models for use in a quantitative exposure assessment. Review reasonably available data that
may be used in developing, adapting or applying exposure models to the pardtites risk
evaluation.

4) Review reasonably available data that may be used in developing, adapting or applying
exposure models to the particular risk evaluation. For example, existing models developed
for a chemical assessment may be applicable to another chemical assessment deho
parameter data are available.

EPA will review reasonably available empirical data that may be used in developing, adapting

or applying exposure models to the exposure assessment of TCE. For example, existing models
developed for a chemical assessmmeay be applicable to another chemical evaluation if model
parameter data are available.
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5) Review reasonably available consumer produespecific sources to determine how those
exposure estimates compare with those reported in monitoring data.

EPA will evaluate the relative potential and magnitude of exposure routes based on available
data. For TCE, inhalation of vapor is expected to result in relatively higher exposure to
consumers and bystanders in the home compared with dermal absorption througioaiset

and ingestion of mists. The data sources associated with these respective pathways have not
been comprehensively evaluated, therefore quantitative comparisons across exposure pathways
or in relation to toxicity thresholds are not yet possible.

6) Review reasonably available populationor subpopulation-specific exposure factors and
activity patterns to determine if potentially exposed or susceptible subpopulations need be
further refined.

Based on hazard concerns, certain subpopulationsasystegnant women may be included for

any consumer use scenarios, as a user or bystander. Children and/or infants are generally not
considered fiusers, 0 but may be assessed as |
subpopulations may be subject reater exposure, such as DIY users or those in the business

of arts and crafts.

Considerations will include:

1  Age-specific differences (exposure factors and activity patterns) for populations defined in
the exposure scenarios. Exposure factors and @esiyatterns will be sourced from
EPA6s 2011 Exposure Factors Handbook.

1  Characteristics of the user of the consumer product and the bystander in the room,
including for example, women of child bearing age and children.

1  Subpopulations that may have greaeposure due to magnitude, frequency or duration
of exposuras they apply to specific consumer products

7) Map or group each condition of use to consumer exposure assessment scenario(s).

EPA has identified consumer exposure scendhiasinclude sources of exposure (i.e.,

consumer products), exposure pathways, exposure settings, exposure routes, and populations
exposedand mapped them to relevant conditions of aseshown irAppendix C As presented

in the fourth ctumn inTable_ApxD-1, EPAhas grouped the scenarios into 141 representative
releaséexposure scenarios, of which 88&narios will banalyzeduring risk evaluationThese
scenarios are associated with diffenetteptor groups (i.e., consumers and bystanders) and
different subcategories of use (e.g., liquid /43pnay applications of penetrating lubricant).

EPA may refine the mapping/grouping of consumer exposures scenarios as product use patterns
and are furthr characterized.

EPA will furtherrefine and finalize exposure scenarios for consuméhsthe following

considerations:

1  Reasonably available data on consumer products or products available for consumer use
including the weight fraction of TCE in products;

1 Information characterizing the use patterns of consumer products containing TCE
including the following: intended orkiely consumer activity, method of application (e.g.,
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sprayapplied, bruskapplied, dip), formulation type, amount of product used, frequency
and duration of individual use events, and room or setting of use;

The associated route of exposure for consunaeic;

Populations who may be exposed to products as users or bystanders in the home, including
potentially exposed and susceptible subpopulations such as children or women of child
bearing age and subsets of consumers who may use commeacailgble prodcts or

those who may use products more frequently than typical consumers.

= =1

During consumer exposure modeling, these factors determine the resulting exposure route and
magnitude. For example, while the product with the highest weight fraction in a giveimoer
product scenario could be run early on to indicate preliminary levels of exposure, that product
may not actually result in the highest potential exposure due to having a lower frequency of use.

2.6.2 Hazards (Effects)

2.6.2.5 Environmental Hazards

EPAwill condud an environmental hazard assessmemCH as follows:

1) Review reasonably available environmental hazard data, including data from alternative

2)

3)

test methods (e.g., computational toxicology and bioinformatics; higthroughput
screening methods; data on caigories and readacross;in vitro studies).

Environmental hazard data will be evaluated using the ecological toxicity data quality criteria
outlined in theApplication of Systematic Review in TSCA Risk Evaluaflariz EPA, 2018
document. The study evaluation results will be documented in the risk evaluation phase and
data from suitable studies will be extracted and integrated in the risk evaluation process.

Conduct hazard identification (the qualitative process of identifguge and chronic

endpoints) and concentratiresponse assessment (the quantitative relationship between hazard
and exposure) for all identified environmental hazard endp@nitable environmental hazard

data will be reviewed for acute and chronic gmdts for mortality and other effects (e.g.

growth, immobility, reproduction, etc.). EPA will evaluate the character of the concentration
response relationship€. positive, negative or no response) as part of the review.

Sufficient environmental hamh studies are available to assess the hazards of environmental
concentrations of CE to aquaticspecies (i.e. aquatpants.

Derive aquatic concentrations of concern (COC) for acute and chronic endpoints.

The aquatic environmental hazard studies beysed to derive acute and chronic

concentrations of concern (COC) for mortalgyowthor other endpoints determined to be
detrimental to environmental populations. Depending on the robustness of the evaluated data for
a particular organisne(g.aquaic plantg, environmental hazard values (e.g.
ECX/LCx/NOEC/LOEC, etc.) may be derived and used to further understand the hazard
characteristics of CE to aquatic species.

Evaluate the weight of the evidence of environmental hazard data.
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4)

EPA will rely on the weight of the scientific evidence when evaluating and integrating
environmental hazard data. The data integration strategy will be designed ttob@ditpose.

EPA will use systematic review methods to assemble the relevantitate the data for

quality and relevance, including strengths and limitations, followed by synthesis and integration
of the evidenceRefer to the supplemental documekpplication of Systematic Review in TSCA
Risk EvaluationgU.S. EPA, 201§ for more information on the general pess for data

evaluation

Consider the route(s) ofexposure, available biomonitoring data and available approaches
to integrate exposure and hazard assessments.

EPA believes there is sufficient information to evaluate the potential risks to aspexties
(i.e. aquatiglantg from exposures to TCE in surface water.

2.6.2.6 Human Health Hazards

EPA expects tmnalyze human health hazards as follows:

1)

2)

Review reasonably available human health hazard data, including data from alternative
test methods(e.g., computational toxicology and bioinformatics; higkthroughput
screening methods; data on categories and reatross;in vitro studies; systems biology).

Human health studies will be evaluated using the evaluation strategies laid out in the

Applicaion of Systematic Review in TSCA Risk EvaluaijonS. EPA, 2018 Human, animal

and mechanistic data will be identified and included as described in the Population, Exposure,
Comparator, and Outcome (PECO) statement for TCE (see ApgdedliXhe protocol

describes how studies will be evaluated using specific data evaluation criteria and a
predetermined systematic approach. Study results will be extracted and presented in evidence
tables by hazard endpoint. For the TCE risk@s@on, EPA will evaluate information in the

IRIS assessmelt).S. EPA, 2011); the final TSCA Work Pla Chemical Risk Assessment of

TCE (U.S. EPA, 2014xand studies published after 2010 that were captured in the

comprehensive literature search conducted by the Agency forT€E[c hol or oet hyl e
6) Bibliography: Supplemental File for the TSCA Scope Docur{lEREA-HQ-OPPT2016

0737 US.EPA, 2017 using OPPT6s structured process
Application of Systematic Review in TSCA Risk Evalualoris EPA, 2018 EPA intends to

review studies published after the IRIS assessment to ensure that EPA is considering
information that has been made available since these assessments were conducted. Evidence for
each health outcome will be integrated by synthesizingrtee of human epidemiology and

animal experimental evidence. The final TSCA Work Plan Chemical Risk Assessment of TCE
(U.S. EPA, 2014xincluded a assessment of fetal cardiac malformatidRA will use the

systematic review approa¢b.S. EPA, 2018to re-evaluate key studies in this assessment as

well as more recent information on thisendpainf. mechani sti c data as |
reevaluation of key studies. Mechanistata related to all other endpoints will be identified as
ASuppl ement al I nformation. 0

In evaluating reasonably available data, determine whether particular human receptor
groups may have greater susceptibility to t|
population.
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3)

4)

Reasonably available human health hazard data will be evaluated taiasebgther some
human receptor groups may have greater susceptibility than the general population to TCE
hazard(s). Susceptibility of particular human receptor groups to TCE will be determined by
evaluating information on factors that influence suscdipyibi

Conduct hazard identification (the qualitative process of identifying norcancer and
cancer endpoints) and doseesponse assessment (the quantitative relationship between
hazard and exposure) for all identified human health hazard endpoints.

Human health hazards from acute and chronic exposures will be identified by evaluating the
human and animal data that meet the systematic review data quality criteria described in the
Application of Systematic Review in TSCA Risk Evalualoris EPA, 201B8document. Data
quality evaluation will be performed on key studies identified from the Integrated Risk
Information System (IRIS) Toxicological Review of TQE.S. EPA, 2011);, the final TSCA

Work Plan Chemical Risk Assessment of TCES. EPA, 2014rand studies published after
2010 that were captured in the comprehensive literature search conducted by the Agency for
TCE[Tri chol oroethylene (79 01 6) Bibliography
Document (EPA-HQ-OPPTF20160737 U.S. EPA, 2017). Hazards identified by studies
meeting data quality criteria will be grouped by routes of exposure relevant to humans (oral,
dermal, inhalation) and by cancer and noncancer endpoints.

Doseresponse assessment will lfprmed in accordance with EPA guidarfceS. EPA,

2011h 19949. Doseresponse analyses performed forth8. EPA (2011c)RIS oral and

inhalation reference dose determinations may be used if the data meet data quality criteria and if
additional information on the identified hazard endpoints are not bieaia would not alter the
analysis.

The cancer mode of action (MOA) determines how cancer risks can be quantitatively evaluated.
EPA will evaluate information on genotoxicity and the mode of action for all cancer endpoints

to determine the appropriatp@oach for quantitative cancer assessment in accordance with the
U.S. EPA Guidelines for Carcinogen Risk Assessifigrit. EPA, 200p

Derive points of departure (PODs) where appropriate; conduct benchmark dose modeling
depending on the available data. Adjust the PODs as appropriate to conform (e.g., adjust
for duration of exposure) to the specific exposure scenarios evaluated.

Hazard dta will be evaluated to determine the type of desponse modeling that is
applicable. Where modeling is feasible, a set of @esponse models that are consistent with a
variety of potentially underlying biological processes will be applied to erapiyrimodel the
doseresponse relationships in the range of the observed data consistent with the EPA
Benchmark Dose Technical Guidance Docum#&vihere doseesponse modeling is not

feasible ho-observed-adverseeffect-levels (NOAELS) or lowestobserveeadverseeffect

levels COAELSs) will be identified.Non-quantitativedata will also be evaluated for

contribution toweight of evidence or for evaluation of qualitative endpoints that are not
appropriate for dose2sponse assessment.

EPA will evaluate whether the availalplysiologicallybasedpharmacokineti¢PBPK) and
empirical kinetic models are adequate for retoteoute and interspecies extrapolation of the
POD, or for extrapolation of the POD to standard exposure durations (etgndicontinuous
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exposure). If application of the PBPK model is not possible, oral PODs may be adjusted by
body weight* (BW?*%) scaling in accordance witlu.S. EPA, 2011} and inhalation PODs

may be adjustkby exposure duration and chemical properties in accordancéUWEhEPA,
19949.

5) Evaluate the weight of the evidencér human health hazarcs.

EPA will rely on the weight of the scientific evidence when evaluating and integrating human
health hazard data. The data integration strategy will be designed tddvepfirpose in which
EPA will use systematic review methods to assemble the relexntayaluate the data for
quality and relevance, including strengths amauding strengths and limitations, followed by
synthesis and integration of the evidence. Refer té\gdication of Systematic Review in

TSCA Risk Evaluation$).S. EPA, 2018document for more information ohe general

process for datavaluation

6) Consider the route(s) of exposure (oral, inhalation, dermal), available routto-route
extrapolation approaches, available biomonitoring data and available approaches to
correlate internal and external exposures to integrate exposure and hazard assessment.

EPA believes there will be sufficient data to conduct desponse analysis and/or benchmark
dose modeling for both inhalation and oral routes of exposure.

If sufficient dermal toxicity studies are not identified in the literature search to assssam

dermal exposures, then a rotiberoute extrapolation from the inhalation and oral toxicity

studies would be needed to assess systemic risks from dermal exposures. Without an adequate
PBPK model for the dermal route of exposure, the approackeshui in the EPA guidance
documenRisk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part E, Supplemental Guidance for Dermal Risk Assessooeihd) be applied. These
approaches may be able to further inform the relatiyrance of dermal exposures compared
with other routes of exposure.

2.6.3 Risk Characterization

Risk characterization is an integral component of the risk assessment process for both ecological and
human health risks. EPA wi l |l derive Riskhe ri sk <c¢h
Characterization HandboofJ.S. EPA2000.As d e f i n eRisk Characterza#ionolicy fit he
risk characterization integrates information from the preceding components of the risk evaluation and
synthesizes an overall conclusion about risk that is complete, informative and useédi$own

makers. o0 Risk characterization is considered to
important considerations about risk, not only the likelihood of the risk but also the strengths and
limitations of the assessment, and a descnpichow others have assessed the risk into an integrated
picture.

Risk characterization at EPA assumes different levels of complexity depending on the nature of the risk
assessment being characterized. The level of information contained in each askecization varies
according to the type of assessment for which the characterization is written. Regardless of the level of
complexity or information, the risk characterization for TSCA risk evaluations will be prepared in a
manner that is transparenkear, consistent, and reasonable (TCQRE. EPA, 2000 EPA will also

present information in this section consistent with approaches described in the Procedures for Chemical
Risk Evaluation Under the Amended Toxic Substances Control Act Risk Evaluation Framework Rul
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(82 FR 3372k For instance, in the risk characterization summary, EPA will further carry out the
obligations under TSCA section 26; for example, by identifying and assesgiagainty and

variability in each step of the risk evaluation, discussing considerations of data quality such as the
reliability, relevance and whether the methods utilized were reasonable and consistent, explaining any
assumptions used, and discussimgimation generated from independent peer review. EPA will also

be guided by EPAOG6s | n (WS Bra,t200pas it puides guitlapcefdu i d e |l i n
presenting risk informatiorConsistent with those guidelines, in the risk characterization, EPA will also
identify: (1) Each population addressed by an estimate of applicable risk effects; (2) the expected risk or
central estnate of risk for the potentially exposed or susceptible subpopulations affected; (3) each
appropriate uppebbound or lower bound estimate of risk; (4) each significant uncertainty identified in

the process of the assessment of risk effects and the stutiegould assist in resolving the

uncertainty; and (5) peer reviewed studies known to the Agency that support, are directly relevant to, or
fail to support any estimate of risk effects and the methodology used to reconcile inconsistencies in the
scientific information.
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APPENDICES
Appendix A

A.l

REGULATORY HISTORY

Federal Laws and Regulations

Table Apx A-1. Federal Laws and Regulations

Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

EPA Regulations

Toxics Substances
Control Act TSCA) -
Section 6(a)

Provides EPA with the authority to
prohibit or limit the manufacture
(including import), processing,
distribution in commerce, use disposal
of a chemical if EPA evaluates the risk
and concludes that the chemical prese
an unreasonable kigo human health or
the environment.

Proposed rule under section 6 ol
TSCA to address the unreasona
risks presented by TCE use in

vapor degreasg (82 FR 7432
January 19, 2017).

TSCA - Section 6(a)

Provides EPA with the authority to
prohibit orlimit the manufacture
(including import), processing,
distribution in commerce, use or dispoj
of a chemical if EPA evaluates the risk
and concludes that the chemical prese
an unreasonable risk to humarahie or
the environment

Proposed rule under section 6 oi
TSCA to address the unreasona
risks presented by TCE use in

commercial and consumer aeros
degreasing and for spot cleaning
dry cleaning facilities§1 FR
91592 December @&, 2016).

TSCA - Section 6(b)

Directs EPA to promulgate regulations
establish processes for prioritizing
chemicals and conductingski
evaluations on priority chemicals. In th
meantime, EPA is directed to identify
and begin risk evaluations on

10 chemical substances drawn from th
2014 update of the TSCA Work Plarr f(
Chemical Assessments.

TCE is on the initial list of
chemicals to bevaluated for
unreasonable risks under TSCA
(81 FR 91927December 19,
2016).

TSCA - Section 5(a)

Once EPA determines that a use of a
chemical substance is a significant ne\
use undell SCA section 5(a), persons 4
required to submit a significant new us
notice (SNUN) to EPA at least @dys
before they manufacture (including
import) or process the chemical
substance for that use.

Significant New Use Rule (8UR)
(81 FR 20535April 8, 2016).
TCE is subject to reporting unde
the SNUR for manufacture
(including import) or processing
TCE for use in a consumer prod
except for use in cleaners and
solvent degreasers, film cleaners
hoof polishes, lubricants, mirror
edge seants and pepper spray.
This SNUR ensures that EPA wi
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

have the opportunity to review a
new consumer uses of TCE and
appropriate, take action to prohit
or limit those uses.

TSCA - Section 8(a)

The TSCA section 8(a) CDR rule
requires manufacturers (including
importers) to give EPA basic exposure
related information on the types,
guantities and uses of chemical
substances produced domestically ang
imported into the United States.

TCE manufacturingincluding
importing), processing anuse
information is reported under the
CDR rule 6 FR 50816August
16, 2011).

TSCA - Section 8(b)

EPA must compile, keep current and
publish a list (the TSCA Inventory) of
each chemical substance manufacture
processed or imported in the United
States.

TCE was on the initial TSCA
Inventoryand was therefore not
subject to EPAG

review processg0 FR 16309
March 29, 1995).

TSCA - Section 8(e)

Manufacturers (including imports),
processors and distributors must
immediately notify EPA if they obtain
information that supports the conclusiol
that a chemical substance or mixture
presents a substantial risk of injury to
health or the envinment.

28 substantial risk notifications
received for TCE (U.S. EPA,
ChemView. Accessed April 13,
2017).

TSCA - Section 4

ProvidesEPA with authority to issue

rules and orders requiring manufacture
(including importers) and processors t«¢
test chemicasubstances and mixtures.

Seven studies received for TCE
(U.S. EPA, ChemView. Accesse
April 13, 2017).

Emergency Planning

and Community Right
to-Know Act (EPCRA
- Section 313

Requiresannual reporting from facilities
in specific industry sectors that employ,
10 or more full time equivalent
employees and that manufacture, proc
or otherwise use a THisted chemical in
guantities above threshold levels. A
fadlity that meets reportingequirements
must submit a reporting form for each
chemical for which it triggered reportin
providing data across a variety of
categories, including activities and use
of the chemical, releases and other we
management (e.gquantities recycled,
treated, combusted) and pollution
prevention activities (under section 66(
of the Pollution Prevention Act). These

data include onand offsite data as well

TCE is a listed substance subjec
to reporting requements under
40 CFR 372.65 effective as of
January 1, 1987.
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

as multimedia data (i.e., air, land and
water).

Federal Insecticide,
Fungicide, and
Rodenticide Act
(FIFRA) - Section 6

FIFRA governs the sale, distribution af
use of pesticides. Section 3 of FIFRA
generally requires that pesticide produ
be registered by EPA prior to distributi
or sale. Pesticides may only be registe
if, among other things, they do not cau
Aunreasonabl e adyv
environment. 0 Sec
provides EPA with the authoritp
cancel pesticide regrsitions if either: (1]
the pesticide, labeling, or other materig
does not comply with FIFRA or (2) whg
used in accordance with widespread &
commonly recognized practice, the
pesticide generally causes unreasonal
adverse effets on the environment.

TCE is no longer used as an ine
ingredient in pesticide products.

Clean Air Act CAA) -
Section 112(b)

Defines the original list of 18BIAPs.
Under 112(c) of the CAA, EPA must
identify and list source categories that
emit HAPs and then set emission
standards for thodested source
categories under CAA section 112(d).
CAA section 112(b)(3)(A) specifies thg
any person may petition the
Administrator to modify the list of HAP!
by adding or deleting a substance. Sin
1990, EPA has removed two pdtnts
from the original list, leaving 187 at
present.

Lists TCE as a HAP (42 U.S.C.
7412(b)(1)).

CAA - Section112(d)

Section 112(d) states that the EPA mu|
establish aNational Emission Standard:
for Hazardous Air Pollutani®NESHAP
for each category or subcategory of
major sources and area sources of HA
(listed pursuant to Seotn 112(c)). The
standards musequire the maximum
degree of emission reduction that EPA
determines to be achievable by each
particular source category. Different
criteria for maximum achievable contrc
technology (MACT) apply for ew and
existing sources. Less stringent
standards, knowas generally available

control technology (GACT) standards,

EPA has promulgated a number
NESHAP regulating industrial
source categories that emit
trichloroethyleneand other HAP
https://www.epa.gov/stationary
sourcesair-pollution/halogenated
solventcleaningnationat
emissionstandarddiazardotO .
These include, for example, the
NESHAP forHalogenated Solver
Cleaning 9 FR 61801Decembe
2, 1994) among others.
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

are allowed at the Administrator's
discretion for area sources.

CAA - Sections 112(d)
and 112 (f)

Risk and technology veew (RTR) of
section 112(d) MACT standards. Secti
112(f)(2) requires EPA0 conduct risk
assessments for each source category
subject to section 112(d) MACT
standards, and to determine if addition|
standards are needed to reduce ramgi
risks. Sectia 112(d)(6) requires EPA tq
review and revise the MACT standards
as necessary, taking into account
developments in practices, processes
control technologies.

EPA has promulgated a number
RTR NESHAP (e.g., the RTR
NESHAP forHalogenated Solver
Cleaning(72 FR 25138May 3,
2007)and will do so, as required
for the remaining source
categories with NESHAP.

CWA'T Sections
301(b), 304(b), 306,
and 307(b)

Requires establishment of Effluent
Limitations Guidelines and Standards |
conventional, toxic, and
non-conventional pollutants. For toxic
and norconventionapollutants, EPA
identifies the best available technology
that is economically achievable for tha
industry after considering statuilgr
prescribed factors and sets regulatory
requirements based on the performan
of that technology. Regulations apply t
existing and new sources.

CWA - Section 307(a)

Establishes a list of toxic pollutants or
combination of pollutants under the to
the CWA. The statute specifies a list 0
families of toxic pollutants also listed ir
40 CFR 401.15. Th
specified by those families are listed in
40 CFRpart 423, Appendix AThese are
pollutants for which best available
technology effluent limitations must be
established on either a national basis
through rules, or on a cabg-case best
professional judgement basisNational
Pollutant Discharge Elimirieon System
(NPDES permits.

TCE is designated as a toxic
pollutant under section 307(a)(1
of the CWA and as such, is subj
to effluent limitations.

Safe Drinking Water
Act (SDWA) - Section
1412

Requires EPA to publish a non
enforceable maximum contaminant ley
goals (MCLGSs) for contaminants whick
1. may have an adverse effect on the

health of persons; 2. are known to occ

EPA issued drinking water
standards for TCE pursuant to
section 1412 of the SDWA. EPA
promulgated the NPDWR for TC
in 1987 with a MCLG of zero an
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

or thee is a substantial likelihood that
the contaminant will occur inyblic
water systems with a frequency and at
levels of public health concern; and 3.
the sole judgement of the Administratg
regulation of the contaminant presents
meaningful opportuty for health risk
reductions for persons served by publi
water sptems. When EPA publishes al
MCLG, EPA must also promulgate a
National Primary Drinking Water
Regulation (NPDWR) which includes
either an enforceable maximum
contaminant level (MCL), or a required
treatment technique. Public water
systems are required toraply with
NPDWRs

enforceable MCL of 0.0081g/L
(52 FR 25690, July 8, 1987).

RCRA - Section 3001

Directs EPA to develop and promulgat
criteria for identifying the characteristid
of hazardous waste, and for listing
hazardous waste, taking into account
toxicity, persistence, and degradability
nature, potential foaccumulation in
tissue and otheetated factors such as
flammability, corrosiveness, and other
hazardous characteristics.

TCE is included on the list of
commercial chemical products,
manufacturing chemical
intermediates or of§pecification
commercial chemical products o
manufacturing camical
intermediates that, when disposg
(or when formulations containing
any one of these as a sole active
ingredient are disposed) unused
become hazardous wastes purs
to RCRA 3001. RCRA Hazardou
Waste Status: D040 at 0.5 mg/L
F001, FO02; U228

Conmmprehensive
Environmental
Response,
Compensation and
Liability Act
(CERCLA) - Section
102(a)

Authorizes EPA to promulgate
regulations designating as hazardous
substances those substances which, v
released into the envinment, may
present substantial dger to the public
health or welfare or the environment.
EPA must also promulgate regulations
establishing the quantity of any
hazardous substance the release of wj
must be reported under Sectibd3.

Section 103 requires persons in charg
vessels ofacilities to report to the
National Response Center if they have

knowledge of a release of a hazardoug

TCE is a hazardous substance v
a reportable quantity pursuant tg
section 102(a) of CERCLA (40
CFR302.4) and EPA is actively
overseeing cleanup of sites
contaminated with TCE pursuan
to the National Contingency Plar,
(NCP) (40 CFR 751).
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Statutes/Regulations

Description of Authority/Regulation

Description of Regulation

substance above the reportable quanti
threshold.

Other Federal Regulat

ions

OSHA

Requires employers to provide their
workerswith a place of employment fre
from recognized hazards to safety and
health, such as exposure to toxic
chemicals, excessive noise levels,
mechanical dangers, heat or cold streg
unsanitary conditions.

In 1971, OSHA issued
occupatonal safety and health
standards for TCE that included
Pemissible Exposure Limit (PEL
of 1200ppm TWA, exposure
monitoring, control measures an
respiratory protection (29 CFR
1910.1000).

While OSHA has established a
PEL for TCE, OSHA has
recognized that many of its
permissible exposure limits (PEL
are outated and inadequate for
ensuring protection of worker
heal t h. Most of
were issued shortly after adoptio
of the Occupational Safety and
Health (OSH) Act in 1970, and
have not been updated since thg
time. Section 6(a) of the OSH Ac
granted thé\gency the authority
to adopt existing Federal standa
or national consensus standards
enforceable OSHA standards. F
TCE, OSHA recommends the us
of the NIOSH REL of 2 ppm (as
60-minute ceiling) during the
usage of TCE as an anesthetic
agent an@5 ppm (as a X@our
TWA) during all other exposures

Atomic Energy Act

The Atomic Energy Act authorizes the
Department of Energy to regulate the
health and safety of its contractor
employees

10 GFR 851.23, Worker Safety
and Health Program, requires th
use of the 2005 ACGIH TLVs if
they are more protective than the
OSHA PEL. The 2005 TLV for
TCE is 50 ppm.

Federal Food, Drug,
and Cosmetic Act
(FFDCA)

Provides the FDA with authority to
oversee the safety of foodugs and
cosmetics.

Tolerances are esti@hed for
residues of TCE resulting from it
use as a solvent in the manufact
of decaffeinated coffee and spict
oleoresins (21 CFR 173.290).
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A.2  State Laws and Regulations

Table Apx A-2. State Laws andRegulations

State Actions

Description of Action

California Code of
RegulationfCCR), Title 17,
Section94509(a)

Lists standards for VOCs for consumer products sold, supplied, o
for sale omanufactured for use in California. As part of that
regulation, use of consumer general purpose degreaser products
contain TCE are banned in California and safer substitutes are in
(17 CCR, Section 94509(a).

StatePermissible Exposure
Limits (PEL9

Most states have set PELSs identical to the OSHA@N 8-hour
TWA PEL. Nine states have PELs dip p m. Californ
25 ppm is the most stringen€CR, Title 8, Table AC1).

VOC regulations for
consumer products

Many states regulate TCE as a VOC. These regulations may set
limits for consumer products and/or ban the sale of certain consur
products as an ingredient and/or impurity. Regulated products var
from state to state, and could include contact andsakaalhesives,
aerosols, eleatnic cleaners, footwear or leather care products and
general degreasers, among other products. California (Title 17,
California Code of Regulations, Division 3, Chapter 1, Subchaptel
Articles 1, 2, 3 and 4), ConnectidiR.C.S.A Sections 2247440,
22a17441, and 224.7444), Delaware (Adm. Code Title 7, 1141),
District of Columbia (Rules 2020, 20721, 20735, 20736, 20737),
lllinois (35 Adm Code 223), Indiana ( 326 IAC15), Maine (Chapter
152 of the Maine Departemt of Environmental Protection
Regulations), Maryland (COMAR 26.11.32.00 to 26.11.32.26),
Michigan (R 336.1660 and R 336. 1661), New Hampshire-{&nv
4100) New Jersey (Title 7, Chapter 27, Subchapter 24), New York
CRR-NY III A 235), Rhode Island (Air Bllution Control Regulation
No. 31) and Virginia (9VAC5 @apter45) all have VOC regulations
limits for consumer products. Some of these states also require
emissions reporting.

Other

TCE is on California Proposition 65 List of chemicals known to €a
cancer in 1988 or birth defects or other reproductive harm in 2014
(CCRTitle 27, section 27001 CE i s on Cal i f or
Products Regulations Candidate List of chemicals that exhibit a h
trait and are on an authoritative li€¢GR Title 22, Chapter 55).
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A.3 International Laws and Regulations

Table Apx A-3. Regulatory Actions b

Other Governments and Tribes

Country/ Organization

Requirements and Restrictions

Canada

TCE is on the Canadian List of Toxic Substances (CEP
1999 Schedule 1). TCE is also regulated for use and sa
for solvent degreasing und8olvent Degreasing
Regulations (SOR/206383) (Canada GazettePart 1l on
August 13, 2003). The purpose of tiegulation is to
reduce releases of TCE into the environment from solve
degreasing facilities using more than 1000 kilograms of
TCE per year. The regulation includes a market
intervention by establishing tradable allowances for the
use of TCE in solverdegreasing operations that exceed
the 1000 kilograms threshold per year.

European Union

In 2011, TCE was added to Annex X{¥uthorisation

list) of regulation (EC) No 1907/2066REACH
(RegistrationEvaluation, Authorization and Restriction
of Chemicals)Entities that would like to use TCE neede
to apply for authorization by October 2014, and those
entities without an authorization must stop using TCE b
April 2016. The European Chemicals Agency (ECHA)
received 19 applications for authorization fromiteeg
interested in using TCE beyond April 2016.

TCE is classified as a carcinogen category 1B, and was
added to the EU REACH restriction of substances
classified as carcinogen category 1A or 1B under the E
Classification and Labeling regulation (amoriges
characteristics) in 2009. The restriction banspllaging

on the market or use of TCE as substance, as constitue
of other substances, or, in mixtures for supply to the
general public when the individual concentration in the
substance or mixture exjual to or greater than 0.1 % w/w
(Regulation (EC) No 1907/2006REACH (Registration,
Evaluation, Authorization and Restriction of Chemicals)
Previous regulations, such as the Solvent Emissions
Directive (Directive 1999/13/EC) introduced stringent
emission controls of TCE.

Australia

In 2000, TCE was assessed (National Industrial Chemig
Notification and Assessment SchermiéCNAS (2000)
TrichloroethyleneAccessed April, 18 2017).

Japan Chemical Substances
Control Law

TCEis regulated in Japan under the following legislatior
1 Act on the Evaluation of Chemical Substances a
Regulation of Their Manufacture, etc. (Chemic{
Substances Control Law; CSCL)
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i Act on Confirmation, etc. of Release Amounts (
Specific Chemical Substances in the Environment a
Promotion of Improvements to the Management Therg
Industrial Safety and Health Act (ISHA)

Air Pollution Control Law

Water Pollution Control Law

Soil Contamination Countermeasures Act

Law for the Control oHousehold Products Containing
Harmful Substances

=A =4 =4 =4 A

(National Institute of Technology and Evaluation (NITE)
Chemical Risk Information Platform (CHIRP), Accessed
April 18, 2017)

Australia, Austria, Belgium,
Canada, Denmark, Finland,
France, Germany, Hungary,
Ireland, Israel, Japan, Latvia,
New Zealand, People's Republic
of China, Poland, Singapore,
South Korea, Spain, Sweden,
Switzerland, United Kingdom

Occupational exposure limits for TCE (GESTIS
International limit values for chemical agents

(Occupational eposure limits, OELs) database. Accesse
April 18, 2017).
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Appendix B PROCESS,RELEASE AND OCCUPATIONAL
EXPOSURE INFORMATION

This appendix provides information and data found in preliminary data gatherinGgor

B.1 Process Information

Procesgelated information téhe risk evaluation may include process diagrams, descriptions and
equipment. Such information may inform potential release sources and worker exposure activities for
consideration.

B.1.1 Manufacture (including Import)

B.1.1.1 Import
EPA has also not identified spéacifictivities related to the import of TCE. EPA expects imported
chemicals are stored in warehouses prior to distribution for further processing and use. In some cases,
the chemicals may be repackaged into differently sized containers, depending onrcdstoarel, and
quality control QC) samples may be taken for analyses.

According toSnedecor et al. (2004B)CE is typically shipped by truck or rail car or i5-&allon
drums. TCE may be stored in mild steel tanks equipped with vents and vent dryers to prevent water
accumulatior(Snedecor et al., 200%ib

B.1.1.2 Manufacturing
TCE was previously produced through chlorination of acetylene to IigtPa2Zhloroethane, then
dehydrochlorination to TCE in an aqueous base or by thermal crgékiegecor et al., 200)i[Due to
rising costs of acetylene, this process has largely been pbas@dl SDR, 2014aSnedecor et al.,
2004h. Currently, most TCE is manufactured via chlorio@tr oxychlorination of ethylene,
dichloroethane or ethylene dichloride (ED@BY SDR, 2014aSnedecor et al., 200)ib
1 Chlorination- The chlorination process involves a catalytic reaction of chlorine and ethylene,
dichloroethane or EDC to form TCE and perchloroethylene (PCE)psodocts and
hydrochloric acid (HCI) as a byprodu&T{SDR, 2014 Snedecor et al., 2000J.S.EPA, 198).
Typical catalysts include potassium chl ori de
activated carbon and activated chard@aledecor et al., 200%b
1 Oxychlorination- The oxychlorination process involves the reaction of either chlorine or HCI
and oxygen with ethylene, dichloroethane or EDC in the presence of a catalyst to produce TCE
and PCE as eproductsATSDR, 2014aSnedecor et al., 200%¥bThe process usually occurs in
a fluidizedbed reactofSnedecor et al., 200iiCommon catalysts are mixtures of potassium
andcupric chloridegSnedecor et al., 200%b

In either process the product ratio of TCE to PCE products are controlled bynadjlastreactant
rations(Snedecor et al., 2001b

B.1.2 Processing

B.1.2.1 Reactant or Intermediate
Processing as a reactant or intermedgthe use of TCE as a feedstock in the production of another
chemical product via a chemical reaction in which TCE is consumed to form the product. TCE is used as
a feedstock in the production of HFCs alternatives to CFCs, specifically thel BdCalterative to
CFG12(ATSDR, 2014aElsheikh et al., 2005 nedecor et al., 2004brhe production of HF.34a
from TCE can be caed out in one of two process@ssheikh et al., 20051n the first process, TCE is
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fluorinated in either a gasr liquid-phase reaction with hydrofluoric acid using a Lewis acid catalyst to
producethe hydrochlorofluorocarboiCFCG1333 whichis then subsequently fluorinated to produce
HFC-134a by reaction withydrofluoric acidusing a catalyqiElsheikh et al., 2005Smart and
Fernandez, 2000The second procesnvolves fluorination of TCE using a chromitbrased catalyst to
form HCFG133a as the major product and HEB4a as the minor produglsheikh et al., 2005The
HFC-134a is then separated out using distillation and the HC33a is recycled back through the
reactor(Elsheikh et al., 2005

B.1.2.2 Incorporating into a Formulation, Mixture or Reaction Product
Incorporation into a formulation, mixture or reaction product refers to the process of mixing or blending
of several raw materials tabtain a single product or preparation. The uses of TCE that may require
incorporation into a formulation include adhesives, sealants, coatings and lubricanspadiite
formulation processes were not identified; however, several Emission Scenariodde(ESDS)
published by the OECD have been identified that provide general process descriptions for these types of
products. The formulation of coatings typically involves dispersion, milling, finishing and filling into
final package$OECD, 2009). Adhesive formulation involves mixing together volatile and-motatile
chemical components in sealed, unsealed or heated pro(@gses, 2009x Sealed processes are most
common for adhesive formulation because many adhesives are designed to set or react when exposed tc
ambient condition$OECD, 2009 Lubricant formulation typically involves the blending of two or
more components, including liquid and solid additives, together in a blending (@8$&D, 2004.

B.1.2.3 Repackaging
EPA has not identified specific information for the repackaging of TCE. EPA expects repackaging sites
receive the chemical in bulk containers amohsfer the chemical from the bulk container into another
smaller container in preparation for distribution in commerce.

B.1.2.4 Recycling
TRI data from 2015 indicate that some sites ship TCE fesitdfrecycling. EPA did not identify TGE
specificinformation for recycling; however, a general description of waste solvent recovery processes
was identified. Waste solvents are generated wlinegolvenstreambecomes contaminated with
suspended and dissolved solids, organics, water or other subgtaAcEPA, 1980n Waste solvents
can be restored to a condition that permits reuse via solvéamaon/recyclindU.S. EPA, 1980r
The recovery process involves an initial vapor recovery, (@gdensation, adsorption and absorption)
or mechanical separation (e.g., decanting, filtering, draining, setline and centrifuging) step followed by
distillation, purification and final packagir(@.S. EPA, 1980r Figure_ApxB-1 illustrates a typical
solvent recovery process flow diagrédohS. EPA, 1980r
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Figure_Apx B-1. General Process Flow Diagram for Solvent Recovery Processes
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B.1.3 Uses

EPA assessed inhalation risks from TCE in vapor and aerosol degreasing, spot cleaning at dry cleaning
facilities and arts and craft us@s.S. EPA, 2014cand also completed four supplemental analyses as
identified inSectionl.2 Based on these analyses, EPA published two proposed rules to address the
unreasonable risks presented by TCE use in vapor degreasing and in commercial and consumer aerosol
degreasing and for spoleaning at dry cleaning facilitie84 FR 7432 January 19, 201B1 FR 91592
December &, 2016).Scenarios previously examined in the 2014 publication will be considered in this

risk evaluation to ensurggvious assessments are in alignment with the Procedures for Chemical Risk
Evaluation under the Amended Toxic Substances Control Act (40 CFR Part 702).

B.1.3.1 Solvent for Cleaning or Degreasing
Vapor Degreasing
This scenario was previously assessed in the 2014 risk assefsrmieiPA, 2014 Vapor degreasing
is a process used to remove dirt, geeasd surface contaminants in a variety of metal cleaning
industries. Vapor degreasing may take place in batches or as part dinen(ire., continuous) system.
Vapor degreasing equipment can generally be categorized into one of three degreasescyipesi d
below:

Batch vapor degreasersin batch machines, each load (parts or baskets of parts) is loaded into the
machine after the previous load is completadividual organizations, regulations and academic studies
have classified batch vapdegreasers differently. For the purposes of the scope doc(Buenmnte
Documeny, EPA categories the batch vapor degreasers into five types: open toplegmasers
(OTVDs); OTVDs with enclosures; closéabp degreasing systems (airtight); airless degreasing
systems (vacuum drying); and airless vacttoraacuum degreasing systems.

1 Open top vapor degreasers (OTMDIN OTVDs, a vapor cleaning zone is crehby heating the
liquid solvent in the OTVD causing it to volatilize. Workers manually load or unload fabricated
parts directly into or out of the vapor cleaning zone. The tank usually has chillers along the side
of the tank to prevent losses of the sotverthe air. However, these chillers are not able to
eliminate emissions, and throughout the degreasing process significant air emissions of the
solvent can occur. These air emissions can cause issues with both worker health and safety as
well as environrantal issues. Additionally, the cost of replacing solvent lost to emissions can be
expensiv§ NEWMOA, 2007). Figure_ApxB-2 illustrates a standard OTVD.
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Figure_Apx B-2. Open Top Vapor Degreaser

1 OTVD with enclosuré OTVDs with enclosures operate the same as standard OTVDs except
that the OTVD is enclosed on all sides during degreasing. The enclosure is opened and closed to
add or remwe parts to/from the machine, and solvent is exposed to the air when the cover is
open. Enclosed OTVDs may be vented directly to the atmosphere or first vented to an external
carbon filter and then to the atmosphere (EPA, 20@ddure_ApxB-3illustrates an OTVD with
an enclosure. The dotted linesHigure_ApxB-3 represent the optional carbon filter that may or
may not be used with an enclosed OTVD.
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Figure_Apx B-3. Open Top Vapor Degreaser with Eclosure

1 Closedloop degreasing system (Airtight)in closedloop degreasers, parts are placed into a
basket, which is then placed into an airtight work chamber. The door is closed and solvent vapors
are sprayed onto the parts. Solvent can also be introduced to the parts as a liquid spray or liquid
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immersion. When cleaning is complete, vapors are exhausted from the chamber and circulated
over a cooling coil where the vapors are condensed and recovered. The parts are dried by forced
hot air. Air is circulated through the chamber and residual solventsyapgicaptured by carbon
adsorption. The door is opened when the residual solvent vapor concentration has reached a
specified leve(Kanegsbay and Kanegsberg, 20l Figure_ApxB-4 illustrates a standard

closedloop vapor degreasing system.

Figure_Apx B-4. Closedloop/Vacuum Vapor Degreaser

1 Airless degreasing system (vacuum dryindjirless degreasing systems are also sealed, closed
loop systems, but remove air at some point of the degreasing process. Removingadly typic
takes the form of drawing vacuum, but could also include purging air with nitrogen at some point
of the process (in contrast to drawing vacuum, a nitrogen purge operates at a slightly positive
pressure). In airless degreasing systems with vacuumgdoyily, the cleaning stage works
similarly as with the airtight closeldop degreaser. However, a vacuum is generated during the
drying stage, typically below 5 torr (5 mmHg). The vacuum dries the parts and a vapor recovery
system captures the vapors (ERAQ1;(Kanegsberg and Kanegsberg, 20TMNEWMOA,
200D.

1 Airless vacuurrto-vacuum degreasing systénhirless vacuurto-vacuum degreasers are true
fairl esso systems bec aunderevactiumelypeally, partseare plgcedl e |
into the chamber, the chamber sealed, and then vacuum drawn within the chamber. The typical
solvent cleaning process is a hot solvent vapor spray. The introduction of vapors in the vacuum
chamber raises the pressim the chamber. The parts are dried by again drawing vacuum in the
chamber. Solvent vapors are recovered through compression and cooling. An air purge then
purges residual vapors over an optional carbon adsorber and through a vent. Air is then
introducedn the chamber to return the chamber to atmospheric pressure before the chamber is
openedDurkee, 2014NEWMOA, 200).

The general design of vacuum vapor degreasers and airless vacuum degreasers is similar as illustrated ir
Figure_ApxB-7 for closedloop systems except that the work chamber is under vacuum during various
stages of the cleaning process.
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