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1024 ABBREVIATIONS

1025 °C Degrees Celsius

1026 =0 Vacuum Permittivity

1027 ACGIH American Conference of Governmental Industrial Hygienists
1028 AEGL Acute Exposure Guideline Level

1029 ADD Average Daily Dose

1030 AF Assessment Factor

1031 APF Assigned Protection Factor

1032  AQS Air Quality System

1033 ATCM Airborne Toxic Control Measure

1034  atm Atmosphere(s)

1035 ATSDR Agency for Toxic Substances and Disease Registries
1036 BAF Bioaccumulation Factor

1037 BCF Bioconcentration Factor

1038 BIOWIN  The EPI Suite™ module that predicts biodegradation rates
1039 BwW body weight®*

1040 CAA Clean Air Act

1041 CARB California Air Resources Board
1042 CASRN Chemical Abstracts Service Registry Number

1043 CBI Confidential Business Information

1044 CCR California Code of Regulations

1045 CDC Centers for Disease Control and Prevention
1046 CDR Chemical Data Reporting

1047 CEHD Chemical Exposure Health Data

1048 CEM Consumer Exposure Model

1049 CEPA Canadian Environmental Protection Act

1050 CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
1051 CFC Chlorofluorocarbon

1052 CFR Code of Federal Regulations

1053 CH Chloral Hydrate

1054 CHD Congenital Heart Defects

1055 CHIRP Chemical Risk Information Platform
1056 ChVv Chronic Value

1057 cm? Cubic Centimeter(s)

1058 CNS Central Nervous System

1059 COC Concentration of Concern

1060 COU Conditions of Use

1061 CPCat Chemical and Product Categories
1062 CSCL Chemical Substances Control Law
1063 CWA Clean Water Act

1064 CYP Cytochrome P450

1065 DCA Dichloroacetic acid

1066 DCE Dichloroethylene

1067 DCVC S-dichlorovinyl-L-cysteine

1068 DCVG S-dichlorovinyl-glutathione

1069 DEVL Dermal Exposure to Volatile Liquids
1070  DIY Do-It-Yourself

1071 DMR Discharge Monitoring Report
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1072 ECso Effect concentration at which 50% of test organisms exhibit an effect

1073 ECCC Environment and Climate Change Canada
1074 ECHA European Chemicals Agency

1075 EDC Ethylene Dichloride

1076  E-FAST Exposure and Fate Assessment Screening Tool
1077 EG Effluent Guidelines

1078 EPA Environmental Protection Agency

1079 EPCRA Emergency Planning and Community Right-to-Know Act
1080  EPI Suite™ Estimation Program Interface Suite™

1081 ESD Emission Scenario Document
1082 EU European Union
1083 FDA Food and Drug Administration

1084 FFDCA Federal Food, Drug, and Cosmetic Act
1085 FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

1086 FR Federal Register

1087 g Gram(s)

1088 GACT Generally Available Control Technology
1089 GS Generic Scenario

1090 GSH Glutathione

1091 GST Glutathione-S-transferase

1092 HAP Hazardous Air Pollutant

1093 HCFC Hydrochlorofluorocarbon

1094 HCI Hydrochloric Acid

1095 HCos Hazardous Concentration threshold for 5% of species in a Species Sensitivity Distribution
1096 HEC Human Equivalent Concentration

1097 HED Human Equivalent Dose

1098 HFC Hydrofluorocarbon

1099 HHE Health Hazard Evaluation

1100 HPV High Production VVolume

1101  Hr Hour

1102 IARC International Agency for Research on Cancer
1103 ICIS Integrated Compliance Information System
1104 IDLH Immediately Dangerous to Life and Health
1105 IMIS Integrated Management Information System
1106 IRIS Integrated Risk Information System

1107 ISHA Industrial Safety and Health Act

1108 ISOR Initial Statement of Reasons

1109 IUR Inhalation Unit Risk

1110  Koc Soil Organic Carbon-Water Partitioning Coefficient
1111 Kow Octanol/Water Partition Coefficient

1112 kg Kilogram(s)

1113 L Liter(s)

1114  1b Pound(s)

1115 LCso Lethal Concentration at which 50% of test organisms die
1116 LOAEL Lowest-observed-adverse-effect-level

1117 LOEC Lowest-observable-effect Concentration
1118 md Cubic Meter(s)

1119 MACT Maximum Achievable Control Technology
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1120 MATC Maximum Acceptable Toxicant Concentration
1121  MCCEM  Multi-Chamber Concentration and Exposure Model

1122 MCL Maximum Contaminant Level
1123 MCLG Maximum Contaminant Level Goal
1124 mg Milligram(s)

1125 mmHg Millimeter(s) of Mercury

1126 MOA Mode of Action

1127  mPa:s Millipascal(s)-Second

1128 MSDS Material Safety Data Sheet

1129 MSW Municipal Solid Waste

1130 NAICS North American Industry Classification System

1131 NATA National Scale Air-Toxics Assessment

1132 NCEA National Center for Environmental Assessment

1133 NICNAS  Australia National Industrial Chemicals Notification and Assessment Scheme
1134  NCI National Cancer Institute

1135 NCP National Contingency Plan

1136  NEI National Emissions Inventory

1137 NESHAP National Emission Standards for Hazardous Air Pollutants

1138 NHANES National Health and Nutrition Examination Survey

1139 NICNAS National Industrial Chemicals Notification and Assessment Scheme
1140 NIH National Institute of Health

1141  NICNAS National Industrial Chemicals Notification and Assessment Scheme
1142  NIOSH National Institute for Occupational Safety and Health

1143 NITE National Institute of Technology and Evaluation

1144 NOAEL No-Observed-Adverse-Effect-Level

1145 NOEC No-observable-effect Concentration

1146  NPDES National Pollutant Discharge Elimination System

1147 NPDWR  National Primary Drinking Water Regulation

1148 NRC National Research Council
1149  NTP National Toxicology Program
1150 NWIS National Water Information System

1151 OCPSF Organic Chemicals, Plastics and Synthetic Fibers
1152  OCSPP Office of Chemical Safety and Pollution Prevention

1153 OECD Organization for Economic Co-operation and Development
1154 OEHHA  Office of Environmental Health Hazard Assessment
1155 OES Occupational Exposure Scenario

1156 OEL Occupational Exposure Limits

1157 ONU Occupational Non-User

1158 OPPT Office of Pollution Prevention and Toxics

1159 OR Odds Ratio

1160 OSH(A) Occupational Safety and Health (Administration)
1161 OSF Oral Slope Factor

1162 OST Office of Science and Technology

1163 OTVD Open-Top Vapor Degreaser

1164 OW Office of Water

1165 PBPK Physiologically-Based Pharmacokinetic

1166 PBZ Personal Breathing Zone

1167 PCE Tetrachloroethylene
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1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215

PF
PECO
PEL
PESS
POD
POTW

ppb
PPE

ppm
PSD
PV
QC
QSAR
RCRA
REACH
REL
RR
RTR
SDS
SDWA
SIDS
SNUN
SNUR
SOCMI
SPARC
SpERC
STEL
STP model
STORET
SSD
TCCR
TCA
TCE
TCOH
TCOG
TNSSS
TLV
TRI
TSCA
TWA
ulC
U.S.
uv
USGS
VOC
VP

Yr

Protection Factor (for gloves)

Population, Exposure, Comparator, and Outcome
Permissible Exposure Limit

Potentially Exposed or Susceptible Subpopulations
Point of Departure

Publicly Owned Treatment Works
Part(s) per Billion

Personal Protective Equipment
Part(s) per Million

Particle Size Distribution

Production Volume

Quality Control

Quantitative Structure Activity Relationship
Resource Conservation and Recovery Act
Registration, Evaluation, Authorisation and Restriction of Chemicals
Relative Exposure Limit

Relative Risk

Risk and Technology Review

Safety Data Sheet

Safe Drinking Water Act

Screening Information Dataset
Significant New Use Notice
Significant New Use Rule

Synthetic Organic Chemical Manufacturing Industry
SPARC Performs Automated Reasoning in Chemistry
Specific Environmental Release Categories
Short-Term Exposure Limit

Sewage Treatment Plant model
STOrage and RETrieval

Species Sensitivity Distribution

Transparent, clear, consistent, and reasonable
Trichloroacetic acid

Trichloroethylene

Trichloroethanol

Trichloroethanol, gluuronide conjugate
Targeted National Sewage Sludge Survey
Threshold Limit Value

Toxics Release Inventory

Toxic Substances Control Act

Time Weighted Average

Underground Injection Control

United States

Ultraviolet

United States Geological Survey

Volatile Organic Compound

Vapor Pressure

Year(s)
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EXECUTIVE SUMMARY

This Risk Evaluation for trichloroethylene was performed in accordance with the Frank R. Lautenberg
Chemical Safety for the 21st Century Act. The Frank R. Lautenberg Chemical Safety for the 21st
Century Act amended the Toxic Substances Control Act (TSCA), the Nation’s primary chemicals
management law, in June 2016. Under the amended statute, EPA is required, under TSCA Section
6(b), to conduct Risk Evaluations to determine whether a chemical substance presents unreasonable
risk of injury to health or the environment, under the conditions of use, without consideration of costs
or other non-risk factors, including an unreasonable risk to potentially exposed or susceptible
subpopulations, identified as relevant to the Risk Evaluation. Also, as required by TSCA Section
(6)(b), EPA established, by rule, a process to conduct these Risk Evaluations: Procedures for
Chemical Risk Evaluation Under the Amended Toxic Substances Control Act (82 FR 33726), the “Risk
Evaluation Rule.” This Risk Evaluation is in conformance with TSCA Section 6(b), and the Risk
Evaluation Rule, and is to be used to inform risk management decisions under TSCA. In accordance
with TSCA Section 6(b), if EPA finds unreasonable risk from a chemical substance under its
conditions of use in any final Risk Evaluation, the Agency will propose actions to address those risks
within the timeframe required by TSCA. However, any proposed or final determination that a chemical
substance presents unreasonable risk under TSCA Section 6(b) is not the same as a finding that a
chemical substance is “imminently hazardous” under TSCA Section 7. The conclusions, findings, and
determinations in this final Risk Evaluation are for the purpose of identifying whether the chemical
substance presents unreasonable risk or no unreasonable risk under the conditions of use, in
accordance with TSCA Section 6, and are not intended to represent any findings under TSCA Section
7.

TSCA Section 26(h) and (i) require EPA to use scientific information, technical procedures, measures,
methods, protocols, methodologies and models consistent with the best available science and to base
its decisions on the weight of the scientific evidence (also referred to as WOE).! To meet these TSCA
Section 26 science standards, EPA used the TSCA systematic review process described in the
Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA, 2018b). The data
collection, evaluation, and integration stages of the systematic review process are used to develop the
exposure, fate, and hazard assessments for Risk Evaluations under TSCA.

Trichloroethylene has a wide-range of uses in consumer and commercial products and in industry. An
estimated 83.6% of TCE’s annual production volume is used as an intermediate in the manufacture of
the hydrofluorocarbon, HFC-134a, an alternative to the refrigerant chlorofluorocarbon, CFC-12.
Another 14.7% of TCE production volume is used as a degreasing solvent, leaving approximately 1.7%
for other uses. The total aggregate production volume decreased from 220.5 to 171.9 million pounds
between 2012 and 2015.

EPA evaluated TCE’s occupational conditions of use (COUs), including the following categories:
manufacture; import; processing as a reactant/intermediate; incorporation into formulation; mixture or
reaction product; incorporated into articles; repackaging; recycling; distribution; solvents for cleaning
and degreasing; lubricants and greases; adhesives and sealants; functional fluids in a closed system;
paints and coatings; cleaning and furniture care products; laundry and dishwashing products; arts, crafts

! Weight of the scientific evidence means a systematic review method, applied in a manner suited to the nature of the
evidence or decision, that uses a pre-established protocol to comprehensively, objectively, transparently, and consistently
identify and evaluate each stream of evidence, including strengths, limitations, and relevance of each study and to integrate
evidence as necessary and appropriate based upon strengths, limitations, and relevance.
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and hobby materials; corrosion inhibitors and anto-scaling agents; processing aids; ink, toner, and
colorant products; automotive care products; apparel and footwear care products; other uses; and
disposal. Consumer COU categories are the following: solvents for cleaning and degreasing; lubricants
and greases; adhesives and sealants; cleaning and furniture care products; arts, crafts, and hobby
materials; apparel and footwear care products; and other consumer uses. Consistent with the decision at
the Problem Formulation stage (U.S. EPA, 2018d), EPA has excluded consumer uses of paint and
coatings from the scope of the evaluation. Trichloroethylene is subject to federal and state regulations
and reporting requirements. Trichloroethylene has been a reportable Toxics Release Inventory (TRI)
chemical under Section 313 of the Emergency Planning and Community Right-to-Know Act (EPCRA)
since 1987. It is designated as a Hazardous Air Pollutant (HAP) under the Clean Air Act (CAA), is a
hazardous substance under the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA), and is regulated as a hazardous waste under the Resource Conservation and Recovery
Act (RCRA). It is subject to National Primary Drinking Water Regulations (NPDWR) under the Safe
Drinking Water Act (SDWA) and designated as a toxic pollutant under the Clean Water Act (CWA) and
as such is subject to effluent limitations. Under TSCA, EPA previously assessed risks from use of
trichloroethylene in commercial solvent degreasing (aerosol and vapor), consumer use as a spray applied
protective coating for arts and crafts and commercial use as a spot remover at dry cleaning facilities
(U.S. EPA, 2014b). In this final Risk Evaluation, EPA evaluated the following categories of conditions
of use: manufacturing, processing, distribution in commerce, industrial, commercial and consumer uses
and disposal.?

Approach
EPA used reasonably available information (defined in 40 CFR 702.33 in part as “information that

EPA possesses, or can reasonably obtain and synthesize for use in Risk Evaluations, considering the
deadlines . . . for completing the evaluation . . .”), in a fit-for-purpose approach, to develop a Risk
Evaluation that relies on the best available science and is based on the weight of the scientific
evidence. EPA used previous assessments, for example EPA’s IRIS assessment, as a starting point for
identifying key and supporting studies to inform the exposure, fate, and hazard assessments. EPA also
evaluated other studies published since the publication of previous analyses. EPA reviewed the
reasonably available information and evaluated the quality of the methods and reporting of results of
the individual studies using the evaluation strategies described in Application of Systematic Review in
TSCA Risk Evaluations (U.S. EPA, 2018Db). To satisfy requirements in TSCA section 26(j)(4) and 40
CFR 702.51(e), EPA has provided a list of studies considered in carrying out the Risk Evaluation and
the results of those studies in several supplemental files (Appendix B).

In the Problem Formulation (U.S. EPA, 2018d), EPA identified the conditions of use within the scope
of the Risk Evaluation and presented three conceptual models and an analysis plan. These have been
carried into the final Risk Evaluation where EPA has evaluated the risk to the environment and human
health, using both monitoring data and modeling approaches, for the conditions of use (identified in
Section 1.4.1 of this Risk Evaluation).> EPA quantitatively evaluated the risk to aquatic species from

2 Although EPA has identified both industrial and commercial uses here, for purposes of distinguishing scenarios in this
analysis, the Agency interprets the authority over “any manner or method of commercial use” under TSCA section 6(a)(5) to
reach both.

3 EPA did not identify any “legacy uses” (i.e., circumstances associated with activities that do not reflect ongoing or
prospective manufacturing, processing, or distribution) or “associated disposal” (i.e., future disposal from legacy uses) of
TCE, as those terms are described in EPA’s Risk Evaluation Rule, 82 FR 33726, 33729 (July 20, 2017). Therefore, no such
uses or disposals were added to the scope of the Risk Evaluation for TCE following the issuance of the opinion in Safer
Chemicals, Healthy Families v. EPA, 943 F.3d 397 (9th Cir. 2019). EPA did not evaluate “legacy disposal” (i.e., disposals
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exposure to surface water as a result of the manufacturing, processing, use, or disposal of
trichloroethylene. EPA evaluated the risk to workers from inhalation and dermal exposures, and
occupational non-users (ONUs)* from inhalation exposures, by comparing the estimated exposures to
acute and chronic human health hazards (i.e., liver effects, kidney effects, neurological effects,
immunological effects, reproductive effects, developmental effects, and acute overt toxicity). EPA also
evaluated the risk to consumers from inhalation and dermal exposures, and bystanders from inhalation
exposures, by comparing the estimated exposures to acute human health hazards (i.e., immunological
effects and developmental effects).

In this final Risk Evaluation, consistent with the analysis plan from the Problem Formulation, EPA
conducted quantitative analyses for exposure pathways to aquatic organisms via surface water;
sediment-dwelling organisms via sediment; workers and ONUSs from industrial/commercial activities;
consumers and bystanders from consumer activities; and workers and ONUs from waste handling,
treatment, and disposal. During Problem Formulation, EPA conducted a qualitative screening-level
analysis for other exposure pathways that were within the scope of the Risk Evaluation, including
exposures to terrestrial and aquatic organisms exposed via soil, and land-applied biosolid pathways and
exposures to terrestrial organisms exposed via surface water. EPA excluded ambient air, drinking water,
land disposal, ambient water, and waste incineration pathways leading to exposures to the general
population and terrestrial organisms from Risk Evaluation since those pathways are under the
jurisdiction of other environmental statutes administered by EPA.

EPA reviewed the environmental hazard data using the data quality review evaluation metrics and the
rating criteria described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018Db). As stated in Section 3.1, the reasonably available environmental hazard data indicate that TCE
presents hazard to aquatic organisms. For acute exposures, aquatic invertebrates are the most sensitive
species with toxicity values ranging from 7.8 mg/L to 33.85 mg/L. For chronic exposures, toxicity
values for fish and aquatic invertebrates are as low as 7.88 mg/L and 9.2 mg/L, respectively. The data
also indicated that TCE presents hazard for aquatic plants, with toxicity values in algae as low as 0.03
mg/L, and a wide range in toxicity between algae species. Algae are cellular organisms which will cycle
through several generations in hours to days; therefore, the data for algae was assessed together
regardless of duration rather than being categorized as acute or chronic. TCE is not expected to
accumulate in aquatic organisms.

EPA evaluated exposures to trichloroethylene in occupational and consumer settings for the conditions
of use included in the scope of the Risk Evaluation, listed in Section 1.4 (Scope of the Evaluation). In
occupational settings, EPA evaluated acute and chronic inhalation exposures to workers and ONUSs, and
acute and chronic dermal exposures to workers. EPA used inhalation monitoring data from literature
sources that met data evaluation criteria, where reasonably available. EPA also used modeling
approaches, where reasonably available, to estimate potential inhalation exposures. Dermal doses for
workers were estimated in occupational exposure scenarios since dermal monitoring data were not
reasonably available. In consumer settings, EPA evaluated acute inhalation exposures to both consumers
and bystanders, and acute dermal exposures to consumers. Inhalation exposures and dermal doses for
consumers and bystanders in these scenarios were estimated since inhalation and dermal monitoring data
were not reasonably available. These analyses are described in Section 2.3 of this Risk Evaluation.

that have already occurred) in the Risk Evaluation, because legacy disposal is not a “condition of use” under Safer
Chemicals, 943 F.3d 397.

4 ONUs are workers who do not directly handle trichloroethylene but perform work in an area where trichloroethylene is
present.
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EPA evaluated reasonably available information for human health hazards and identified hazard
endpoints including acute and chronic toxicity for non-cancer effects and cancer, as described in Section
3.2. EPA used the Framework for Human Health Risk Assessment to Inform Decision Making (U.S.
EPA, 2014a) to evaluate, extract, and integrate trichloroethylene’s human health hazard and dose-
response information. EPA reviewed key and supporting information from previous hazard assessments
[TSCA Work Plan Chemical Risk Assessment Trichloroethylene: Degreasing, Spot Cleaning and Arts &
Crafts Use (U.S. EPA, 2014b), Toxicological Review of Trichloroethylene (U.S. EPA, 2011e), and other
national and international assessments listed in Table 1-2], however all data sources from prior
assessments were independently reviewed for this Risk Evaluation. EPA also screened and evaluated
relevant studies that were published since these reviews (i.e., from 2010 — 2017, in addition to select
studies published after completion of the literature search). Selected key and supporting studies from
these prior assessments [List of Key and Supporting Studies for Human Health Hazard. Docket # EPA-
HQ-OPPT-2019-0500] were considered together with newer literature for characterization of human
health hazard.

EPA developed a hazard and dose-response analysis using endpoints observed in inhalation and oral
hazard studies, evaluated the weight of the scientific evidence considering EPA and National Research
Council (NRC) risk assessment guidance, and selected the points of departure (POD) for acute, chronic
and non-cancer endpoints, and inhalation unit risk (IUR) and oral slope factors (OSF) for cancer risk
estimates. Health hazards of TCE described and reviewed in this Risk Evaluation include: acute overt
toxicity, liver toxicity, kidney toxicity, neurotoxicity, immunotoxicity (including sensitization),
reproductive toxicity, developmental toxicity, and cancer. Following dose-response analysis,
representative PODs were identified for multiple non-cancer endpoints within the domains of liver
toxicity, kidney toxicity, neurotoxicity, immunotoxicity, reproductive toxicity, and developmental
toxicity. From among these PODs, acute immunosuppression and chronic autoimmunity were identified
as the best overall endpoints for establishing risk conclusions under TSCA in Section 4.5.2. While some
other endpoints present lower PODs (developmental neurotoxicity from Fredriksson et al., 1993;
congenital heart malformations from Johnson et al., 2003), there is lower confidence in the dose-
response and extrapolation of results from those studies (Section 3.2.6.1.1) resulting in increased
uncertainty surrounding the precision of the derived PODs for those endpoints. Therefore, EPA
concluded that acute immunosuppression and chronic autoimmunity were the best overall non-cancer
endpoints for use in Risk Evaluation under TSCA, based on the best available science and weight of the
scientific evidence. The selection of these endpoints for use in risk conclusions was supported by the
SACC peer review panel (https://www.regulations.gov/document?D=EPA-HQ-OPPT-2019-0500-0111).

For cancer, EPA performed meta-analyses in order to statistically evaluate the epidemiological data for
non-Hodgkin Lymphoma (NHL), kidney cancer, and liver cancer. EPA utilized similar methodology as
was employed in the 2011 EPA TCE IRIS Assessment (U.S. EPA, 2011e) and included sensitivity
analyses, as needed, to partition the results based on both heterogeneity and study quality. See Appendix
J for full details and results. The 2019 meta-analysis of all relevant studies examining kidney cancer,
liver cancer, or NHL (Appendix J) concluded that there is a statistical significant association between
TCE exposure and increased incidence of all three cancers. In accordance with EPA Guidelines for
Carcinogen Risk Assessment (U.S. EPA, 2005), EPA determined that TCE is “Carcinogenic to
Humans.” For context, this was the same conclusion as the previous EPA meta-analysis in the 2011 IRIS
Assessment (U.S. EPA, 2011e), which evaluated older literature than the current assessment. Therefore,
EPA utilized the same inhalation unit risk and oral slope factor estimates as were derived in (U.S. EPA
2011e) and cited in the 2014 TSCA Work Plan Chemical Risk Assessment (U.S. EPA, 2014b). A linear
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non-threshold assumption was applied to the TCE cancer dose-response analysis because there is
sufficient evidence that TCE-induced kidney cancer likely operates primarily through a mutagenic mode
of action while it cannot be ruled out for the other two cancer types and positive associations were
observed via meta-analysis for all three cancers in epidemiological studies based on low-level,
environmental exposure levels.

Risk Characterization

Environmental Risk: For environmental risk, EPA utilized a risk quotient (RQ) to compare the
environmental concentration to the effect level to characterize the risk to aquatic and sediment-dwelling
organisms. EPA included a qualitive assessment describing trichloroethylene exposure from land-
applied biosolids and soil for terrestrial organisms. Trichloroethylene is not expected to accumulate in
sediments, and is expected to be mobile in soil, and migrate to water or volatilize to air. The results of
the risk characterization are in Section 4.1, including two tables (Table 4-1 and Table 4-4) that
summarize the RQs for acute and chronic risks. Surface water concentrations of TCE were modeled for
214 releases.

EPA identified the expected environmental exposures for aquatic species and sediment-dwelling
species under the conditions of use in the scope of the Risk Evaluation. Estimated releases from
specific facilities result in modeled surface water concentrations that exceed the aquatic benchmark
(RQ > 1) for either acute, chronic, and/ or algae concentrations of concern (COC) for the following
conditions of use in various locations (see Table 4-1 and Table 4-4): processing as a reactant; open top
vapor degreasing; repackaging; adhesives; sealants; paints and coatings; industrial processing aid;
other industrial uses; other commercial uses; process solvent recycling and worker handling of wastes;
and waste water treatment plants. Details of these estimates are in Section 4.1.2 and 4.1.3.

Qualitative consideration of the physical-chemical and fate characteristics, as well as consideration of
the conditions of use for TCE indicated limited presence in terrestrial environments (Section 4.1.4).
Therefore EPA did not find risks for terrestrial organisms.

Human Health Risks: Risks were estimated following both acute and chronic exposure for the most
sensitive and robust endpoints from every hazard domain.

For workers and ONUs, EPA estimated potential cancer risk from chronic exposures to
trichloroethylene using inhalation unit risk or dermal cancer slope factor values multiplied by the
chronic exposure for each COU. For workers and ONUSs, EPA also estimated potential non-cancer
risks resulting from acute and chronic inhalation and dermal exposures using a Margin of Exposure
(MOE) approach. For workers, EPA estimated risks using several occupational exposure scenarios,
with scenario-specific assumptions regarding the expected use of personal protective equipment (PPE)
for respiratory and dermal exposures for workers directly handling trichloroethylene (Table 4-9). More
information on respiratory and dermal protection, including EPA’s approach regarding the
occupational exposure scenarios for trichloroethylene, is in Section 2.3.1.

For the majority of exposure scenarios, risks to workers were identified for multiple endpoints in both

acute and chronic exposure scenarios. Based on the most robust and sensitive acute and chronic
endpoints from each hazard domain, acute and chronic non-cancer and cancer risks were indicated for
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all exposure scenarios and occupational conditions of use under high-end® inhalation exposure levels.
Non-cancer risks following chronic exposure were also identified for all exposure scenarios at high-end
exposure levels with expected use of respiratory protection up to Assigned Protection Factor (APF) =
50. When only considering the central tendency?® inhalation exposure level, risks were not identified for
three out of 18 occupational exposure scenarios. Acute and chronic non-cancer and cancer risks were
indicated for all exposure scenarios and occupational conditions of use under both high-end and central
tendency dermal exposure levels. Risks are still identified for all exposure scenarios (at high-end
exposure levels following acute exposure and at both exposure levels following chronic exposure) when
gloves are worn even when assuming the maximum applicable glove protection factor (either PF 10 or
20).

ONUs are expected to have lower exposure levels than workers in most instances but exposures could
not always be quantified based on reasonably available data and risk estimates for ONUs may be similar
to workers in some settings. Therefore, for those instances where monitoring data or modeling did not
distinguish between worker and far-field ONU inhalation exposure estimates, EPA considered the
worker exposure and risk estimates when determining far-field ONU risk. There is significant
uncertainty in these ONU inhalation risk estimates. While the difference between the exposures of
ONUs and the exposures of workers directly handling TCE generally cannot be quantified, ONU
inhalation exposures are expected to be lower than inhalation exposures for workers directly handling
the chemical. In these instances, EPA considered the ONU exposures to be equal to the central tendency
risk estimates for workers when determining ONU risk attributable to inhalation. While this is likely
health protective as it assumes ONU exposure is as high as it is for the majority of workers (greater
numbers are likely to be exposed near the middle of the distribution), this is uncertain. Dermal exposures
are not expected because ONUs do not typically directly handle TCE, nor are they in the immediate
proximity of TCE.

Based on central-tendency exposure levels, acute and chronic non-cancer risks to ONUs were indicated
for the majority of exposure scenarios. ONUs are not assumed to be using PPE to reduce exposures to
trichloroethylene used in their vicinity. ONUs are not expected to be dermally exposed to
trichloroethylene and therefore dermal risks to ONUs were not assessed. EPA’s estimates for ONU risks
for each occupational exposure scenario are presented alongside worker risk estimates in Section 4.2.2
and Table 4-59 in Section 4.5.2.1.

For consumers and bystanders for consumer use, EPA estimated non-cancer risks resulting from acute
inhalation or dermal exposures (applicable to consumers only) that were modeled with a range of user
intensities, described in detail in Section 2.3.2. Bystanders are assumed to not have direct dermal
contact with TCE. Based on reasonably available information, EPA determined that consumers or
bystanders would not use PPE and that all exposures would be acute, rather than chronic (Section
2.3.2.2).

For consumers, risks were identified for multiple acute endpoints at multiple user intensity levels for

5> A high-end is assumed to be representative of occupational exposures that occur at probabilities above the 90th percentile
but below the exposure of the individual with the highest exposure. EPA provided results at the 95" percentile when
available.

& A central tendency is assumed to be representative of occupational exposures in the center of the distribution for a given
condition of use. For Risk Evaluation, EPA used the 50th percentile (median), mean (arithmetic or geometric), mode, or
midpoint values of a distribution as representative of the central tendency scenario.
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all consumer conditions of use except Pepper Spray, which did not indicate risk for the best overall
acute endpoint (immunosuppression). Acute risks were also indicated for most conditions of use for
bystanders at both medium and high-intensity acute inhalation levels. EPA’s estimates for consumer
and bystander risks for each consumer use exposure scenario are presented in Section 4.2.3 and
summarized in Table 4-60 in Section 4.5.2.2.

Uncertainties: Key assumptions and uncertainties in the environmental risk estimation include
uncertainties regarding the hazard data for aquatic and sediment-dwelling species and surface water
concentrations. Additionally the reasonably available environmental monitoring data were limited
temporally and geographically.

For the human health risk estimation, key assumptions and uncertainties are related to data on
exposures, exposure model input parameters, and the estimates for ONU inhalation exposures for COUs
in which monitoring data or probabilistic modeling data were not reasonably available. Additional
sources of uncertainty related to human health hazard include selection of the appropriate
Physiologically-Based Pharmacokinetic (PBPK) dose-metric for each endpoint, the dose-response and
POD derivation for the congenital heart defects (Johnson et al., 2003) and developmental neurotoxicity
(Eredriksson et al., 1993) endpoints, and the adjustment of the cancer PODs to account for cancer at
multiple sites. Assumptions and key sources of uncertainty in the risk characterization are detailed in
Section 4.3.

EPA’s assessments, risk estimations, and risk determinations accounted for uncertainties throughout the
Risk Evaluation. EPA used reasonably available information, in a fit-for-purpose approach, to develop a
Risk Evaluation that relies on the best available science and is based on the weight of the scientific
evidence. For instance, systematic review was conducted to identify reasonably available information
related to TCE hazards and exposures. If no applicable monitoring data were identified, exposure
scenarios were assessed using a modeling approach that requires the input of various chemical
parameters and exposure factors. When possible, default model input parameters were modified based
on chemical-specific inputs available in literature databases. The consideration of uncertainties supports
the Agency’s risk determinations, each of which is supported by substantial evidence, as set forth in
detail in later sections of this final Risk Evaluation.

Potentially Exposed or Susceptible Subpopulations (PESS): TSCA Section 6(b)(4) requires that EPA
conduct a Risk Evaluation to “determine whether a chemical substance presents an unreasonable risk of
injury to health or the environment, without consideration of cost or other non-risk factors, including an
unreasonable risk to a potentially exposed or susceptible subpopulation identified as relevant to the Risk
Evaluation by the Administrator, under the conditions of use.” TSCA Section 3(12) states that “the term
‘potentially exposed or susceptible subpopulation’ means a group of individuals within the general
population identified by the Administrator who, due to either greater susceptibility or greater exposure,
may be at greater risk than the general population of adverse health effects from exposure to a chemical
substance or mixture, such as infants, children, pregnant women, workers, or the elderly.”

In developing the Risk Evaluation, EPA analyzed the reasonably available information to ascertain
whether some human receptor groups may have greater exposure or greater susceptibility than the
general population to the hazard posed by a chemical. For consideration of the potentially exposed
groups, EPA considered trichloroethylene exposures to be higher among workers and consumer users
using trichloroethylene along with ONUs and consumer bystanders in the vicinity of trichloroethylene
use compared to general population (Section 2.3.3). Risk estimates were also provided separately for
ONUs when sufficient data were reasonably available. EPA was unable to provide separate risk

Page 36 of 803



1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573

estimates when insufficient information was reasonably available for quantifying ONU exposure. EPA
considered the central tendency risk estimate when determining ONU risk for those conditions of use for
which ONU exposures were not separately estimated. Consumer risk estimates were provided for low,
medium, and high intensities of use, accounting for differences in duration, weight fraction, and mass
used. Dermal risk estimates were calculated for both average adult workers and women of childbearing
age. See additional discussions in Section 4.4.1. EPA’s determinations for unreasonable risk are based
on high-end exposure estimates for workers and high intensity use scenarios for consumers and
bystanders in order to capture individuals who are PESS.

Factors affecting susceptibility examined in the available studies on TCE include lifestage, sex, genetic
polymorphisms, race/ethnicity, preexisting health status, lifestyle factors, and nutrition status. Groups of
individuals for which one or several of these factors apply may be considered PESS (Section 3.2.5.2).
Additionally, based on the hazards identified from the available information, individuals that either have
or are susceptible to kidney, liver, neurological, reproductive, or cancer health conditions are PESS. The
use of the 99" percentile Human Equivalent Concentration/Dose (HEC/HED)ss POD values derived
from relevant (PBPK) dose metrics also account for the vast majority of toxicokinetic variation across
the population. By relying on the 99" percentile output of the PBPK model, these values are expected to
be protective of particularly susceptible subpopulations, including those with genetic polymorphisms
resulting in increased activity of bioactivating enzymes. While there may not be a risk for all endpoints
to all individuals or to an individual at all times, assessment of risks for all relevant endpoints using
toxicokinetic values for the most sensitive 1% of the population is expected to sufficiently cover any
particularly susceptible subpopulations. Inclusion of risk estimates for cardiac malformations accounts
for susceptible mothers (Jenkins et al., 2007) and their offspring in addition to PESS groups with other
susceptibilities including metabolic sensitivity due to increased enzymatic activity of cytochrome P450
2E1 (CYP2E1) (Cichocki et al. 2016; U.S. EPA, 2011e).

Aggregate and Sentinel Exposures: Section 2605(b)(4)(F)(ii) of TSCA requires the EPA, as a part of the
Risk Evaluation, to describe whether aggregate or sentinel exposures under the conditions of use were
considered and the basis for their consideration. The EPA has defined aggregate exposure as “the
combined exposures to an individual from a single chemical substance across multiple routes and
across multiple pathways (40 CFR Section 702.33).” Exposures to trichloroethylene were evaluated by
inhalation and dermal routes separately. Inhalation and dermal exposures are assumed to occur
simultaneously for workers and consumers. EPA chose not to employ simple additivity of exposure
pathways at this time within a condition of use because of the uncertainties present in the current
exposure estimation procedures. Without a PBPK model containing a dermal compartment to account
for toxicokinetic processes the true internal dose for any given exposure cannot be determined, and
aggregating exposures by simply adding exposures from multiple routes could inappropriately
overestimate total exposure. Conversely, not aggregating exposures in any manner may potentially
underestimate total exposure for a given individual.

The EPA defines sentinel exposure as “the exposure to a single chemical substance that represents the
plausible upper bound of exposure relative to all other exposures within a broad category of similar or
related exposures (40 CFR Section 702.33).” In this Risk Evaluation, the EPA considered sentinel
exposure the highest exposure given the details of the conditions of use and the potential exposure
scenarios. Sentinel exposures for workers are the high-end no PPE within each OES. EPA considered
sentinel exposures in this Risk Evaluation by considering risks to populations who may have upper
bound (e.g., high-end, high intensities of use) exposures. In cases where sentinel exposures result in
MOEs greater than the benchmark or cancer risk lower than the benchmark (i.e., risks were not
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identified), EPA did no further analysis because sentinel exposures represent the worst-case scenario.
EPA’s decision for unreasonable risk are based on high-end exposure estimates to capture individuals
with sentinel exposure.

Additional details on how aggregate and sentinel exposures were considered in this Risk Evaluation are
provided in Section 4.4.2.

Unreasonable Risk Determination

In each Risk Evaluation under TSCA Section 6(b), EPA determines whether a chemical substance
presents an unreasonable risk of injury to health or the environment, under the conditions of use. The
determination does not consider costs or other non-risk factors. In making this determination, EPA
considers relevant risk-related factors, including, but not limited to: the effects of the chemical substance
on health and human exposure to such substance under the conditions of use (including cancer and non-
cancer risks); the effects of the chemical substance on the environment and environmental exposure
under the conditions of use; the population exposed (including any potentially exposed or susceptible
subpopulations, as determined by EPA); the severity of hazard (including the nature of the hazard, the
irreversibility of the hazard); and uncertainties. EPA also takes into consideration the Agency’s
confidence in the data used in the risk estimate. This includes an evaluation of the strengths, limitations,
and uncertainties associated with the information used to inform the risk estimate and the risk
characterization. The rationale for the risk determination is discussed in Section 5.2. The Agency’s risk
determinations are supported by substantial evidence, as set forth in detail in later sections of this final
Risk Evaluation.

Unreasonable Risk of Injury to the Environment: EPA used a screening-level approach to integrate relevant
pathways of environmental exposure with available environmental hazard data to evaluate unreasonable risk to
relevant environmental receptors. EPA assessed environmental exposures derived from predicted and measured
concentrations of TCE in surface water in the U.S. Specifically, the aquatic exposures associated with the
industrial and commercial conditions of use were predicted through modeling, and the aquatic exposure
assessment also includes an analysis of collected measured surface water concentrations from monitoring data.
EPA considered the biological relevance of the species to determine the concentrations of concern for the
location of surface water concentration data to produce risk quotients, as well as frequency and duration of the
exposure. EPA determined that the evaluation does not support an unreasonable risk determination to aquatic
organisms. For sediment-dwelling invertebrates, the toxicity of TCE is similar to the toxicity to aquatic
invertebrates. Therefore, for sediment dwelling organisms the risk estimates, based on the highest ambient
surface water concentration, do not support an unreasonable risk determination to sediment-dwelling organisms
from acute or chronic exposures. TCE exposure to terrestrial organisms is expected to be low since physical-
chemical properties do not support an exposure pathway through water and soil pathways to these organisms.
The risk estimates, the environmental effects of TCE, the exposures, physical chemical properties of TCE, and
consideration of uncertainties support EPA’s determination that there is no unreasonable risk to the environment
from all conditions of use of TCE.

Unreasonable Risks of Injury to Health: EPA’s determination of unreasonable risk for specific
conditions of use of TCE listed below are based on health risks to workers, occupational non-users,
consumers, or bystanders from consumer use. TCE has a large database of human health toxicity data.
For each hazard domain there are several endpoints, and often a single endpoint was examined by
multiple studies. For acute exposures, EPA evaluated unreasonable risks of non-cancer effects
(developmental toxicity and immunosuppression). For chronic exposures, EPA evaluated unreasonable
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risks of non-cancer effects (liver toxicity, kidney toxicity, neurotoxicity, autoimmunity, reproductive
toxicity, and developmental toxicity) as well as cancer (liver, kidney, and non-Hodgkin Lymphoma).
The drivers for EPA’s determination of unreasonable risk are non-cancer effects (immunosuppression)
from acute inhalation and dermal exposures, non-cancer effects (autoimmunity) from chronic inhalation
and dermal exposures, and cancer from chronic inhalation and dermal exposures.

Unreasonable Risk of Injury to Health of the General Population: General population exposures to TCE
may occur from all conditions of use via releases to air, water or land. During the course of the Risk
Evaluation process for TCE, OPPT worked closely with the offices within EPA that administer and
implement regulatory programs under the Clean Air Act (CAA), the Safe Drinking Water Act (SDWA),
the Clean Water Act (CWA), the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), and the Resource Conservation and Recovery Act (RCRA)). Through intra-agency
coordination, EPA found exposures to the general population via surface water, drinking water, ambient
air and sediment pathways are covered under the jurisdiction of other environmental statutes,
administered by EPA, i.e., CAA, SDWA, CWA, CERCLA, and RCRA. As explained in more detail in
Section 1.4.2, EPA believes it is both reasonable and prudent to tailor TSCA Risk Evaluations when
other EPA offices have expertise and experience to address specific environmental media, rather than
attempt to evaluate and regulate potential exposures and risks from those media under TSCA. EPA
believes that coordinated action on exposure pathways and risks addressed by other EPA-administered
statutes and regulatory programs is consistent with the statutory text and legislative history, particularly
as they pertain to TSCA’s function as a “gap-filling” statute, and also furthers EPA aims to efficiently
use Agency resources, avoid duplicating efforts taken pursuant to other Agency programs, and meet the
statutory deadlines for completing Risk Evaluations. EPA has therefore tailored the scope of the Risk
Evaluations for TCE using authorities in TSCA sections 6(b) and 9(b)(1). EPA did not evaluate risk to
the general population from ambient air, water and disposal and pathways for any condition of use, and
the unreasonable risk determinations do not account for exposures to the general population.

Unreasonable Risk of Injury to Health of Workers: EPA evaluated non-cancer effects from acute and
chronic inhalation and dermal occupational exposures and cancer from chronic inhalation and dermal
occupational exposures to determine if there was unreasonable risk of injury to workers’ health. The
drivers for EPA’s determination of unreasonable risk for workers are non-cancer effects from acute
(immunosuppression) and chronic (autoimmunity) inhalation and dermal exposures, and cancer from
chronic inhalation and dermal exposures.

EPA generally assumes compliance with OSHA requirements for protection of workers including the
implementation of the hierarchy of controls. In support of this assumption, EPA used reasonably
available information indicating that some employers, particularly in the industrial setting, are providing
appropriate engineering, administrative controls, or PPE to their employees consistent with OSHA
requirements. EPA does not have reasonable available information to support this assumption for each
condition of use; however, EPA does not believe that the Agency must presume, in the absence of such
information, a lack of compliance with existing regulatory programs and practices. Rather, EPA assumes
there is compliance with worker protection standards unless case-specific facts indicate otherwise, and
therefore existing OSHA regulations for worker protection and hazard communication will result in use
of appropriate PPE in a manner that achieves the stated APF or PF. EPA’s decisions for unreasonable
risk to workers are based on high-end exposure estimates, in order to account for the uncertainties
related to whether or not workers are using PPE. Therefore, EPA’s approach for evaluating risk to
workers and ONUSs is to use the reasonably available information and professional judgement to
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construct exposure scenarios that reflect the workplace practices involved in the conditions of use of the
chemicals and address uncertainties regarding availability and use of PPE.

For each condition of use of TCE with an identified risk for workers, EPA assumes, as a baseline, the
use of a respirator with an APF of 10 to 50. Similarly, EPA assumes the use of gloves with PF of 10 to
20. However, EPA assumes that for some conditions of use, the use of appropriate respirators is not a
standard industry practice, based on best professional judgement given the burden associated with the
use of respirators, including the expense of the equipment and the necessity of fit-testing and training for
proper use. Similarly, EPA does not assume that it is a standard industry practice that workers in some
small commercial facilities (e.g., those performing spot cleaning, wipe cleaning, shoe polishing, or hoof
polishing; commercial printing and copying) have a respiratory protection program or regularly employ
dermal protection. Therefore, the use of respirators and gloves is unlikely for workers in these facilities.

The unreasonable risk determinations reflect other risk factors, such as the severity of the effects
associated with the occupational exposures to TCE and incorporate consideration of the PPE that EPA
assumes. A full description of EPA’s unreasonable risk determination for each condition of use is in
Section 5.2.

Unreasonable Risk of Injury to Health of Occupational Non-Users (ONUSs): ONUs are workers who do
not directly handle TCE but perform work in the area where TCE is present. EPA evaluated non-cancer
effects to ONUs from acute and chronic inhalation occupational exposures and cancer from chronic
inhalation occupational exposures to determine if there was unreasonable risk of injury to ONU’s health.
The unreasonable risk determinations reflect the severity of the effects associated with occupational
exposures to TCE and the assumed absence of PPE for ONUSs, since ONUs do not directly handle the
chemical and are instead doing other tasks in the vicinity. Non-cancer effects and cancer from dermal
occupational exposures to ONUs were not evaluated because ONUSs are not dermally exposed to TCE.
For inhalation exposures, when there was reasonably available information, EPA estimated ONUs’
exposures and described the risks separately from workers directly exposed. When the difference
between ONUSs’ exposures and workers’ exposures cannot be quantified, EPA assumed that ONUSs’
inhalation exposures are lower than inhalation exposures for workers directly handling the chemical
substance, and EPA considered the central tendency risk estimates when determining ONU risk. A full
description of EPA’s unreasonable risk determination for each condition of us is in Section 5.2.

Unreasonable Risk of Injury to Health of Consumers: EPA evaluated non-cancer effects to consumers
from acute inhalation and dermal exposures to determine if there was unreasonable risk of injury to
consumers’ health. A full description of EPA’s unreasonable risk determination for each condition of
use is in Section 5.2.

Unreasonable Risk of Injury to Health of Bystanders (from Consumer Uses): EPA evaluated non-cancer
effects to bystanders from acute inhalation exposures to determine if there was unreasonable risk of
injury to bystanders’ health. EPA did not evaluate non-cancer effects from dermal exposures to
bystanders because bystanders are not dermally exposed to TCE. A full description of EPA’s
unreasonable risk determination for each condition of use is in Section 5.2.

Summary of Unreasonable Risk Determinations: In conducting Risk Evaluations, “EPA will determine
whether the chemical substance presents an unreasonable risk of injury to health or the environment
under each condition of use within the scope of the Risk Evaluation...” 40 CFR 702.47. Pursuant to
TSCA section 6(i)(1), a determination of “no unreasonable risk” shall be issued by order and considered
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to be final agency action. Under EPA’s implementing regulations, “[a] determination by EPA that the
chemical substance, under one or more of the conditions of use within the scope of the Risk Evaluation,
does not present an unreasonable risk of injury to health or the environment will be issued by order and
considered to be a final Agency action, effective on the date of issuance of the order.” 40 CFR
702.49(d).

EPA has determined that the following conditions of use of TCE do not present an unreasonable risk of
injury to health or the environment. These determinations are considered final agency action and are
being issued by order pursuant to TSCA section 6(i)(1). The details of these determinations are in
Section 5.2, and the TSCA section 6(i)(1) order is contained in Section 5.3.1 of this final Risk
Evaluation.

Conditions of Use that Do Not Present an Unreasonable Risk

e Distribution in commerce
e Consumer use in pepper spray

EPA has determined that the following conditions of use of TCE present an unreasonable risk of injury.
EPA will initiate TSCA section 6(a) risk management actions on these conditions of use as required
under TSCA section 6(c)(1). Pursuant to TSCA section 6(i)(2), the unreasonable risk determinations for
these conditions of use are not considered final agency action. The details of these determinations are in
Section 5.2

Manufacturing that Presents an Unreasonable Risk

e Manufacturing: domestic manufacture
e Manufacturing: import

Processing that Presents an Unreasonable Risk

e Processing: processing as a reactant/intermediate

e Processing: incorporation into a formulation, mixture or reaction product
e Processing: incorporation into articles

e Processing: repackaging

e Processing: recycling

Industrial and Commercial Uses that Present an Unreasonable Risk

e Industrial and commercial use as a solvent for open-top batch vapor degreasing

e Industrial and commercial use as a solvent for closed-loop batch vapor degreasing

e Industrial and commercial use as a solvent for in-line conveyorized vapor degreasing

e Industrial and commercial use as a solvent for in-line web cleaner vapor degreasing

e Industrial and commercial use as a solvent for cold cleaning

e Industrial and commercial use as a solvent for aerosol spray degreaser/cleaner and mold release
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Industrial and Commercial Uses that Present an Unreasonable Risk

e Industrial and commercial use as a lubricant and grease in tap and die fluid

¢ Industrial and commercial use as a lubricant and grease in penetrating lubricant

e Industrial and commercial use as an adhesive and sealant in solvent-based adhesives and
sealants; tire repair cement/sealer; mirror edge sealant

e Industrial and commercial use as a functional fluid in heat exchange fluid

e Industrial and commercial use in paints and coatings as a diluent in solvent-based paints and
coatings

e Industrial and commercial use in cleaning and furniture care products in carpet cleaner and
wipe cleaning

e Industrial and commercial use in laundry and dishwashing products in spot remover

e Industrial and commercial use in arts, crafts, and hobby materials in fixatives and finishing
spray coatings

e Industrial and commercial use in corrosion inhibitors and anti-scaling agents.

e Industrial and commercial use as processing aids in process solvent used in battery
manufacture; process solvent used in polymer fiber spinning, fluoroelastomer manufacture and
Alcantara manufacture; extraction solvent used in caprolactam manufacture; precipitant used in
beta-cyclodextrin manufacture

e Industrial and commercial use as ink, toner and colorant products in toner aid

e Industrial and commercial use in automotive care products in brake parts cleaner

e Industrial and commercial use in apparel and footwear care products in shoe polish

e Industrial and commercial use in hoof polish; gun scrubber; pepper spray; other miscellaneous
industrial and commercial uses

1737

Consumer Uses that Present an Unreasonable Risk

e Consumer use as a solvent in brake and parts cleaner

e Consumer use as a solvent in aerosol electronic degreaser/cleaner

e Consumer use as a solvent in liquid electronic degreaser/cleaner

e Consumer use as a solvent in aerosol spray degreaser/cleaner

e Consumer use as a solvent in liquid degreaser/cleaner

e Consumer use as a solvent in aerosol gun scrubber

e Consumer use as a solvent in liquid gun scrubber

e Consumer use as a solvent in mold release

e Consumer use as a solvent in aerosol tire cleaner

e Consumer use as a solvent in liquid tire cleaner

e Consumer use as a lubricant and grease in tap and die fluid

e Consumer use as a lubricant and grease in penetrating lubricant

e Consumer use as an adhesive and sealant in solvent-based adhesives and sealants
e Consumer use as an adhesive and sealant in mirror edge sealant

e Consumer use as an adhesive and sealant in tire repair cement/sealer

e Consumer use as a cleaning and furniture care product in carpet cleaner
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Consumer Uses that Present an Unreasonable Risk

e Consumer use as a cleaning and furniture care product in aerosol spot remover

e Consumer use as a cleaning and furniture care product in liquid spot remover

e Consumer use in arts, crafts, and hobby materials in fixative and finishing spray coatings
e Consumer use in apparel and footwear products in shoe polish

e Consumer use in fabric spray

e Consumer use in film cleaner

e Consumer use in hoof polish

e Consumer use in toner aid

1738

Disposal that Presents an Unreasonable Risk

e Disposal

1739
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1 INTRODUCTION

This document represents the final Risk Evaluation for trichloroethylene (TCE) under the Frank R.
Lautenberg Chemical Safety for the 21st Century Act which amended the Toxic Substances Control Act,
the Nation’s primary chemicals management law, in June 2016.

The Environmental Protection Agency (EPA) published the scope of the Risk Evaluation for TCE (U.S.
EPA, 2017i) in June 2017, and the Problem Formulation in May, 2018 (U.S. EPA, 2018d), which
represented the analytical phase of Risk Evaluation in which “the purpose for the assessment is
articulated, the problem is defined, and a plan for analyzing and characterizing risk is determined” as
described in Section 2.2 of the Framework for Human Health Risk Assessment to Inform Decision
Making. In this final Risk Evaluation, consistent with the analysis plan from the Problem Formulation,
EPA conducted quantitative analyses for exposure pathways to aquatic organisms via surface water;
sediment-dwelling organisms via sediment; workers and ONUs from industrial/commercial activities;
consumers and bystanders from consumer activities; and workers and ONUs from waste handling,
treatment, and disposal. During Problem Formulation, EPA conducted a qualitative screening-level
analysis for other exposure pathways that were within the scope of the Risk Evaluation, including
exposures to terrestrial and aquatic organisms exposed via soil, and land-applied biosolid pathways and
exposures to terrestrial organisms exposed via surface water. EPA excluded ambient air, drinking water,
land disposal, ambient water, and waste incineration pathways leading to exposures to the general
population and terrestrial organisms from Risk Evaluation since those pathways are under the
jurisdiction of other environmental statutes administered by EPA. The conclusions, findings, and
determinations in this final Risk Evaluation are for the purpose of identifying whether the chemical
substance presents unreasonable risk or no unreasonable risk under the conditions of use, in accordance
with TSCA Section 6, and are not intended to represent any findings under TSCA Section 7.

As per EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic
Substances Control Act (82 FR 33726 (July 20, 2017)), this Risk Evaluation was subject to both public
comment and peer review, which are distinct but related processes. EPA provided 60 days for public
comment on any and all aspects of this Risk Evaluation, including the submission of any additional
information that might be relevant to the science underlying the Risk Evaluation and the outcome of the
systematic review associated with trichloroethylene. This satisfies TSCA (15 U.S.C. 2605(b)(4)(H)),
which requires EPA to provide public notice and an opportunity for comment on a draft Risk Evaluation
prior to publishing a final Risk Evaluation.

Peer review was conducted in accordance with EPA's regulatory procedures for chemical Risk
Evaluations, including using the EPA Peer Review Handbook and other methods consistent with the
science standards laid out in Section 26 of TSCA (See 40 CFR 702.45). As explained in the Risk
Evaluation Rule (82 FR 33726 (July 20, 2017)), the purpose of peer review is for the independent
review of the science underlying the risk assessment. As such, peer review addressed aspects of the
underlying science as outlined in the charge to the peer review panel such as hazard assessment,
assessment of dose-response, exposure assessment, and risk characterization.

As EPA explained in the Risk Evaluation Rule (82 FR 33726 (July 20, 2017)), it is important for peer
reviewers to consider how the underlying Risk Evaluation analyses fit together to produce an integrated
risk characterization, which forms the basis of an unreasonable risk determination. EPA believed peer
reviewers were most effective in this role if they received the benefit of public comments on draft Risk
Evaluations prior to peer review. For this reason, and consistent with standard Agency practice, the
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public comment period preceded peer review. The final Risk Evaluation changed in response to public
comments received on the draft Risk Evaluation and/or in response to peer review, which itself may be
informed by public comments. EPA responded to public and peer review comments received on the
draft Risk Evaluation and explained changes made in response to those comments in this final Risk
Evaluation and the associated response to comments document.

In this final Risk Evaluation, Section 1.1 presents the basic physical-chemical characteristics of
trichloroethylene, as well as a background on regulatory history, conditions of use, and conceptual
models, with particular emphasis on any changes since the publication of the draft Risk Evaluation. This
section also includes a discussion of the systematic review process utilized in this final Risk Evaluation.
Section 2 provides a discussion and analysis of the exposures, both health and environmental, that can
be expected based on the conditions of use for trichloroethylene. Section 3 discusses environmental and
health hazards of trichloroethylene. Section 4 presents the risk characterization, where EPA integrates
and assesses reasonably available information on health and environmental hazards and exposures, as
required by TSCA (15 U.S.C. 2605(b)(4)(F)). This section also includes a discussion of any
uncertainties and how they impact the draft Risk Evaluation. Section 5 presents EPA’s determination of
whether the chemical presents an unreasonable risk under the conditions of use, as required under TSCA
(15 U.S.C. 2605(b)(4)).

EPA also solicited input on the first 10 chemicals as it developed use documents, scope documents, and
Problem Formulations. At each step, EPA has received information and comments specific to individual
chemicals and of a more general nature relating to various aspects of the Risk Evaluation process,
technical issues, and the regulatory and statutory requirements. EPA has considered comments and
information received at each step in the process and factored in the information and comments as the
Agency deemed appropriate and relevant including comments on the published Problem Formulation of
trichloroethylene.

1.1 Physical and Chemical Properties

Physical-chemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informing the potential conditions of use, exposure pathways and routes and hazards
that EPA considered. For scope development, EPA considered the measured or estimated physical-
chemical properties set forth in Table 1-1 and found no additional information during Problem
Formulation or the draft Risk Evaluation that would change these values.

TCE is a colorless liquid with a pleasant, sweet odor resembling that of chloroform. It is considered a
volatile organic compound (VOC) because of its moderate boiling point, 87.2°C, and high vapor
pressure, 73.46 mm Hg at 25°C. TCE is moderately water soluble (1.280 g/L at 25°C) and has a log
octanol/water partition coefficient (Kow) of 2.42. The density of TCE, 1.46 g/m? at 20°C, is greater than
that of water.
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Table 1-1. Physical and Chemical Properties of TCE

Property Value @ References
Molecular Formula C2HCls
Molecular Weight 131.39 g/mole

Physical Form

Colorless, liquid, sweet, pleasant

odor, resembles chloroform

(O'Neil et al., 2006)

Melting Point -84.7°C (Lide, 2007)

Boiling Point 87.2°C (Lide, 2007)

Density 1.46 g/cm® at 20°C (ECB, 2000)

Vapor Pressure 73.72 mmHg at 25°C° (Daubert and Danner, 1995)
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 Kow)

2.42

(Banerjee et al., 1980)

Henry’s Law Constant

9.85E-03 atm-m3®/mole

(Leighton and Calo, 1981)

Flash Point 90°C (closed cup) (ECB, 2000)

Auto Flammability 410°C (Estimated) (WHO, 1985)

Viscosity 0.545 mPa:s at 25°C (Lide, 2007)

Refractive Index 1.4775 at 20°C (O'Neil et al., 2001)
Dielectric Constant 34 e0at16°C (Weast and Selby, 1966)
Agueous Permeability Coefficient (Kp) | 0.019 cm/hr (Poet et al., 2000)

Neat Dermal Flux (Jskin) °

430 nmol/cm?-min
(5.65E-02 mg/cm?-min)

(Kezic et al. 2001)

@ Measured unless otherwise noted

® This value was updated based on systematic review re-analysis of original values. The original value of 73.46 mmHg, from
(Daubert and Danner, 1989), was used for occupational and consumer modeling of inhalation exposures. The effect of this
small difference is expected to be negligible for associated exposure estimates.

¢ EPA calculated neat Kp as 0.00232 cm/hr from Jskin based on the density of TCE.

1.2 Uses and Production Volume

This section contains use and production volume information for TCE.

1.2.1 Data and Information Sources

The summary of use and production volume information for TCE that is presented below is based on
research conducted for the Problem Formulation Document Trichloroethylene (EPA-740-R1-7014) and
any additional information that was learned since the publication of that document. The previous
research was based on reasonably available information, including the Use and Market Profile for
Trichloroethylene, (EPA-HQ-OPPT-2016-0737-0056), public meetings, and meetings with companies,

industry groups, chemical users and other stakeholders to aid in identifying conditions of use and
verifying conditions of use identified by the EPA. The information and input received from the public,
stakeholder meetings and the additional contacts was incorporated into this section to the extent
appropriate. Thus, EPA believes the manufacture, processing, distribution, use and disposal activities
constitute the conditions of use within the scope of the Risk Evaluation for trichloroethylene, based on

reasonably available information.
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1.2.2 Domestic Manufacture of Trichloroethylene

A life cycle diagram is provided (Figure 1-3) depicting the conditions of use that are within the scope of
the Risk Evaluation during various life cycle stages including manufacturing, processing, use (industrial,
commercial, consumer; when distinguishable), distribution and disposal. The information is grouped
according to Chemical Data Reporting (CDR) 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 sources (e.g., published literature and consultation with stakeholders), to
provide an overview of conditions of use. The EPA notes that some subcategories of use may be
grouped under multiple CDR categories.

For the purposes of this Risk Evaluation, CDR definitions were used. CDR use categories include the
following: “industrial use” means use at a site at which one or more chemicals or mixtures are
manufactured (including imported) or processed. “Commercial use” means the use of a chemical or a
mixture containing a chemical (including as part of an article) in a commercial enterprise providing
saleable goods or services. “Consumer use” means the use of a chemical or a mixture containing a
chemical (including as part of an article, such as furniture or clothing) when sold to or made available to
consumers for their use (U.S. EPA, 2016d).

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 reporting (U.S. EPA, 2016d) when the volume was not
claimed confidential business information (CBI). The 2016 CDR reporting data for TCE are provided in
Figure 1-1 for TCE from the EPA’s CDR database (U.S. EPA, 2016d). For the 2016 CDR reporting
period, non-confidential data indicate a total of 13 manufacturers and importers of TCE in the United
States.

Total Aggregate TCE Production Volume (lbs.) by
Year
250,000,000 551M
199M
192M
200,000,000 75
£ 150,000,000
=
=)
& 100,000,000
50,000,000
0
2012 2013 2014 2015
W Total Aggregate Production Volume (Ibs.)

Figure 1-1. Total Aggregate TCE Production Volume (lbs.) 2012-20152

aThe CDR data for the 2016 reporting period is available via ChemView (https://java.epa.gov/chemview). Because of an
ongoing CBI substantiation process required by amended TSCA, the CDR data available in the Risk Evaluation is more
specific than currently in ChemView. M = millions of pounds (Ibs).

As reported in the Use Document [EPA-HQ-OPPT-2016-0737-0003 (U.S. EPA, 2017c)], as well as in
the 2014 TCE risk assessment (U.S. EPA, 2014b), an estimated 83.6% of TCE’s annual production
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volume is used as an intermediate in the manufacture of the hydrofluorocarbon, HFC-134a, an
alternative to the refrigerant chlorofluorocarbon, CFC-12. Another 14.7% of TCE production volume is
used as a degreasing solvent, leaving approximately 1.7% for other uses (Figure 1-2). The current status
of the volume of TCE used as an intermediate in the manufacture of HFC-134a, is complicated by
regulatory activity affecting hydrofluorocarbons (HFCs) in general. In 2015, EPA issued a rule under its
Significant New Alternatives Policy (SNAP) program that changed the listings for certain HFCs in
various end-uses in the aerosol, refrigeration and air conditioning, and foam blowing sectors from
acceptable, or acceptable subject to use conditions, to unacceptable, or acceptable subject to narrowed
use limits. The listings were to become effective generally starting in 2016 through 2022, depending on
the use. The SNAP rules, as originally written, would control specific uses of HFCs or HFC blends,
rather than production. SNAP continues to list as acceptable several blends of HFCs with other
compounds with lower environmental impact and other small exemptions. Under these listings, a decline
in the use of TCE as an intermediate in the manufacture of HFCs might be expected along with the use
of the HFCs. However, the potential effect is less than clear due to a decision to vacate EPA’s rule by
the Court of Appeals for the District of Columbia *‘to the extent it requires manufacturers to replace
HFCs with a substitute substance.’” Based on the court’s partial vacatur, EPA did not apply the HFC
listings in the 2015 Rule and plans to address the court’s remand in a rulemaking which has not yet
occurred. Meanwhile, several states have adopted or are in the process of adopting laws similar to the
2015 SNAP rule and a similar SNAP rule issued in 2016 that also changed the status of certain HFCs
and HFC blends from acceptable to unacceptable. It is important to note that the SNAP rules, as
originally written, would control specific uses of HFCs or HFC blends, rather than production. SNAP
continues to list as acceptable several blends of HFCs with other compounds with lower environmental
impact and other small exemptions. Because of uncertainty surrounding the response to EPA’s
regulatory activity and the regulatory activity of States with respect to HFCs for certain uses, EPA does
not have a reasonable basis to make assumptions about what the current distribution might be. 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.

TCE Uses
(% Production Volume)

1.70%

= Intermediate (Manufacture of HFC-1343a) = Degreasing Solvent « Other

Figure 1-2. Percentage of TCE Production Volume by Use

Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
and included in the life cycle diagram (Figure 1-3) are summarized below (U.S. EPA, 2016d). The

Page 48 of 803




1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

descriptions provide a brief overview of the use category; the [Environmental Releases and
Occupational Exposure Assessment. Docket: EPA-HQ-OPPT-2019-0500)] contains more detailed
descriptions (e.g., process descriptions, worker activities, process flow diagrams, equipment
illustrations) for each manufacture, processing, use and disposal category. The descriptions provided
below are primarily based on the corresponding industrial function category and/or commercial and
consumer product category descriptions from the 2016 CDR and can be found in the EPA’s Instructions
for Reporting 2016 TSCA Chemical Data Reporting (U.S. EPA, 2016b).

The following describes several industrial/commercial CDR use categories where TCE has been used;
the [Environmental Releases and Occupational Exposure Assessment. Docket: EPA-HQ-OPPT-2019-
0500)] provides additional process-related information on the remaining categories and life cycle stages.

The “Solvents for Cleaning and Degreasing” category encompasses chemical substances used to
dissolve oils, greases and similar materials from a variety of substrates including metal surfaces,
glassware and textiles. This category includes the use of TCE in vapor degreasing, cold cleaning and in
industrial and commercial aerosol degreasing products.

The “Lubricants and Greases” category encompasses chemical substances contained in products used
to reduce friction, heat generation and wear between solid surfaces. This category includes the use of
TCE in penetrating lubricants, and tap and die fluids for industrial, commercial and consumer uses.

The “Adhesives and Sealants” category encompasses chemical substances contained in adhesive and
sealant products used to fasten other materials together. This category includes the use of TCE in mirror-
edge sealants and other adhesive products.

The “Functional Fluids (closed system)” category encompasses liquid or gaseous chemical substances
used for one or more operational properties in a closed system. Examples are heat transfer agents (e.g.,
coolants and refrigerants).

The “Paints and Coatings” category encompasses chemical substances contained in paints, lacquers,
varnishes and other 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 functions. The EPA anticipates that the
primary subcategory to be the use of TCE in solvent-based coatings. This category covers industrial,
commercial and consumer uses of paints and coatings.

The “Cleaning and Furniture Care Products” category encompasses chemical substances 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, protect or improve the appearance of surfaces. This
category includes the use of TCE for spot cleaning and carpet cleaning.

The “Laundry and Dishwashing Products” category encompasses chemical substances contained in
laundry and dishwashing products and aids formulated as a liquid, granular, powder, gel, cakes, and
flakes that are intended for consumer or commercial use.

The “Arts, Crafts and Hobby Materials” category encompasses chemical substances contained in arts,
crafts, and hobby materials that are intended for consumer or commercial use.
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1.3 Regulatory and Assessment History

The EPA conducted a search of existing domestic and international laws, regulations and assessments
pertaining to TCE. The EPA compiled this summary from data available from federal, state,
international and other government sources, as cited in Appendix A.

Federal Laws and Regulations

TCE is subject to federal statutes or regulations, other than TSCA, that are implemented by other offices
within the EPA and/or other federal agencies/departments. A summary of federal laws, regulations and
implementing authorities is provided in Appendix A.1.

State Laws and Regulations
TCE is subject to state statutes or regulations implemented by state agencies or departments. A summary
of state laws, regulations and implementing authorities is provided in Appendix A.2.

Laws and Regulations in Other Countries and International Treaties or Agreements

TCE is subject to statutes or regulations in countries other than the United States and/or international
treaties and/or agreements. A summary of these laws, regulations, treaties and/or agreements is provided
in Appendix A.3.

EPA has identified assessments conducted by other agency programs and organizations (see Table 1-2).
Depending on the source, these assessments may include information on conditions of use, hazards,
exposures, and potentially exposed or susceptible subpopulations (PESS)—information useful to the
EPA in preparing this Risk Evaluation. Table 1-2 shows the assessments that have been conducted. In
addition to using this information, EPA conducted a full review of the data collected [see
Trichloroethylene (CASRN 79-01-6) Bibliography: Supplemental File for the TSCA Scope Document,
EPA-HQ-OPPT-2016-0737) using the literature search strategy (see Strategy for Conducting Literature
Searches for Trichloroethylene: Supplemental File for the TSCA Scope Document, EPA-HQ-OPPT-
2016-0737] to ensure that the EPA is considering information that has been made available since these
assessments were conducted.

In EPA’s previous TCE Workplan Risk Assessment (U.S. EPA, 2014b), risks from use of TCE in
commercial and consumer solvent degreasing (aerosol and vapor), consumer use as a spray-applied
protective coating for arts and crafts and commercial use as a spot remover at dry-cleaning facilities
were assessed. The TCE Risk Assessment was used to support two proposed rules under TSCA section
6 (81 FR 91592; December 12, 2016; 82 FR 7432; January 19, 2017) to address risks from use of TCE.
Along with other reasonably available information, the EPA used the existing TSCA risk assessments to
inform its development of the TCE Risk Evaluation.
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Table 1-2. Assessment History of TCE

Authoring Organization

Assessment

EPA Assessments

Office of Chemical Safety and
Pollution Prevention (OCSPP)/
Office of Pollution Prevention and
Toxics (OPPT)

TSCA Work Plan Chemical Risk Assessment Trichloroethylene: Degreasing,
Spot Cleaning and Arts & Crafts Use (U.S. EPA, 2014b)

OCSPP/OPPT

Supplemental Occupational Exposure and Risk Reduction Technical Report in
Support of Risk Management Options for Trichloroethylene (TCE) Use in
Aerosol Degreasing (U.S. EPA, 2016f)

OCSPP/OPPT

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

OCSPP/OPPT

Supplemental Occupational Exposure and Risk Reduction Technical Report in
Support of Risk Management Options for Trichloroethylene (TCE) Use in Spot
Cleaning (U.S. EPA, 20160q)

OCSPP/OPPT

Supplemental Occupational Exposure and Risk Reduction Technical Report in
Support of Risk Management Options for Trichloroethylene (TCE) Use in
Vapor Degreasing [RIN 2070-AK11] (U.S. EPA, 2016h)

Integrated Risk Information System
(IRIS)

Toxicological Review of Trichloroethylene (U.S. EPA, 2011e)

National Center for Environmental
Assessment (NCEA)

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

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

Update of Human Health Ambient Water Quality Criteria: Trichloroethylene
(TCE) 79-01-6 (U.S. EPA, 2015b)

Other U.S.-Based Organizations

Agency for Toxic Substances and
Disease Registries (ATSDR)

Final Toxicological Profile for Trichloroethylene
(ATSDR, 2019)

National Research Council (NRC)

Assessing the Human Health Risks of Trichloroethylene: Key Scientific Issues
(NRC, 2006)

Offic