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EXECUTIVE SUMMARY  

This risk evaluation for perchloroethylene (PCE) was performed in accordance with the Frank R. 

Lautenberg Chemical Safety for the 21st Century Act and is being issued following public comment 

and peer review. The Frank R. Lautenberg Chemical Safety for the 21st Century Act amended the 

Toxic Substances Control Act (TSCA), the Nationôs 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)(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. 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 ñimminently hazardousò 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 sections 26(h) and (i) require EPA, when conducting risk evaluations, 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.1 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. 

 

PCE is subject to federal and state regulations and reporting requirements. PCE 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 a Hazardous Air Pollutant (HAP) 

under the Clean Air Act (CAA), and is a hazardous substance under the Comprehensive Environmental 

Response, Compensation and Liability Act (CERCLA). 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) making it subject to effluent limitations.  

 

PCE is currently manufactured, processed, distributed, used, and disposed of as part of a wide range of 

industrial, commercial, and consumer conditions of use, including production of fluorinated compounds, 

and as a solvent in dry cleaning and vapor degreasing. A variety of consumer and commercial products 

contain PCE such as adhesives (arts and crafts, as well as light repairs), aerosol degreasing, brake 

cleaners, aerosol lubricants, sealants, stone polish, stainless steel polish and other cleaners used for 

 
1 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. 

https://www.gpo.gov/fdsys/pkg/FR-2017-07-20/pdf/2017-14337.pdf
https://www.gpo.gov/fdsys/pkg/FR-2017-07-20/pdf/2017-14337.pdf
https://www.federalregister.gov/documents/2017/07/20/2017-14337/procedures-for-chemical-risk-evaluation-under-the-amended-toxic-substances-control-act
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
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wiping surfaces. EPA evaluated the following categories of conditions of use: manufacturing; 

processing; distribution in commerce, industrial, commercial and consumer uses and disposal. The 

yearly aggregate production volume for PCE ranged from 388 to 324 million pounds between 2012 and 

2015 according to CDR (Section 1.2). 

 

Approach 

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

EPA possesses, or can reasonably generate, obtain, and synthesize for use in risk evaluations, 

considering the deadlines é for completing such evaluationò), 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 EPAôs IRIS assessment (U.S. EPA, 

2012d), as a starting point for identifying key and supporting studies to inform the exposure, fate, and 

hazard assessments included in this risk evaluation. EPA also evaluated other studies published since 

the publication of previous analyses. EPA reviewed 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, 2018b). To 

satisfy requirements in TSCA section (j)( ) 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 for this risk 

evaluation. These have been carried into the risk evaluation where EPA has quantitatively 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) and exposure pathways within the 

scope of the risk evaluation.2 While PCE is present in various environmental media, such as 

groundwater, surface water, and air, EPA stated in the Problem Formulation that EPA did not expect to 

include certain exposure pathways (e.g., general population human exposures) in the risk evaluation 

that are under the jurisdiction of other EPA-administered statutes in this risk evaluation as described in 

Section 1.4.2. 

 

EPA quantitatively evaluated the risk to aquatic species from exposure to surface water from the 

manufacturing, processing, use, or disposal of PCE. EPA used environmental fate parameters, 

physical-chemical properties, modelling, and monitoring data to assess ambient water exposure to 

aquatic species. During the systematic review process, EPA identified and evaluated studies that 

pertained to this risk evaluation. Therefore, exposures to aquatic organisms from ambient surface 

water, are assessed and presented in this risk evaluation and used to inform the risk determination. 

These analyses are described in Sections 2.1, 2.3, 4.1.  

 

EPA evaluated exposures to PCE 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 for two subcategories of 

 
2 EPA did not identify any ñlegacy usesò (i.e., circumstances associated with activities that do not reflect ongoing or 

prospective manufacturing, processing, or distribution) or ñassociated disposalò (i.e., future disposal from legacy uses) of 

PCE, as those terms are described in EPAôs 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 PCE following the issuance of the opinion in Safer 

Chemicals, Healthy Families v. EPA, 943 F.3d 397 (9th Cir. 2019).  EPA did not evaluate ñlegacy disposalò (i.e., disposals 

that have already occurred) in the risk evaluation, because legacy disposal is not a ñcondition of useò under Safer Chemicals, 

943 F.3d 397. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3839022
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3839022
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085618
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workers, occupational users (workers) and occupational non-users (ONUs)3, 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 to estimate 

potential inhalation exposures. Dermal doses for workers were estimated in occupational exposure 

scenarios since dermal monitoring data was not reasonably available. In consumer settings, EPA 

evaluated acute inhalation exposures to both consumers and bystanders, and acute dermal exposures to 

consumers. Inhalation exposures for consumers and bystanders and dermal doses for consumers in 

these scenarios were estimated since inhalation and dermal monitoring data were not reasonably 

available. These analyses are described in Section 2.4 of this risk evaluation. 

 

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, 

2018b). EPA identified PCE hazard endpoints to environmental aquatic receptors with invertebrates 

being the most sensitive taxa for exposures. The results of the environmental hazard assessment are in 

Section 3.1. 

 

EPA evaluated reasonably available information for human health hazards and identified hazard 

endpoints including acute and chronic toxicity for non-cancer effects and chronic toxicity for cancer. 

EPA used the Framework for Human Health Risk Assessment to Inform Decision Making (U.S. EPA, 

2014c) to evaluate, extract, and integrate PCEôs human health hazard and dose-response information. 

EPA reviewed key and supporting information from previous hazard assessments, EPAôs IRIS 

Toxicological Review (U.S. EPA, 2012d), an ATSDR Toxicological Profile (ATSDR, 2019), the 

AEGL (NAC/AEGL, 2009), and other international assessments listed in Table 1-3. EPA also screened 

and evaluated new studies that were published since these reviews (i.e., from 2012 - 2018). 

 

EPA developed a quantitative 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 and chronic non-cancer endpoints and inhalation unit risk and cancer slope factors for cancer risk 

estimates. Potential health effects associated with PCE exposure are described in Section 3.2. 

 

Risk Characterization 

Environmental Risks: For environmental risk, EPA utilized a risk quotient (RQ) to compare the 

environmental concentration to the effect level to characterize the risk to aquatic organisms. The results 

of the risk characterization are described in Section 4.1, including a table that summarizes the RQs for 

acute and chronic risks. 

 

EPA identified expected environmental exposures for aquatic species under the conditions of use in the 

scope of the risk evaluation. The estimated releases from specific facilities result in modeled surface 

water concentrations that were equal to or exceed the aquatic benchmark (RQ Ó 1) for two conditions 

of use, indicating that exposures resulting from environmental concentrations were greater than the 

effect concentration or the concentration of concern. Details of these estimates are described in Section 

4.1.2. 

 

Human Health Risks: Risks were estimated following both acute and chronic exposures (for workers 

and ONUs) and acute exposures (for consumer users and bystanders) for various endpoints covering 

 
3 ONUs are workers who do not directly handle PCE but perform work in an area where PCE is present. See Section 2.4.1.1 

for more details on the distinction between workers and ONUs. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2324779
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2324779
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3839022
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5425314
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3838526
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multiple hazard domains/organ systems. EPA identified potential cancer and non-cancer human health 

risks. The studies that support the health concerns address neurotoxicity (CNS effects) from acute 

exposures, neurological, kidney, liver, immune system and developmental effects from chronic 

exposures, and liver cancer. 

 

EPA estimated risk to workers from inhalation and dermal exposures, and risk to ONUs from inhalation 

exposures by comparing the estimated exposures to acute and chronic human health hazards. For 

workers and ONUs, EPA estimated the cancer risk as the product of the chronic exposure to PCE and 

the inhalation unit risk (IUR) or dermal cancer slope factor (SF) value for each OES. For dermal 

exposure to workers, cancer risk was estimated as the product of the dermal exposure and the cancer 

slope factor for each occupational exposure scenario (OES). For workers and ONUs, EPA estimated 

exposure and used the MOE approach to assess the margin of exposure (MOE) for non-cancer health 

effects. For workers, EPA estimated risks using several occupational exposure scenarios, which varied 

assumptions regarding the use of personal protective equipment (PPE) for respiratory and dermal 

exposures for workers directly handling PCE. EPA also separately evaluated inhalation risks to children 

of employees present at dry cleaners (Section 4.2.2.13.2) using the assumption that HECs could be 

scaled based on their increased breathing rate/body weight ratio compared to adults (Section 3.2.5.4.1). 

More information on respiratory and dermal protection, including EPAôs approach regarding the 

occupational exposure scenarios for PCE, is in Section 2.4.1.  

 

For the majority of occupational exposure scenarios, risk to workers were identified for multiple 

endpoints in both acute and chronic exposure scenarios. Based on the PODs selected from among the 

acute and chronic endpoints, acute and chronic non-cancer and cancer risks were indicated for all but 

one exposure scenario and occupational conditions of use under high-end inhalation or dermal exposure 

levels without the use of PPE. Use of PPE during the assessed conditions of use is expected to reduce 

worker exposure. This resulted in fewer conditions of use with indicated risks for acute, chronic non-

cancer, or cancer inhalation or dermal exposures. With assumed use of respiratory protection, cancer 

risks from chronic inhalation exposures were not indicated for most conditions of use. With assumed use 

of dermal protection, acute, chronic non-cancer, and cancer risks were not indicated for some conditions 

of use. However, some conditions of use continued to present non-cancer inhalation risks to workers 

under high-end occupational exposure scenarios even with assumed PPE (i.e., respirators APF 10, 25 or 

50). EPAôs estimates for worker risks for each occupational exposure scenario are presented in Section 

4.2.1 and summarized in Table 4-125.  

 

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. While the difference between the exposures of ONUs and the 

exposures of workers directly handling PCE 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. EPA did not assess dermal exposures 

to ONUs because EPA does not expect ONUs to have routine dermal exposures in the course of their 

work. Depending on the condition of use, ONUs may have incidental dermal exposures due to surface 

contamination. However, data (e.g., frequency and amount of liquid on the skin after contact) were not 

reasonably available to assess this exposure. 

 

Based on central-tendency exposure levels, acute and chronic non-cancer risks to ONUs were 
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indicated for the majority of exposure scenarios. ONUs are not assumed to be using PPE to reduce 

exposures to PCE used in their vicinity. EPAôs estimates for ONU risks 

for each occupational exposure scenario are presented alongside worker risk estimates in Section 4.2.2. 

 

EPA also evaluated the risk to consumers from inhalation and dermal exposures, and to bystanders, 

from inhalation exposures, by comparing the estimated exposures to acute human health hazards. For 

consumers and bystanders for consumer use, EPA estimated non-cancer risks resulting from acute 

inhalation or dermal exposures that were modeled with a range of user intensities, described in detail 

in Section 2.4.1.29. EPA assumed that consumers or bystanders would not use PPE and that all 

exposures would be acute rather than chronic.  

 

For consumer users and bystanders, risks identified for acute exposures were indicated for some 

conditions of use. For consumers, medium and high intensity acute inhalation and dermal exposure 

scenarios indicated risk. Conditions of use that indicated risks following acute exposures to consumer 

users (for inhalation and dermal exposure) also indicated risks to bystanders (for inhalation exposures 

only). One scenario, dry cleaning solvent, presented risks for consumers in the dermal scenario. Some 

consumer conditions of use did not indicate risks for consumer or bystanders. EPAôs estimates for 

consumer and bystander risks for each consumer use exposure scenario are presented in Section 4.2.4 

and summarized in Table 4-126 in Section 4.4.2. Estimates of MOEs were calculated for consumers 

for acute inhalation and dermal exposures, because the exposure frequencies were not considered 

sufficient to cause the health effects that were observed in chronic animal studies typically defined as 

at least 10% of the animalôs lifetime. 
 

Uncertainties: Key assumptions and uncertainties in the environmental risk estimation include the 

uncertainty around modeled releases that have surface water concentrations greater than the highest 

concentration of concern for algae. Data were reasonably available for three algal species and may not 

represent the most sensitive species at a given site. For the human health risk estimation, key 

assumptions and uncertainties are related to the estimates for ONU inhalation exposures because 

monitoring data were not reasonably available for many of the conditions of use evaluated. 

Assumptions and key sources of uncertainty for consumer exposure are detailed in Section 2.4.2.3 for 

consumer products, Section 2.4.2.4 for consumer articles, and Section 2.4.2.6 for overarching 

uncertainties.  

 

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 to account 

for uncertainties throughout the risk evaluation. For instance, systematic review was conducted to 

identify reasonably available information related to PCE 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 Agencyôs 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 and Susceptible Subpopulations: TSCA section 6(b)(4) requires that EPA conduct 

risk evaluations to determine whether a chemical substance presents unreasonable risk under the 

conditions of use, including unreasonable risk to a potentially exposed or susceptible subpopulation 

identified as relevant to the risk evaluation.  TSCA § 3(12) defines potentially exposed or susceptible 

subpopulation (PESS) as ña 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 
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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.ò  
 

In developing the risk evaluation, EPA analyzed 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 PCE. For consideration of the most highly exposed groups, EPA 

considered PCE exposures among both workers using PCE and ONUs in the vicinity of PCE use to be 

higher than the exposures experienced by the general population. Consumer users and bystanders are 

also expected to be more highly exposed than the general population. Potentially exposed or 

susceptible subpopulations include the developing fetus (and by extension, women of childbearing 

age) as well as those with pre-existing health conditions, higher body fat content, or particular genetic 

polymorphisms. See additional discussions in Section 4.3.1. EPAôs decisions 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. 

 

Aggregate and Sentinel Exposures: Section 6(b)(4)(F)(ii) of TSCA requires EPA, as a part of the risk 

evaluation, describe whether aggregate or sentinel exposures under the conditions of use were 

considered and the basis for their consideration. EPA has defined aggregate exposure as ñthe combined 

exposures to an individual from a single chemical substance across multiple routes and across multiple 

pathwaysò (40 CFR § 702.33). Exposures to PCE 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. 

 

EPA defines sentinel exposure as ñthe exposure from 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 exposuresò (40 CFR § 702.33). In this Risk Evaluation, EPA considered sentinel exposure the 

highest exposure given the details of the conditions of use and the potential exposure scenarios. 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 

identified), EPA did no further analysis because sentinel exposures represent the worst-case scenario. 

EPAôs decisions 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 4.3.2. 

 

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-
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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 Agencyôs 

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 unreasonable risk determination is in Section 5.2. The Agencyôs 

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 evaluated environmental exposures for aquatic 

organisms and determined whether any risks are unreasonable. The drivers for EPAôs determination of 

unreasonable risks to aquatic organisms are immobilization from acute exposure, growth effects from 

chronic exposure, and mortality to algae. Algae was assessed separately and not incorporated into acute 

or chronic COCs, because durations normally considered acute for other species (e.g., 48, 72 hours) can 

encompass several generations of algae. EPA estimated site-specific surface water concentrations for 

discharges using upper and lower bounds for the range of predicted surface water concentrations. For the 

percentage of the chemical removed from wastewater during treatment before discharge to a body of 

water, EPA estimated 88% removal of PCE from indirect discharging facilities and estimated 0% 

removal of PCE for direct releases to surface water. PCE has low bioaccumulation potential and 

moderate potential to accumulate in wastewater biosolids, soil, or sediment. The risk estimates, the 

environmental effects of PCE, the exposures, physical chemical properties of PCE, and consideration of 

uncertainties support EPAôs determination that there is no unreasonable risk to the environment from all 

conditions of use of PCE. A full description of EPAôs determination of risk of injury to the environment 

is in Section 5.2. 

 

Unreasonable Risks of Injury to Health: EPAôs determination of unreasonable risk for specific 

conditions of use of PCE listed below are based on health risks to workers, occupational non-users, 

consumers, or bystanders from consumer use. As described below, EPA did not evaluate unreasonable 

risk to the general population in this risk evaluation. For each hazard domain there are several endpoints, 

and often a single endpoint was examined by multiple studies. The non-cancer effects selected for risk 

estimation were neurotoxicity (i.e., increased latencies for pattern reversal visual-evoked potentials) from 

acute exposure. For chronic exposures, EPA evaluated multiple effects including CNS, kidney, liver, 

immune system and developmental toxicity as well as cancer (liver tumors). 

 

Unreasonable Risk of Injury to Health of the General Population: General population exposures to PCE 

may occur from industrial and/or commercial uses; industrial releases to air, water or land; and other 

conditions of use. During the course of the risk evaluation process for PCE, 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 Resource Conservation 

and Recovery Act (RCRA), and the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA). Through this intra-agency coordination, EPA determined that PCE exposures 

to the general population via surface water, drinking water, ambient air and sediment pathways fall 

under the jurisdiction of other environmental statutes administered by EPA, i.e., CAA, SDWA, CWA, 

RCRA, and CERCLA. 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 
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statutory text and legislative history, particularly as they pertain to TSCAôs function as a ñgap-fillingò 

statute, and also furthers EPA aims to efficiently use Agency resources, avoid duplicating efforts taken 

pursuant to other Agency programs, and meet the statutory deadline for completing risk evaluations. 

EPA has therefore tailored the scope of the risk evaluation for PCE using authorities in TSCA sections 

6(b) and 9(b)(1). EPA did not evaluate hazards or exposures to the general population in this risk 

evaluation, and as such the unreasonable risk determinations for relevant conditions of use 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 to workersô health. The drivers for 

EPAôs determination of unreasonable risk for workers are neurotoxicity from acute and chronic 

inhalation exposures, neurotoxicity from chronic dermal exposures, and cancer resulting 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, including public comments, indicating that some employers, particularly in the 

industrial setting, are providing appropriate engineering or administrative controls or PPE to their 

employees consistent with OSHA requirements. While EPA does not have reasonably available 

information to support this assumption for each condition of use, 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 Assigned Protection Factor (APF) or Protection Factor (PF) for gloves. EPAôs 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. EPA believes this is a reasonable and 

appropriate approach that accounts for reasonably available information and professional judgment 

related to worker protection practices, and addresses uncertainties regarding availability and use of PPE. 

 

For each condition of use of PCE with an identified risk for workers, EPA assumes, as a baseline, the 

use of a respirator with an APF of 25 or 50. Similarly, EPA assumes the use of gloves with PF 10 or 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 supplied-air respirators, including the expense of the equipment and the necessity of fit-testing 

and training for proper use. Similarly, EPA does not assume that as a standard industry practice that 

workers wear gloves for the industrial and commercial use of PCE for dry cleaning and spot cleaning, 

wipe cleaning and metal/stone polishes, other spot cleaning/spot remover, and other commercial uses. 

 

The unreasonable risk determinations reflect the severity of the effects associated with the occupational 

exposures to PCE and incorporate EPA assumptions of PPE use. A full description of EPAôs 

unreasonable risk determination for each condition of use is in Section 5.2.  

 

Unreasonable Risk of Injury to Health of Occupational Non-Users (ONUs): ONUs are workers who do 

not directly handle PCE but perform work in an area where PCE 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 ONUsô health. 

The unreasonable risk determinations reflect the severity of the effects associated with the occupational 
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exposures to PCE and the assumed absence of PPE for ONUs, since ONUs do not directly handle the 

chemical and are instead doing other tasks in the vicinity of PCE use. Non-cancer effects and cancer 

from dermal occupational exposures to ONUs were not evaluated because ONUs are not dermally 

exposed to PCE. For inhalation exposures, when there was reasonably available information, EPA 

estimated ONUsô exposures and described the risks separately from workers directly exposed. When the 

difference between ONUsô exposures and workersô exposures cannot be quantified, EPA assumed that 

ONU inhalation exposures are lower than inhalation exposures for workers directly handling the 

chemical substance, and EPA considered the central tendency risk estimate when determining ONU risk. 

A full description of EPAôs unreasonable risk determination for each condition of use 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 to consumersô 

health. Generally, risks for consumers were indicated by acute inhalation and dermal exposure at low, 

medium, and high intensity use. The exposure scenarios supporting the unreasonable risk determinations 

for the conditions of use are listed in the detailed description of each consumer use 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 bystandersô health. EPA did not evaluate non-cancer effects from dermal exposures to 

bystanders because bystanders are not dermally exposed to PCE. A full description of EPAôs 

unreasonable risk determination for each condition of use is in Section 5.2. 

 

Summary of Unreasonable Risk Determinations: In conducting risk evaluations, ñEPA 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 evaluationéò 40 CFR 702.47. Pursuant to 

TSCA section 6(i)(1), a determination of ñno unreasonable riskò shall be issued by order and considered 

to be final agency action. Under EPAôs implementing regulations, ñ[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.ò 40 CFR 

702.49(d). 

 

EPA has determined that the following conditions of use of PCE 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 5.4.1 of this final Risk 

Evaluation. 

 

Conditions of Use that Do Not Present an Unreasonable Risk  

¶ Distribution in commerce 

¶ Industrial and commercial use in lubricants and greases as solvent for penetrating lubricants and cutting 

tool coolants 

 

EPA has determined that the following conditions of use of PCE 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.  
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Manufacturing that Presents an Unreasonable Risk  

¶ Manufacturing (domestic manufacturing) 

¶ Manufacturing (import) 

 

Processing that Present an Unreasonable Risk  

¶ As a reactant/intermediate 

¶ Incorporation into formulation, mixture or reaction product in cleaning and degreasing products 

¶ Incorporation into formulation, mixture or reaction product in adhesive and sealant products 

¶ Incorporation into formulation, mixture or reaction product in paint and coating products 

¶ Incorporation into formulation, mixture or reaction product in other chemical products and preparations 

¶ Repackaging 

¶ Recycling 

 

Industrial and Commercial Uses that Present an Unreasonable Risk 

¶ Industrial and commercial use as solvent for open-top batch vapor degreaser 

¶ Industrial and commercial use as solvent for closed-loop batch vapor degreaser 

¶ Industrial and commercial use as solvent for in-line conveyorized vapor degreaser 

¶ Industrial and commercial use as solvent for in-line web cleaner vapor degreaser 

¶ Industrial and commercial use as solvent for cold cleaning 

¶ Industrial and commercial use as solvent for aerosol spray degreaser/cleaner 

¶ Industrial and commercial use as a lubricant and grease in aerosol lubricants 

¶ Industrial and commercial use as an adhesive and sealant in solvent-based adhesives and sealants 

¶ Industrial and commercial use in paints and coatings as solvent-based paints and coatings 

¶ Industrial and commercial use in paints and coatings as a maskant for chemical milling 

¶ Industrial and commercial use as a processing aid in pesticide, fertilizer and other agricultural chemical 

manufacturing 

¶ Industrial and commercial use as a processing aid in catalyst regeneration in petrochemical 

manufacturing 

¶ Industrial and commercial use in cleaning and furniture care products in wipe cleaning 

¶ Industrial and commercial use in cleaning and furniture care products in other spot cleaning and spot 

removers, including carpet cleaning 

¶ Industrial and commercial use in cleaning and furniture care products for mold release 

¶ Industrial and commercial use in cleaning and furniture care products in dry cleaning and spot cleaning 

post-2006 dry cleaning 

¶ Industrial and commercial use in cleaning and furniture care products in dry cleaning and spot cleaning 

4th/5th gen only dry cleaning 

¶ Industrial and commercial use in cleaning and furniture care products in automotive care products (e.g., 

engine degreaser and brake cleaner) 

¶ Industrial and commercial use in cleaning and furniture care products in non-aerosol cleaner 

¶ Industrial and commercial use in metal (e.g., stainless steel) and stone polishes 

¶ Industrial and commercial use in laboratory chemicals 

¶ Industrial and commercial use in welding 

¶ Industrial and commercial use in other textile processing 

¶ Industrial and commercial use in wood furniture manufacturing 
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¶ Industrial and commercial use in foundry applications 

¶ Industrial and commercial use in specialty Department of Defense uses (oil analysis and water pipe 

repair) 

¶ Commercial use in inks and ink removal products (based on printing) 

¶ Commercial use in inks and ink removal products (based on photocopying) 

¶ Commercial use for photographic film 

¶ Commercial use in mold cleaning, release and protectant products 

 

Consumer Uses that Present an Unreasonable Risk  

¶ Consumer use in cleaning and furniture care products in cleaners and degreasers (other) 

¶ Consumer use in cleaning and furniture care products in dry cleaning solvent 

¶ Consumer use in cleaning and furniture care products in automotive care products (brake cleaner) 

¶ Consumer use in cleaning and furniture care products in automotive care products (parts cleaner) 

¶ Consumer use in cleaning and furniture care products in aerosol cleaner (vandalism mark and stain 

remover) 

¶ Consumer use in cleaning and furniture care products in non-aerosol cleaner (e.g., marble and stone 

polish) 

¶ Consumer use in lubricants and greases (cutting oils) 

¶ Consumer use in lubricants and greases (lubricants and penetrating oils) 

¶ Consumer use in adhesives for arts and crafts (including industrial adhesive, arts and crafts adhesive, 

gun ammunition sealant) 

¶ Consumer use in adhesives for arts and crafts (livestock grooming adhesive) 

¶ Consumer use in adhesives for arts and crafts (column adhesive, caulk and sealant) 

¶ Consumer use in paints and coatings as solvent-based paints and coatings (outdoor water shield (liquid)) 

¶ Consumer use in paints and coatings as solvent-based paints and coatings (coatings and primers 

(aerosol)) 

¶ Consumer use in paints and coatings as solvent-based paints and coatings (rust primer and sealant 

(liquid)) 

¶ Consumer use in paints and coatings as solvent-based paints and coatings (metallic overglaze) 

¶ Consumer use in metal (e.g., stainless steel) and stone polishes 

¶ Consumer use in inks and ink removal products 

¶ Consumer use in welding 

¶ Consumer use in mold cleaning, release and protectant products 

 

Disposal that Presents an Unreasonable Risk  

¶ Disposal 
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1 INTRODUCTION  

This document represents the final Risk Evaluation for PCE under 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, the Nationôs primary chemicals management law, in June 

2016. 

The Environmental Protection Agency (EPA) published the Scope of the Risk Evaluation for PCE in 

June 2017 (U.S. EPA, 2017h), and the Problem Formulation in June 2018 (U.S. EPA, 2018d), which 

represented the analytical phase of risk evaluation in which ñthe purpose for the assessment is 

articulated, the problem is defined, and a plan for analyzing and characterizing risk is determinedò as 

described in Section 2.2 of the Framework for Human Health Risk Assessment to Inform Decision 

Making (U.S. EPA, 2014c). The Problem Formulation identified conditions of use and presented three 

conceptual models and an analysis plan. Based on EPAôs analysis of the conditions of use, physical-

chemical and fate properties, environmental releases, and exposure pathways, the Problem Formulation 

preliminarily concluded that further analysis was necessary for exposure pathways to aquatic receptors 

exposed via surface water, workers, and consumers. EPA received comments on the published Problem 

Formulation for PCE and has considered the comments specific to PCE, as well as more general 

comments regarding EPAôs chemical risk evaluation approach for the first 10 chemicals EPA is 

evaluating. EPA subsequently published the draft Risk Evaluation for PCE in April 2020 and has taken 

public and peer review comments. 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. 

 

In this risk evaluation, Section 1 presents the basic physical-chemical characteristics of PCE, 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 Problem Formulation and draft Risk Evaluation. This section 

also includes a discussion of the systematic review process utilized in this risk evaluation. Section 2 

provides a discussion and analysis of the exposures, both human and environmental, that can be 

expected based on the conditions of use for PCE. Section 3 discusses human health and environmental 

hazards of PCE. Section 4 presents the risk characterization, where EPA integrates and assesses 

reasonably available information on human 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 risk evaluation. Section 5 presents EPAôs 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)). 

 

As per EPAôs final rule, (U.S. EPA, 2017c), 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 all 

aspects of this risk evaluation. 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 (U.S. EPA, 2015a) and other methods 

consistent with section 26 of TSCA (See 40 CFR 702.45). As explained in the Risk Evaluation Rule 
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(U.S. EPA, 2017c), 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 (U.S. EPA, 2017c), 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 believes peer 

reviewers will be most effective in this role if they receive the benefit of public comments on draft Risk 

Evaluations prior to peer review. For this reason, the public comment period opened prior to 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. 

EPA also solicited input on the first 10 chemicals as it developed use documents, scope documents, 

Problem Formulations, and draft Risk Evaluations. 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 

draft Risk Evaluation of PCE.  

 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, routes, and hazards 

being evaluated. A summary of the physical-chemical properties of PCE is set forth in Table 1-1. 
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Table 1-1. Physical and Chemical Properties of PCE 

Property Valuea References 
Data Quality 

Rating 

Molecular formula C2Cl4   

Molecular weight 165.833   

Physical form Colorless liquid; chloroform-like 

odor 

Lewis (2007); NIOSH 

(2005); U.S. Coast 

Guard (1984) 

High 

Melting point -22.3°C Lide (2007)  High 

Boiling point 121.3°C Lide (2007) High 

Density 1.623 g/cm3 at 20°C Lide (2007) High 

Vapor pressure 18.5 mmHg at 25°C Riddick et al. (1985) High 

Vapor density 5.83 (relative to air) (Lewis, 1992) High 

Water solubility 206 mg/L at 20°C Horvath (1982)  High 

Octanol:water partition 

coefficient (log KOW) 

3.40  Hansch et al. (1995)  High 

Octanol:air partition 

coefficient (log KOA) 

3.48 (U.S. EPA, 2012a) High 

Henryôs Law constant 0.0177 atm-m3/mole at 25°C 

(equivalent to 0.724 

dimensionless) 

Gossett (1987)  High 

Flash point Not applicable Nfpa (2010)  High 

Autoflammability Not readily available   

Viscosity 0.839 cP at 25°C Hickman (2000)  High 

Refractive index 1.4775 Lide (2007) High 

Dielectric constant 2.30 at 25°C (Lange and Dean, 

1985)  

High 

a Measured unless otherwise noted. 

 

 Uses and Production Volume 
The uses of PCE include the production of fluorinated compounds, dry cleaning and vapor degreasing, 

as well as a number of less produced uses. Nearly 65% of the production volume of PCE is used as an 

intermediate in industrial gas manufacturing, producing fluorinated compounds, such as 

hydrofluorocarbons (HFCs) and hydrochlorofluorocarbons (HCFCs) (NTP, 2014) (Icis, 2011). HFCs 

134a and 125 are alternatives to chlorofluorocarbons (CFCs) and HCFCs, which are ozone depleting 

substances (ODSs), and the subject of a phase-out (https://www.epa.gov/ods-phaseout). HCFCs are 

transitional substances in the phase-out of ODSs (Icis, 2011), (Fay, 2017). Previously, PCE was widely 

used to manufacture CFCs (especially trichlorotrifluoroethane (CFC-113)) until production and 

importation of CFCs for most uses were phased out in the United States under the Montreal Protocol (40 
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CFR part 82). A relatively small amount of CFC-113 is still produced for exempted uses (EPA 

teleconference with Honeywell, 2017; summary is available in the docket: EPA-HQ-OPPT-2016-0732). 

The second largest use of PCE (~15%) is as a solvent in dry cleaning facilities (NTP, 2014). PCE is non-

flammable and effectively dissolves fats, greases, waxes and oils, without harming natural or human-

made fibers. These properties enabled it to replace traditional petroleum solvents (ATSDR, 2014; Dow 

Chemical Co, 2008; Tirsell, 2000). The demand for PCE dry cleaning solvents has steadily declined as a 

result of the improved efficiency of dry cleaning equipment, increased chemical recycling and the 

popularity of wash-and-wear fabrics that eliminate the need for dry cleaning (ATSDR, 2019). PCE is 

also used in dry cleaning detergent and dry cleaning sizing. 

Approximately 60% of dry cleaning machines in the United States use PCE as a solvent (DLI/NCA, 

2017). However, there appears to have be a trend towards alternatives to PCE in dry cleaning. In 1991, 

EPA had estimated that 83% of all dry cleaning facilities used PCE as solvent (U.S. EPA, 1991b). In 

2008, the Halogenated Solvents Industry Association (HSIA) estimated that 70% of dry cleaners used 

PCE (Graul, 2017) and a 2011 King County, WA profile of the dry cleaning industry found that 69% of 

respondents (105 of the 152 respondents) used PCE (Whittaker and Johanson, 2011). According to the 

dry cleaning industry, a majority of new PCE dry cleaning machines are sold in locations where ñlocal 

fire codes preclude the use of Class III combustible alternative solvents or [where] the nature of the 

operation demands the use of PCEò (DLI/NCA, 2017). 

The third largest use of PCE (~10%) is as a vapor degreasing solvent (NTP, 2014). PCE can be used to 

dissolve many organic compounds, select inorganic compounds and high-melting pitches and waxes 

making it useful for cleaning contaminated metal parts and other fabricated materials (ATSDR, 2019). It 

is a very good solvent for greases, fats, waxes, oils, bitumen, tar and many natural and synthetic resins 

for use in chemical cleaning systems, degreasing light and heavy metals, degreasing pelts and leather 

(tanning), extraction of animal and vegetable fats and oils and textile dyeing (solvent for dye baths) 

(Stoye, 2000). PCE is also used in cold cleaning, which is similar to vapor degreasing, except that cold 

cleaning does not require the solvent to be heated to its boiling point in order to clean a given 

component. Vapor degreasing and cold cleaning scenarios may include a range of open-top or closed 

systems, conveyorized/enclosed/inline systems, spray wands, dip containers and wipes.  

PCE has many other uses, which collectively constitute ~10% of the production volume. EPAôs search 

of safety data sheets, government databases and other sources found over 375 products containing PCE. 

These uses include (but are not limited to): 

¶ Adhesives 

¶ Aerosol degreasing 

¶ Brake cleaner 

¶ Laboratories 

¶ Lubricants 

¶ Mold cleaners, releases and protectants 

¶ Oil refining 

¶ Sealants 

¶ Stainless steel polish 

¶ Tire buffers and cleaners 

¶ Vandal mark removers 
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Many of these uses include consumer products, such as adhesives (arts and crafts, as well as light 

repairs), aerosol degreasing, brake cleaners, aerosol lubricants, sealants, sealants for gun ammunition, 

stone polish, stainless steel polish and wipe cleaners. The uses of PCE in consumer adhesives and brake 

cleaners are especially prevalent; EPA has found 16 consumer adhesive products and 14 consumer brake 

cleaners containing PCE (see (U.S. EPA, 2017e)). 

The Chemical Data Reporting (CDR) Rule under TSCA requires U.S. manufacturers and importers to 

provide EPA with information on the chemicals they manufacture or import into the United States. For 

the 2016 CDR cycle, data collected per chemical include the company name, volume of each chemical 

manufactured/imported, the number of workers at each site, and information on whether the chemical is 

used in the commercial, industrial, and/or consumer sector. However, only companies that manufactured 

or imported 25,000 pounds or more at each of their sites during the 2015 calendar year were required to 

report information under the CDR rule (U.S. EPA, 2016d). 

The 2016 CDR (reporting period from 2012 to 2015) data for PCE are provided in Table 1-2 from 

EPAôs CDR database (U.S. EPA, 2016c).  

Table 1-2. Production Volume of PCE in CDR Reporting Period (2012 to 2015) a 

Reporting Year 2012 2013 2014 2015 

Total Aggregate 

Production Volume (lbs) 

387,623,401 391,403,540 355,305,850 324,240,744 

a The CDR data for the 2016 reporting period is available via ChemView (https://chemview.epa.gov/chemview) 

(ChemView, 2019). The CDR data presented in the risk evaluation is more specific than currently available in ChemView.  

 Regulatory and Assessment History 
EPA conducted a search of existing domestic and international laws, regulations and assessments 

pertaining to PCE. EPA compiled this summary from data available from federal, state, international and 

other government sources, as cited in Appendix A.  

Federal Laws and Regulations 

PCE is subject to federal statutes or regulations, other than TSCA, that are implemented by other offices 

within EPA and/or other federal agencies/departments. A summary of federal laws, regulations and 

implementing authorities is provided in Appendix A. 

State Laws and Regulations 

PCE 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. 

Laws and Regulations in Other Countries and International Treaties or Agreements 

PCE is subject to statutes or regulations in countries other than the United States. A summary of these 

laws and regulations is provided in Appendix A. 

 Assessment History 

EPA identified numerous previous assessments conducted by Agency programs and other organizations 

(see Table 1-3). Depending on the source, these assessments may include information on conditions of 

use, hazards, exposures and potentially exposed or susceptible subpopulations. EPA found no additional 

assessments beyond those listed in the Problem Formulation document. 
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Table 1-3. Assessment History of PCE 

Authoring Organization Assessment 

EPA Assessments 

Integrated Risk Information System (IRIS) Toxicological Review of Tetrachloroethylene 

(Perchloroethylene) (CAS No. 127-18-4) (U.S. 

EPA, 2012d) 

Office of Air Quality Planning and Standards 

(OAQPS) 

Perchloroethylene Dry Cleaners Refined Human 

Health Risk Characterization (U.S. EPA, 2005c) 

National Center for Environmental Assessment 

(NCEA) 

Sources, Emission and Exposure for 

Trichloroethylene (TCE) and Related Chemicals     

(U.S. EPA, 2001) 

Office of Air Toxics Tetrachloroethylene (PCE, Perchloroethylene); 

127-18-4 (U.S. EPA, 2000) 

Office of Pesticides and Toxic Substances  

(now, Office of Chemical Safety and Pollution 

Prevention [OCSPP]) 

Occupational Exposure and Environmental 

Release Assessment of Tetrachloroethylene (U.S. 

EPA, 1985b) 

Office of Health and Environmental Assessment Final Health Effects Criteria Document for 

Tetrachloroethylene (U.S. EPA, 1985a) 

Office of Water (OW)  Update of Human Health Ambient Water Quality 

Criteria: Tetrachloroethylene (Perchloroethylene) 

127-18-4 (U.S. EPA, 2015b) 

Office of Water (OW) Ambient Water Quality Criteria for 

Tetrachloroethylene (U.S. EPA, 1980) 

Other U.S.-Based Organizations 

California Environmental Protection Agency, 

Office of Environmental Health Hazard 

Assessment (OEHHA), Air Toxics Hot Spots 

Program 

Perchloroethylene Inhalation Cancer Unit Risk 

Factor (OEHHA, 2016) 

Agency for Toxic Substances and Disease Registry 

(ATSDR) 

Toxicological Profile for Tetrachloroethylene 

(PERC) (ATSDR, 2019) 

National Advisory Committee for Acute Exposure 

Guideline Levels for Hazardous Substances 

(NAC/AEGL Committee)  

Tetrachloroethylene (NAC/AEGL, 2009) 

California Environmental Protection Agency, 

OEHHA, Pesticide and Environmental Toxicology 

Section 

Public Health Goal for Tetrachloroethylene in 

Drinking Water (OEHHA, 2001) 

National Toxicology Program (NTP) Toxicology and Carcinogenesis Studies of 

Tetrachloroethylene (Perchloroethylene); (CAS 

No. 127-18-4) in F344/N Rats and B6C3F1 Mice 

(NTP, 1986a) 
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Authoring Organization Assessment 

National Institute for Occupational Safety and 

Health (NIOSH) 

Criteria for a recommended standard occupational 

exposure to tetrachloroethylene 

(perchloroethylene) (NIOSH, 1976) 

International  

International Agency for Research on Cancer 

(IARC) 

IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans, 

Tetrachloroethylene (IARC, 2014) 

European Union (EU), Scientific Committee on 

Health and Environmental Risks (SCHER) 

SCHER, Scientific Opinion on the Risk 

Assessment Report on Tetrachloroethylene, 

Human Health Part, CAS No.: 127-18-4, 12 

(Scher, 2008) 

World Health Organization (WHO) Concise International Chemical Assessment 

Document 68; Tetrachloroethylene (WHO, 2006a) 

EU, European Chemicals Bureau (ECB) EU Risk Assessment Report; Tetrachloroethylene, 

Part 1 - environment (ECB, 2005) 

National Industrial Chemicals Notification and 

Assessment Scheme (NICNAS), Australia 

Tetrachloroethylene; Priority Existing Chemical 

Assessment Report No. 15 (NICNAS, 2001) 

 

 Scope of the Evaluation 

 Conditions of Use Included in the Risk Evaluation 

TSCA § 3(4) defines the conditions of use (COUs) as óóthe circumstances, as determined by the 

Administrator, under which a chemical substance is intended, known, or reasonably foreseen to be 

manufactured, processed, distributed in commerce, used, or disposed of.ò The COUs for PCE are 

described below in Table 1-4. After publication of the Problem Formulation document (U.S. EPA, 

2018d), EPA further analyzed the ñProcessing ï Incorporated into Articlesò category and determined 

that PCE is not incorporated into articles but is used as a degreaser to clean parts used in articles; 

therefore, this category of use was removed from the risk evaluation. EPA also added Department of 

Defense (DoD) uses to the ñOther Industrial Usesò category. These uses were assessed in the draft Risk 

Evaluation but were not mapped to any of the existing categories of conditions of use. After further 

evaluation, EPA determined that these uses best fit into the ñOther Industrial Usesò category. These 

changes are reflected in Table 1-4 and the life cycle diagram in Figure 1-1. EPA has not exercised its 

authority in TSCA section 6(b)(4)(D) to exclude any PCE conditions of use from the scope of the PCE 

risk evaluation. Figure 1-2 shows a breakdown of the production volume by uses according to HSIA 

(2008). 

To help characterize the life cycle of PCE, EPA developed a national mass balance to evaluate how 

much of the volume of PCE can be accounted for from cradle-to-grave. The inputs into the mass balance 

included data from the 2016 CDR, 2017 National Emissions Inventory (NEI), 2017 Toxics Release 

Inventory (TRI), and available market data. The result of the mass balance is provided in Figure 1-3. 

The total mass accounted for at the end-of-life stage, which includes wastes from manufacturing, 

processing, use, waste treatment and disposal facilities, is approximately 89% of the 2015 production 

volume. The unaccounted-for volume is likely due to a combination of the following:  
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¶ Limitations in reporting requirements for NEI and TRI causing wastes and emissions from 

certain sites to go unreported. 

¶ Uncertainty in the total accounted for volume due to combining data from different years.  

¶ Uncertainty arising from the potential to double count TRI volumes reported as transferred off-

site for energy recovery, treatment, and recycling that are then received by another TRI site that 

reports this volume in its on-site waste management activities.  

¶ Undercounting the true export volume due to seven sites claiming their export volume as 

Confidential Business Information (CBI) in the 2016 CDR.  

 

Additional details on the development of the mass balance can be found in Appendix C. 
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Figure 1-1. PCE Life Cycle Diagram 

The life cycle diagram depicts the conditions of use that are within the scope of the risk evaluation during various life cycle stages including 

manufacturing, processing, use (industrial, commercial, or consumer) and disposal. The production volumes shown are for reporting year 

2015 from the 2016 CDR reporting period (Table 1-2) (U.S. EPA, 2016c). Activities related to distribution (e.g., loading, unloading) will be 

considered throughout the PCE life cycle, rather than using a single distribution scenario. 
a See Table 1-4 for additional uses not mentioned specifically in this diagram.  
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Figure 1-2. Breakdown of Perchloroethylene Production Volume by Uses According to HSIA (2008) 
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Figure 1-3. Mass Balance for Perchloroethylene 

 



Page 56 of 714 

 

Table 1-4. Categories and Subcategories of Conditions of Use Included in the Scope of the Risk 

Evaluation4 

Life Cycle 

Stage Category a Subcategory b References 

Manufacture Domestic 

manufacture 

Domestic manufacture (U.S. EPA, 

2016c) 

Import Import (U.S. EPA, 2016c) 

Processing 

 

Processing as 

a reactant or 

intermediate 

Intermediate in industrial gas 

manufacturing 

(U.S. EPA, 2016c); (U.S. EPA, 

2017e); (Krock, 2017a); (Krock, 

2017b); (Cooper, 2017); (Fay, 

2017) 

Intermediate in basic organic 

chemical manufacturing 

(U.S. EPA, 2016b), (U.S. EPA, 

2017e); 

Intermediate in petroleum refineries (U.S. EPA, 2016b); (U.S. EPA, 

2017e);(Cooper, 2017) 

Reactant use (Krock, 2017a); (Krock, 

2017b); 

Incorporated 

into 

formulation, 

mixture or 

reaction 

product 

Cleaning and degreasing products (U.S. EPA, 2016b); (Rudnick, 

2017a), (Rudnick, 2017b) 

Adhesive and sealant products (U.S. EPA, 2016b) 

Paint and coating products (U.S. EPA, 2016b) 

Other chemical products and 

preparations 

(U.S. EPA, 2016b) 

Repackaging Solvent for cleaning or degreasing (U.S. EPA, 2016b) 

Intermediate (U.S. EPA, 2016b) 

Recycling Recycling (U.S. EPA, 2016b) 

Distribution in 

commerce 

Distribution Distribution (U.S. EPA, 2017e) 

Industrial use Solvents (for 

cleaning or 

degreasing) 

Solvents and/or degreasers (cold, 

aerosol spray or vapor degreaser; 

not specified in comment) 

(U.S. EPA, 2017e); (Holmes, 

2017); (Tatman, 2017) 

Batch vapor degreaser (e.g., open-

top, closed-loop) 

(U.S. EPA, 1985b); (Riegle, 

2017); (HSIA, 2018b) 

In-line vapor degreaser (e.g., 

conveyorized, web cleaner) 

(U.S. EPA, 1985b); (Dowell, 

2017) 

 
4 Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios in this 

document, the Agency interprets the authority over ñany manner or method of commercial useò under TSCA section 6(a)(5) 

to reach both. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986732
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986749
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986749
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986685
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986756
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986756
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986685
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986732
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986749
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986749
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827355
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827355
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986820
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986820
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Life Cycle 

Stage Category a Subcategory b References 

Solvents (for 

cleaning or 

degreasing) 

Cold cleaner (U.S. EPA, 2017e); (Rudnick, 

2017a), (Rudnick, 2017b) 

Aerosol spray degreaser/cleaner (U.S. EPA, 2017e); (U.S. EPA, 

2017e); (Sass, 2017); (Rudnick, 

2017a), (Rudnick, 2017b) 

Dry cleaning solvent (U.S. EPA, 2017e); (U.S. EPA, 

2006b) 

Spot cleaner (U.S. EPA, 2017e); (Sass, 2017) 

Lubricants 

and greases 

Lubricants and greases - aerosol 

lubricants 

(U.S. EPA, 2016b); (U.S. EPA, 

2017e); (HSIA, 2018b); 

(Tatman, 2017); (HSIA, 

2018b); (Tatman, 2017) 
Lubricants and greases - penetrating 

lubricants, cutting tool coolants 

Adhesive and 

sealant 

chemicals 

Solvent-based adhesives and 

sealants 

(U.S. EPA, 2016b); (U.S. EPA, 

2017e); (U.S. EPA, 2017e); 

(Sass, 2017); (Riegle, 2017); 

(Holmes, 2017); (HSIA, 2018b) 

Paints and 

coatings 

including 

paint and 

coating 

removers 

Solvent-based paints and coatings, 

including for chemical milling 

(U.S. EPA, 2016b); (U.S. EPA, 

2017e); (Sass, 2017); (Riegle, 

2017); (Davis, 2017); (HSIA, 

2018b); (U.S. DOD, 2017)  

Processing 

aids, not 

otherwise 

listed 

Pesticide, fertilizer and other 

agricultural chemical 

manufacturing  

(U.S. EPA, 2016b) 

Processing 

aids, specific 

to petroleum 

production 

Catalyst regeneration in 

petrochemical manufacturing 

(U.S. EPA, 2016b); (U.S. EPA, 

2017e); (Dow Chem, 2008); 

(Cooper, 2017); (HSIA, 2018b) 

Other uses Textile processing (U.S. EPA, 2017e) 

Wood furniture manufacturing (U.S. EPA, 2017e) 

Laboratory chemicals (U.S. EPA, 2017e); (Riegle, 

2017) 

Foundry applications (U.S. EPA, 2017e) 

Other DOD uses (U.S. DOD and Environmental 

Health Readiness System - 

Industrial, 2018) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986770
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6316607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3797950
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986685
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986751
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
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Life Cycle 

Stage Category a Subcategory b References 

Commercial/ 

consumer use 

Cleaning and 

furniture care 

products 

Cleaners and degreasers (other) (U.S. EPA, 2017e); (Sass, 

2017); (Rudnick, 2017a), 

(Rudnick, 2017b); (Holmes, 

2017); (McCormick, 2017); 

(HSIA, 2018b); (Tatman, 2017) 

Dry cleaning solvent (U.S. EPA, 2017e);(U.S. EPA, 

2006b); (DLI/NCA, 2017); 

(Sass, 2017) 

Spot cleaner (U.S. EPA, 2017e); (U.S. EPA, 

2006b); (Sass, 2017) 

Automotive care products (e.g., 

engine degreaser and brake cleaner) 

U.S. EPA (2016d), (U.S. EPA, 

2017e); (Rudnick, 2017a), 

(Rudnick, 2017b); (HSIA, 

2018b) 

Aerosol cleaner (U.S. EPA, 2017e); (Sass, 2017) 

Non-aerosol cleaner (U.S. EPA, 2017e); (Sass, 2017) 

Lubricants 

and greases 

Lubricants and greases (e.g., 

penetrating lubricants, cutting tool 

coolants, aerosol lubricants) 

(U.S. EPA, 2016b); (U.S. EPA, 

2017e); (HSIA, 2018b); 

(Tatman, 2017) 

Adhesives 

and sealant 

chemicals 

Adhesives for arts and crafts (U.S. EPA, 2016b); (U.S. EPA, 

2017e); (Sass, 2017) 

Light repair adhesives (U.S. EPA, 2016b); (U.S. EPA, 

2017e) 

Paints and 

coatings 

Solvent-based paints and coatings (U.S. EPA, 2016b); (U.S. EPA, 

2017e); (Sass, 2017); (Davis, 

2017); (HSIA, 2018b) 

Other uses Carpet cleaning (U.S. EPA, 2017e); (Sass, 2017) 

Laboratory chemicals (U.S. EPA, 2017e) 

Metal (e.g., stainless steel) and 

stone polishes 

(U.S. EPA, 2017e) 

Inks and ink removal products (U.S. EPA, 2017e) 

Welding (U.S. EPA, 2017e) 

Photographic film (U.S. EPA, 2017e) 

Mold cleaning, release and 

protectant products 

(U.S. EPA, 2017e); (Rudnick, 

2017a), (Rudnick, 2017b) 

Disposal Disposal 

 

Industrial pre-treatment (U.S. EPA, 2017e) 

Industrial wastewater treatment 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986676
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986675
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827403
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176392
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079121
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986770
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986770
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986829
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986687
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986802
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827367
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Life Cycle 

Stage Category a Subcategory b References 

Publicly owned treatment works 

(POTW) 

Underground injection 

Municipal solid waste landfill 

Hazardous waste landfill 

Other land disposal 

Municipal waste incinerator 

Hazardous waste incinerator 

Off-site waste transfer 

Off-site waste transfer 

a These categories of conditions of use appear in the life cycle diagram, reflect CDR codes and broadly represent conditions 

of use for PCE in consumer, industrial, and/or commercial settings. 
b These subcategories reflect more specific uses of PCE.  

 Exposure Pathways and Risks Addressed by Other EPA-Administered Statutes5 

In its TSCA section 6(b) risk evaluations, EPA is coordinating action on certain exposure pathways and 

risks falling under the jurisdiction of other EPA-administered statutes or regulatory programs. More 

specifically, EPA is exercising its TSCA authorities to tailor the scope of its risk evaluations, rather than 

focusing on environmental exposure pathways addressed under other EPA-administered statutes or 

regulatory programs or risks that could be eliminated or reduced to a sufficient extent by actions taken 

under other EPA-administered laws.  EPA considers this approach to be a reasonable exercise of the 

Agencyôs TSCA authorities, which include: 

 

¶ TSCA section 6(b)(4)(D):  ñThe Administrator shall, not later than 6 months after the initiation 
of a risk evaluation, publish the scope of the risk evaluation to be conducted, including the 

hazards, exposures, conditions of use, and the potentially exposed or susceptible subpopulations 

the Administrator expects to consideréò 

¶ TSCA section 9(b)(1): ñThe Administrator shall coordinate actions taken under this chapter with 
actions taken under other Federal laws administered in whole or in part by the Administrator. If 

the Administrator determines that a risk to health or the environment associated with a chemical 

substance or mixture could be eliminated or reduced to a sufficient extent by actions taken under 

the authorities contained in such other Federal laws, the Administrator shall use such authorities 

to protect against such risk unless the Administrator determines, in the Administratorôs 

discretion, that it is in the public interest to protect against such risk by actions taken under this 

chapter.ò 

¶ TSCA section 9(e):  ñé[I]f the Administrator obtains information related to exposures or 
releases of a chemical substance or mixture that may be prevented or reduced under another 

Federal law, including a law not administered by the Administrator, the Administrator shall 

make such information available to the relevant Federal agency or office of the Environmental 

Protection Agency.ò 

 
5 The statutory interpretations and approach described in this subsection will apply to all TSCA risk evaluations and are not 

limited in application to this final risk evaluation for PCE. 
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¶ TSCA section 2(c):  ñIt is the intent of Congress that the Administrator shall carry out this 

chapter in a reasonable and prudent manner, and that the Administrator shall consider the 

environmental, economic, and social impact of any action the Administrator takes or proposes as 

provided under this chapter.ò 

¶ TSCA section 18(d)(1):  ñNothing in this chapter, nor any amendment made by the Frank R. 

Lautenberg Chemical Safety for the 21st Century Act, nor any rule, standard of performance, 

risk evaluation, or scientific assessment implemented pursuant to this chapter, shall affect the 

right of a State or a political subdivision of a State to adopt or enforce any rule, standard of  

performance, risk evaluation, scientific assessment, or any other protection for public health or 

the environment thatð (i) is adopted or authorized under the authority of any other Federal law 

or adopted to satisfy or obtain authorization or approval under any other Federal lawéò 

TSCA authorities supporting tailored risk evaluations and intra-agency referrals 

TSCA section 6(b)(4)(D) 

TSCA Section 6(b)(4)(D) requires EPA, in developing the scope of a risk evaluation, to identify the 

hazards, exposures, conditions of use, and potentially exposed or susceptible subpopulations the Agency 

ñexpects to considerò in a risk evaluation. This language suggests that EPA is not required to consider 

all conditions of use, hazards, or exposure pathways in risk evaluations. In the Problem Formulation 

documents for many of the first 10 chemicals undergoing risk evaluation, EPA applied this authority and 

rationale to certain exposure pathways, explaining that ñEPA 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 excluding, on a case-by-case basis, 

certain exposure pathways that fall under the jurisdiction of other EPA-administered statutes.ò This 

approach is informed by the legislative history of the amended TSCA, which supports the Agencyôs 

exercise of discretion to focus the risk evaluation on areas that raise the greatest potential for risk.  See 

June 7, 2016 Cong. Rec., S3519-S3520. Consistent with the approach articulated in the Problem 

Formulation documents, and as described in more detail below, EPA is exercising its authority under 

TSCA to tailor the scope of exposures evaluated in TSCA risk evaluations, rather than focusing on 

environmental exposure pathways addressed under other EPA-administered, media-specific statutes and 

regulatory programs.   

 

TSCA section 9(b)(1) 

In addition to TSCA Section 6(b)(4)(D), the Agency also has discretionary authority under the first 

sentence of TSCA Section 9(b)(1) to ñcoordinate actions taken under [TSCA] with actions taken under 

other Federal laws administered in whole or in part by the Administrator.ò This broad, freestanding 

authority provides for intra-agency coordination and cooperation on a range of ñactions.ò In EPAôs 

view, the phrase ñactions taken under [TSCA]ò in the first sentence of Section 9(b)(1) is reasonably read 

to encompass more than just risk management actions, and to include actions taken during risk 

evaluation as well. More specifically, the authority to coordinate intra-agency actions exists regardless 

of whether the Administrator has first made a definitive finding of risk, formally determined that such 

risk could be eliminated or reduced to a sufficient extent by actions taken under authorities in other 

EPA-administered Federal laws, and/or made any associated finding as to whether it is in the public 

interest to protect against such risk by actions taken under TSCA.  TSCA Section 9(b)(1) therefore 

provides EPA authority to coordinate actions with other EPA offices without ever making a risk finding 

or following an identification of risk. This includes coordination on tailoring the scope of TSCA risk 

evaluations to focus on areas of greatest concern rather than exposure pathways addressed by other 

EPA-administered statutes and regulatory programs, which does not involve a risk determination or 

public interest finding under TSCA Section 9(b)(2).   
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In a narrower application of the broad authority provided by the first sentence of TSCA Section 9(b)(1), 

the remaining provisions of Section 9(b)(1) provide EPA authority to identify risks and refer certain of 

those risks for action by other EPA offices. Under the second sentence of Section 9(b)(1), ñ[i]f the 

Administrator determines that a risk to health or the environment associated with a chemical substance 

or mixture could be eliminated or reduced to a sufficient extent by actions taken under the authorities 

contained in such other Federal laws, the Administrator shall use such authorities to protect against such 

risk unless the Administrator determines, in the Administratorôs discretion, that it is in the public interest 

to protect against such risk by actions taken under [TSCA].ò Coordination of intra-agency action on 

risks under TSCA Section 9(b)(1) therefore entails both an identification of risk, and a referral of any 

risk that could be eliminated or reduced to a sufficient extent under other EPA-administered laws to the 

EPA office(s) responsible for implementing those laws (absent a finding that it is in the public interest to 

protect against the risk by actions taken under TSCA). 

 

Risk may be identified by OPPT or another EPA office, and the form of the identification may vary. For 

instance, OPPT may find that one or more conditions of use for a chemical substance present(s) a risk to 

human or ecological receptors through specific exposure routes and/or pathways. This could involve a 

quantitative or qualitative assessment of risk based on reasonably available information (which might 

include, e.g., findings or statements by other EPA offices or other federal agencies). Alternatively, risk 

could be identified by another EPA office. For example, another EPA office administering non-TSCA 

authorities may have sufficient monitoring or modeling data to indicate that a particular condition of use 

presents risk to certain human or ecological receptors, based on expected hazards and exposures. This 

risk finding could be informed by information made available to the relevant office under TSCA Section 

9(e), which supports cooperative actions through coordinated information-sharing. 

 

Following an identification of risk, EPA would determine if that risk could be eliminated or reduced to a 

sufficient extent by actions taken under authorities in other EPA-administered laws. If so, TSCA 

requires EPA to ñuse such authorities to protect against such risk,ò unless EPA determines that it is in 

the public interest to protect against that risk by actions taken under TSCA. In some instances, EPA may 

find that a risk could be sufficiently reduced or eliminated by future action taken under non-TSCA 

authority. This might include, e.g., action taken under the authority of the Safe Drinking Water Act to 

address risk to the general population from a chemical substance in drinking water. This sort of risk 

finding and referral could occur during the risk evaluation process, thereby enabling EPA to use a more 

relevant and appropriate authority administered by another EPA office to protect against hazards or 

exposures to affected receptors. 

 

Legislative history on TSCA Section 9(b)(1) supports both broad coordination on current intra-agency 

actions, and narrower coordination when risk is identified and referred to another EPA office for action. 

A Conference Report from the time of TSCAôs passage explained that Section 9 is intended ñto assure 

that overlapping or duplicative regulation is avoided while attempting to provide for the greatest 

possible measure of protection to health and the environment.ò S. Rep. No. 94-1302 at 84. See also H. 

Rep. No. 114-176 at 28 (stating that the 2016 TSCA amendments ñreinforce TSCAôs original purpose of 

filling gaps in Federal law,ò and citing new language in Section 9(b)(2) intended ñto focus the 

Administrator's exercise of discretion regarding which statute to apply and to encourage decisions that 

avoid confusion, complication, and duplicationò). Exercising TSCA Section 9(b)(1) authority to 

coordinate on tailoring TSCA risk evaluations is consistent with this expression of Congressional intent.   

 

Legislative history also supports a reading of Section 9(b)(1) under which EPA coordinates intra-agency 

action, including information-sharing under TSCA Section 9(e), and the appropriately positioned EPA 

office is responsible for the identification of risk and actions to protect against such risks. See, e.g., 
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Senate Report 114-67, 2016 Cong. Rec. S3522 (under TSCA Section 9, ñif the Administrator finds that 

disposal of a chemical substance may pose risks that could be prevented or reduced under the Solid 

Waste Disposal Act, the Administrator should ensure that the relevant office of the EPA receives that 

informationò); H. Rep. No. 114-176 at 28, 2016 Cong. Rec. S3522 (under Section 9, ñif the 

Administrator determines that a risk to health or the environment associated with disposal of a chemical 

substance could be eliminated or reduced to a sufficient extent under the Solid Waste Disposal Act, the 

Administrator should use those authorities to protect against the riskò). Legislative history on Section 

9(b)(1) therefore supports coordination with and referral of action to other EPA offices, especially when 

statutes and associated regulatory programs administered by those offices could address exposure 

pathways or risks associated with conditions of use, hazards, and/or exposure pathways that may 

otherwise be within the scope of TSCA risk evaluations.  

 

TSCA sections 2(c) & 18(d)(1) 

Finally, TSCA Sections 2(c) and 18(d) support coordinated action on exposure pathways and risks 

addressed by other EPA-administered statutes and regulatory programs. Section 2(c) directs EPA to 

carry out TSCA in a ñreasonable and prudent mannerò and to consider ñthe environmental, economic, 

and social impactò of its actions under TSCA. Legislative history from around the time of TSCAôs 

passage indicates that Congress intended EPA to consider the context and take into account the impacts 

of each action under TSCA. S. Rep. No. 94-698 at 14 (ñthe intent of Congress as stated in this 

subsection should guide each action the Administrator takes under other sections of the billò).   

 

Section 18(d)(1) specifies that state actions adopted or authorized under any Federal law are not 

preempted by an order of no unreasonable risk issued pursuant to TSCA Section 6(i)(1) or a rule to 

address unreasonable risk issued under TSCA Section 6(a). Thus, even if a risk evaluation were to 

address exposures or risks that are otherwise addressed by other federal laws and, for example, 

implemented by states, the state laws implementing those federal requirements would not be preempted. 

In such a case, both the other federal and state laws, as well as any TSCA Section 6(i)(1) order or TSCA 

Section 6(a) rule, would apply to the same issue area. See also TSCA Section 18(d)(1)(A)(iii). In 

legislative history on amended TSCA pertaining to Section 18(d), Congress opined that ñ[t]his approach 

is appropriate for the considerable body of law regulating chemical releases to the environment, such as 

air and water quality, where the states have traditionally had a significant regulatory role and often have 

a uniquely local concern.ò Sen. Rep. 114-67 at 26. 

 

EPAôs careful consideration of whether other EPA-administered authorities are available and more 

appropriate for addressing certain exposures and risks is consistent with Congressô intent to maintain 

existing federal requirements and the state actions adopted to locally and more specifically implement 

those federal requirements, and to carry out TSCA in a reasonable and prudent manner. EPA believes it 

is both reasonable and prudent to tailor TSCA risk evaluations in a manner reflective of expertise and 

experience exercised by other EPA and State offices to address specific environmental media, rather 

than attempt to evaluate and regulate potential exposures and risks from those media under TSCA. This 

approach furthers Congressional direction and EPA aims to efficiently use Agency resources, avoid 

duplicating efforts taken pursuant to other Agency and State programs, and meet the statutory deadline 

for completing risk evaluations.   

 

EPA-administered statutes and regulatory programs that address specific exposure pathways and/or risks 

During the course of the risk evaluation process for PCE, 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 



Page 63 of 714 

Act (RCRA). Through intra-agency coordination, EPA determined that specific exposure pathways are 

well-regulated by the EPA statutes and regulations described in the following paragraphs.  

 

Ambient Air Pathway 

The CAA contains a list of hazardous 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 requires issuance of 

technology-based 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 thereby provides EPA with comprehensive authority to regulate 

emissions to ambient air of any hazardous air pollutant. 

 

PCE is a HAP. See 42 U.S.C. 7412. EPA has issued a number of technology-based standards for source 

categories that emit PCE to ambient air and, as appropriate, has reviewed, or is in the process of 

reviewing remaining risks. See 40 CFR part 63; Appendix A. Because stationary source releases of PCE 

to ambient air are addressed under the CAA, EPA is not evaluating emissions to ambient air from 

commercial and industrial stationary sources or associated inhalation exposure of the general population 

or terrestrial species in this TSCA risk 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 also review existing national primary drinking water regulations every 6 years, and 

subsequently revise them as appropriate.  

 

EPA has promulgated National Primary Drinking Water Regulations (NPDWRs) for PCE under SDWA. 

See 40 CFR part 141; Appendix A. EPA has set an enforceable Maximum Contaminant Level (MCL) as 

close as feasible to a health based, non-enforceable 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 MCL. Public water systems are required to monitor for the regulated chemical based on a 

standardized monitoring schedule to ensure compliance with the maximum contaminant level (MCL). 

 

Hence, because the drinking water exposure pathway for PCE is currently addressed in the NPDWR, 

EPA is not evaluating exposures to the general population from the drinking water exposure pathway in 

the risk evaluation for PCE under TSCA.  

 

Ambient Water Pathway 

EPA develops recommended water quality criteria under Section 304(a) of the CWA for pollutants in 

surface water that are protective of aquatic life or human health designated uses. EPA develops and 

publishes water quality criteria based on priorities of states and others that reflect the latest scientific 

knowledge. A subset of these chemicals is identified as ñpriority pollutantsò (103 human health and 27 

aquatic life). The CWA requires states adopt numeric criteria for priority pollutants for 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 by the state. When states 

adopt criteria that EPA approves as part of stateôs regulatory water quality standards, exposure is 

considered when state 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 uses of the receiving water. Once 

states adopt criteria as water quality standards, the CWA requires that National Pollutant Discharge 

Elimination System (NPDES) discharge permits include effluent limits as stringent as necessary to meet 
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standards. CWA Section 301(b)(1)(C). This is the process used under the CWA to address risk to human 

health and aquatic life from exposure to a pollutant in ambient waters. 

 

EPA has identified PCE as a priority pollutant and has developed recommended water quality criteria 

for protection of human health for PCE which are available for adoption into state water quality 

standards for the protection of human health and are available for use by NPDES permitting authorities 

in deriving effluent limits to meet state criteria.6 See, e.g., 40 CFR part 423, Appendix A; 40 CFR 

131.11(b)(1); 40 CFR 122.44(d)(1)(vi). As such, EPA is not evaluating exposures to the general 

population from the surface water exposure pathway in the risk evaluation under TSCA.  

 

Biosolids to General Population Pathway 

As wastewater undergoes treatment, some wastewater treatment facilities such as publicly owned 

treatment works (POTWs) use the remaining biosolids for land application. These biosolids could have 

residual PCE. PCE in biosolids that are land applied could be transported via runoff from rainwater to 

surface waters. Residual concentrations of PCE in surface waters not used for drinking water are 

covered by the CWA Ambient Water Quality Criteria for human health consumption of water and 

organisms (10 ug/L). CWA 304(a)(1). States and tribal governments may adopt the EPA Clean Water 

Act Section 304(a) recommended criteria or may adopt their own criteria that differ from EPAôs 

recommendations, subject to EPAôs approval, using scientifically defensible methods. States are 

required to adopt and implement EPA-approved criteria as part of their regulatory water quality 

standards, and compliance with these criteria is considered by states in permits and water quality 

assessment decisions. Thus, general population exposure via the biosolid pathway is not evaluated in the 

final Risk Evaluation. 

 

Onsite Releases to Land Pathway  

The Comprehensive Environmental Response, Compensation, and Liability Act, otherwise known as 

CERCLA or Superfund, provides EPA with broad authority to address uncontrolled or abandoned 

hazardous-waste sites as well as accidents, spills, and other releases of hazardous substances, pollutants 

and contaminants into the environment. Through CERCLA, EPA is provided authority to conduct a 

response action and seek reimbursement of cleanup costs from potentially responsible parties, or in 

certain circumstances, order a potentially responsible party to conduct a cleanup. 

 

CERCLA Section 101(14) defines ñhazardous substanceò by referencing other environmental statutes, 

including toxic pollutants listed under CWA Section 307(a); hazardous substances designated pursuant 

to CWA Section 311(b)(2)(A); hazardous air pollutants listed under CAA Section 112; imminently 

hazardous substances with respect to which EPA has taken action pursuant to TSCA Section 7; and 

hazardous wastes having characteristics identified under or listed pursuant to RCRA Section 3001. See 

40 CFR 302.4. CERCLA Section 102(a) also authorizes EPA to promulgate regulations designating as 

hazardous substances those substances which, when released into the environment, may present 

substantial danger to the public health or welfare or the environment. EPA must also promulgate 

regulations establishing the quantity of any hazardous substance the release of which must be reported 

under Section 103. Section 103 requires persons in charge of vessels or facilities to report to the 

National Response Center if they have knowledge of a release of a hazardous substance above the 

reportable quantity threshold.  

 

PCE is a hazardous substance under CERCLA. Releases of PCE in excess of 100 pounds within a 24-

hour period must be reported (40 CFR 302.4, 302.6). The scope of this EPA TSCA risk evaluation does 

 
6 See https://www.regulations.gov/document?D=EPA-HQ-OW-2014-0135-0189. 
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not include on-site releases to the environment of PCE at Superfund sites and subsequent exposure of 

the general population or non-human species. 

 

Disposal Pathways 

PCE is included on the list of hazardous wastes pursuant to RCRA Section 3001 (40 CFR Sections 

261.31, 261.33) as a listed waste on the F and U lists (F001, F002, and U210). The general standard in 

RCRA Section 3004(a) for the technical criteria that govern the management (treatment, storage, and 

disposal) of hazardous waste are those "necessary to protect human health and the environment," RCRA 

3004(a). The regulatory criteria for identifying ñcharacteristicò hazardous wastes and for ñlistingò a 

waste as hazardous also relate solely to the potential risks to human health or the environment. 40 C.F.R. 

§§ 261.11, 261.21-261.24. RCRA statutory criteria for identifying hazardous wastes require EPA to 

ñtak[e] into account toxicity, persistence, and degradability in nature, potential for accumulation in 

tissue, and other related factors such as flammability, corrosiveness, and other hazardous 

characteristics.ò Subtitle C controls cover not only hazardous wastes that are landfilled, but also 

hazardous wastes that are incinerated (subject to joint control under RCRA Subtitle C and the CAA 

hazardous waste combustion MACT) or injected into UIC Class I hazardous waste wells (subject to joint 

control under Subtitle C and SDWA). 

EPA is not evaluating emissions to ambient air from municipal and industrial waste incineration and 

energy recovery units or associated exposures to the general population or terrestrial species in the risk 

evaluation, as these emissions are regulated under Section 129 of the Clean Air Act. CAA Section 129 

requires EPA to review and, if necessary, add provisions to ensure the standards adequately protect 

public health and the environment. Thus, combustion by-products from incineration treatment of PCE 

wastes would be subject to these regulations, as would PCE burned for energy recovery. See 40 CFR 

part 60. 

 

EPA is not evaluating on-site releases to land that go to underground injection or associated exposures to 

the general population or terrestrial species in its risk evaluation. Environmental disposal of PCE 

injected into Class I hazardous well types are covered under the jurisdiction of RCRA and SDWA and 

disposal of PCE via underground injection is not likely to result in environmental and general population 

exposures. See 40 CFR part 144. 

EPA is not evaluating on-site releases to land from RCRA Subtitle C hazardous waste landfills or 

exposures of the general population or terrestrial species from such releases in the TSCA evaluation. 

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 post-closure care requirements including 

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 

facility. Hazardous waste being disposed in Subtitle C landfills, including PCE (listed as a hazardous 

waste in 40 CFR 261.31, 261.33), must also meet RCRA waste treatment standards before disposal. See 

40 CFR part 264; Appendix A. 

EPA is not evaluating on-site releases to land from RCRA Subtitle D municipal solid waste (MSW) 

landfills or exposures of the general population or terrestrial species from such releases in the TSCA 

evaluation. While permitted and managed by the individual states, municipal solid waste landfills are 
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required by federal regulations to implement some of the same requirements as Subtitle C landfills. 

MSW landfills generally must have a liner system with leachate collection and conduct groundwater 

monitoring and corrective action when releases are detected. MSW landfills are also subject to closure 

and post-closure care requirements and must have financial assurance for funding of any needed 

corrective actions. MSW 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 lbs per month). 

Bulk liquids, such as free solvent, may not be disposed of at MSW landfills. See 40 CFR part 258. 

EPA is not evaluating on-site releases to land from industrial non-hazardous waste and 

construction/demolition waste landfills or associated exposures to the general population or terrestrial 

species in the PCE risk evaluation. Industrial non-hazardous and construction/demolition waste landfills 

are primarily regulated under authorized state regulatory programs. 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 such as for liners, post-closure and financial assurance, but are not required to do so. See, 

e.g., RCRA Section 3004(c), 4007; 40 CFR part 257.   

 Conceptual Models 

The conceptual models for this risk evaluation are shown in Figure 1-4, Figure 1-5, and Figure 1-6. EPA 

considered the potential for hazards to human health and the environment resulting from exposure 

pathways outlined in the conceptual models of the PCE Scope document (U.S. EPA, 2017h). These 

conceptual models considered potential exposures resulting from industrial and commercial activities, 

consumer activities and uses and environmental releases and wastes. The Problem Formulation 

documents refined the initial conceptual models and analysis plans that were provided in the PCE Scope 

document (U.S. EPA, 2017h) and Problem Formulation (U.S. EPA, 2018d). 

 

For the purpose of this evaluation, EPA considered workers and ONUs, which includes men and women 

of reproductive age (Figure 1-4). Consumer exposure was assessed for various pathways for users age 

11 and older along with bystanders of all ages (Figure 1-5).  

 

The potential pathways that were determined to be included in the risk evaluation and further analyzed 

include:  

¶ Exposure to aquatic species (e.g., aquatic plants) via contaminated surface water. 

¶ Inhalation and dermal exposures to workers and consumer users, and inhalation exposures to 

ONUs and consumer bystanders, from industrial/commercial activities and consumer activities.  

¶ Inhalation and dermal exposures to workers and inhalation exposures to ONUs from waste 

handling, treatment and disposal.  

 

Review and evaluation of reasonably available information on PCE confirmed the preliminary 

conclusions in the Problem Formulation (U.S. EPA, 2018d). The conceptual models for this risk 

evaluation are shown in Figure 1-4, Figure 1-5, and Figure 1-6. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121184
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121184
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085618
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085618
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Figure 1-4. PCE Conceptual Model for Industrial and Commercial Activit ies and Uses: Potential Exposures and Hazards 

The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from industrial and commercial 

activities and uses of PCE. 
a Some products are used in both commercial and consumer applications such adhesives and sealants. Additional uses of PCE are included in Table 1-4. 
b Fugitive air emissions are those that are not stack emissions and include fugitive equipment leaks from valves, pump seals, flanges, compressors, sampling connections 

and open-ended lines; evaporative losses from surface impoundment and spills; and releases from building ventilation systems. 
c Receptors include potentially exposed or susceptible subpopulations. 
d Oral exposure may occur through mists that deposit in the upper respiratory tract however, based on physical chemical properties, mists of PCE will likely be rapidly 

absorbed in the respiratory tract or evaporate and will be considered as an inhalation exposure. 
e EPA also considers the effect that engineering controls and/or personal protective equipment have on occupational exposure levels.  
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Figure 1-5. PCE 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 consumer activities and uses of 

PCE.  
a Some products are used in both commercial and consumer applications. Additional uses of PCE are included in Table 1-2. 
b Receptors include potentially exposed or susceptible subpopulations. 
c Consumers oral exposure may occur through mists that deposit in the upper respiratory tract however, based on physical chemical properties, mists of PCE will likely be 

rapidly absorbed in the respiratory tract or evaporate and will be considered as an inhalation exposure. 
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Figure 1-6. PCE Conceptual Model for Environmental Releases and Wastes: Potential Ecological Exposures and Hazards 

The conceptual model presents the exposure pathways, exposure routes and hazards to environmental receptors from environmental releases 

and wastes of PCE. 
a Industrial wastewater or liquid wastes may be treated on-site and then released to surface water (direct discharge) or pre-treated and released to POTW (indirect 

discharge).  
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 Systematic Review 
TSCA requires EPA to use scientific information, technical procedures, measures, methods, 

protocols, methodologies and models consistent with the best available science when making 

science-based decisions under section 6 on the weight of the scientific evidence. Within the 

TSCA risk evaluation context, the weight of the scientific evidence is defined as ña 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 relevanceò (40 CFR 702.33).  

 

To meet the TSCA section 26(h) science standards, EPA used the TSCA systematic review 

process described in the Application of Systematic Review in TSCA Risk Evaluations document 

(U.S. EPA, 2018c). The process complements the risk evaluation process in that the data 

collection, data evaluation and data integration stages of the systematic review process are used 

to develop the exposure and hazard assessments based on reasonably available information. EPA 

defines ñreasonably available informationò to mean information that EPA possesses, or can 

reasonably obtain and synthesize for use in risk evaluations, considering the deadlines for 

completing the evaluation (40 CFR 702.33). 

 

EPA is implementing systematic review methods and approaches within the regulatory context 

of the amended TSCA. Although EPA adopted as many best practices as practicable from the 

systematic review community, EPA modified the process to ensure that the identification, 

screening, evaluation and integration of data and information can support timely regulatory 

decision making under the timelines of the statute. 

 Data and Information Collection 

EPA planned and conducted a comprehensive literature search based on key words related to the 

different discipline-specific evidence supporting the risk evaluation (e.g., environmental fate and 

transport; environmental releases and occupational exposure; exposure to general population, 

consumers and environmental exposure; and human health and environmental hazards). EPA 

then developed and applied inclusion and exclusion criteria during the title/abstract screening to 

identify information potentially relevant for the risk evaluation process. The literature and 

screening strategy as specifically applied to PCE is described in Strategy for Conducting 

Literature Searches for Perchloroethylene (PCE) Supplemental File to the TSCA Scope 

Document (U.S. EPA, 2017i) and the results of the title and abstract screening process were 

published in PCE (CASRN 127-18-4) Bibliography: Supplemental File for the TSCA Scope 

Document; (U.S. EPA, 2017d).  

 

For studies determined to be on-topic (or relevant) after title and abstract screening, EPA 

conducted a full text screening to further exclude references that were not relevant to the risk 

evaluation. Screening decisions were made based on eligibility criteria documented in the form 

of the populations, exposures, comparators, and outcomes (PECO) framework or a modified 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4154568
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121185
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121186
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framework7. Data sources that met the criteria were carried forward to the data evaluation stage. 

The inclusion and exclusion criteria for full text screening for PCE are available in in Appendix 

F of the Problem Formulation of the Risk Evaluation for PCE (U.S. EPA, 2018d). 

 

Although EPA conducted a comprehensive search and screening process as described above, 

EPA made the decision to leverage the literature published in previous assessments8 to identify 

key and supporting data9 and information for developing the PCE risk evaluation. This is 

discussed Strategy for Conducting Literature Searches for Perchloroethylene (PCE) 

Supplemental File to the TSCA Scope Document (U.S. EPA, 2017i). In general, many of the key 

and supporting data sources were identified in the comprehensive Perchloroethylene (CASRN 

127-18-4) Bibliography: Supplemental File for the TSCA Scope Document; (U.S. EPA, 2017d). 

However, there was an instance during the releases and occupational exposure data search for 

which EPA missed relevant references that were not captured in the initial categorization of the 

on-topic references. EPA found additional relevant data and information using backward 

reference searching, which was a technique that will be included in future search strategies. This 

issue is discussed in Section 4 of Application of Systematic Review for TSCA Risk Evaluations 

(U.S. EPA, 2018c). Other relevant key and supporting references were identified through 

targeted supplemental searches to support the analytical approaches and methods in the PCE risk 

evaluation (e.g., to locate specific information for exposure modeling). 

 

EPA used previous chemical assessments to quickly identify relevant key and supporting 

information as a pragmatic approach to expedite the quality evaluation of the data sources, but 

many of those data sources were already captured in the comprehensive literature as explained 

above. EPA also considered newer information not taken into account by previous chemical 

assessments as described in Strategy for Conducting Literature Searches for Perchloroethylene 

(PCE) Supplemental File to the TSCA Scope Document (U.S. EPA, 2017i). EPA then evaluated 

the confidence of the key and supporting data sources as well as newer information instead of 

evaluating the confidence of all the underlying evidence ever published on a chemical 

substanceôs fate and transport, environmental releases, environmental and human exposure and 

hazards. Such comprehensive evaluation of all of the data and information ever published for a 

chemical substance would be extremely labor intensive and could not be achieved under the 

TSCA statutory deadlines for most chemical substances especially those that have a data-rich 

database. Furthermore, EPA considered how evaluation of newer information in addition to the 

key and supporting data and information would change the conclusions presented in previous 

assessments.  

 

 
7 A PESO statement was used during the full text screening of environmental fate and transport data sources. PESO 

stands for Pathways and Processes, Exposure, Setting or Scenario, and Outcomes. A RESO statement was used 

during the full text screening of the engineering and occupational exposure literature. RESO stands for Receptors, 

Exposure, Setting or Scenario, and Outcomes. 
8 Examples of existing assessments are EPAôs chemical assessments (e.g., previous work plan risk assessments, 

Problem Formulation documents), ATSDRôs Toxicological Profiles and EPAôs IRIS assessments. This is described 

in more detail in Strategy for Conducting Literature Searches for PCE (PCE) Supplemental File to the TSCA Scope 

Document (U.S. EPA, 2017i). 
9 Key and supporting data and information are those that support key analyses, arguments, and/or conclusions in the 

risk evaluation. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085618
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121185
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121186
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/application-systematic-review-tsca-risk-evaluations
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4154568
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121185
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121185


 

Page 72 of 714 

 

This pragmatic approach allowed EPA to maximize the scientific and analytical efforts of other 

regulatory and non-regulatory agencies by accepting for the most part the relevant scientific 

knowledge gathered and analyzed by others except for influential information sources that may 

have an impact on the weight of the scientific evidence and ultimately the risk findings. The 

influential information (i.e., key/supporting) came from a smaller pool of sources subject to the 

rigor of the TSCA systematic review process to ensure that the risk evaluation uses the best 

available science and the weight of the scientific evidence.  

 

The figures below depict literature flow diagrams illustrating the results of this process for each 

scientific discipline-specific evidence supporting the risk evaluation (Figure 1-7, Figure 1-8, 

Figure 1-9, Figure 1-10 and Figure 1-11). Each diagram provides the total number of references 

at the start of each systematic review stage (i.e., data search, data screening, data evaluation, data 

extraction/data integration) and those excluded based on criteria guiding the screening and data 

quality evaluation decisions.  

 

EPA made the decision to bypass the data screening step for data sources that were highly 

relevant to the risk evaluation as described above. These data sources are depicted as 

ñkey/supporting data sourcesò in the literature flow diagrams. Note that the number of 

ñkey/supporting data sourcesò were excluded from the total count during the data screening stage 

and added, for the most part, to the data evaluation stage depending on the discipline-specific 

evidence. The exception was the environmental releases and occupational exposure data sources 

that were subject to a combined data extraction and evaluation step (Figure 1-8).  

 

 
Figure 1-7. Literature Flow Diagram for Environmental Fate Information  
Note: Literature search results for the environmental fate and transport of PCE yielded 7,170 studies. During 

Problem Formulation, following data screening, most environmental exposure pathways were removed from the 

conceptual models. As a result, 7,091 studies were deemed off-topic and excluded. The remaining 79 studies related 

to environmental exposure pathways retained in the conceptual models entered data evaluation, where 13 studies 

were deemed unacceptable and 66 moved into data extraction and integration. Note: Data sources identified relevant 

to physical-chemical properties were not included in this literature flow diagram. The data quality evaluation of 

physical-chemical properties studies can be found in the supplemental document, (U.S. EPA, 2020o) and the 

extracted data are presented in Table 1-1.  

https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
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Figure 1-8. Literature Flow Diagram for En vironmental Releases and Occupational 

Exposure 
*The quality of data in these sources (n=169) were acceptable for risk assessment purposes, but they were ultimately 

excluded from further consideration based on EPAôs integration approach for environmental release and occupational 

exposure data/information. EPAôs approach uses a hierarchy of preferences that guide decisions about what types of 

data/information are included for further analysis, synthesis and integration into the environmental release and 

occupational exposure assessments. EPA prefers using data with the highest rated quality among those in the higher 

level of the hierarchy of preferences (i.e., data > modeling > occupational exposure limits or release limits). If 

warranted, EPA may use data/information of lower rated quality as supportive evidence in the environmental release 

and occupational exposure assessments. 

  

Note: Literature search results for environmental release and occupational exposure yielded 7,342 data sources. Of 

these data sources, 293 were determined to be relevant for the risk evaluation through the data screening process. 

These relevant data sources were entered into the data extraction/evaluation phase. After data extraction/evaluation, 

EPA identified several data gaps and performed a supplemental, targeted search to fill these gaps (e.g., to locate 

information needed for exposure modeling). The supplemental search yielded 35 relevant data sources that bypassed 

the data screening step and were evaluated and extracted in accordance with Appendix D: Data Quality Criteria for 

Occupational Exposure and Release Data of the Application of Systematic Review for TSCA Risk Evaluations 

document (U.S. EPA, 2018c). Of the 328 sources from which data were extracted and evaluated, 81 sources only 

contained data that were rated as unacceptable based on serious flaws detected during the evaluation (See the 

Systematic Review Supplemental File: Data Quality Evaluation of Environmental Releases and Occupational 

Exposure for the data evaluation results for each source). Of the 247 sources forwarded for data integration, data from 

78 sources were integrated, and 169 sources contained data that were not integrated (e.g., lower quality data that were 

not utilized due to the existence of higher quality data, data for release media that were removed from scope after data 

collection).  
 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4154568
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Figure 1-9. Literature Flow Diagram for Consumer and Environmental Exposure Data 

Sources 
Note: EPA conducted a literature search to determine relevant data sources for assessing exposures for 

perchloroethylene within the scope of the risk evaluation. This search identified 991 data sources including relevant 

supplemental documents. Of these, 769 were excluded during the screening of the title, abstract, and/or full text and 

222 data sources were recommended for data evaluation across up to five major study types in accordance with 

Appendix E:Data Quality Criteria for Studies on Consumer, General Population and Environmental Exposure of 

the Application of Systematic Review for TSCA Risk Evaluations document (U.S. EPA, 2018b). Following the 

evaluation process, 120 references were forwarded for further extraction and data integration. EPA has not 

developed data quality criteria for all types of exposure information, some of which may be relevant when 

estimating consumer exposures. This is the case for absorption and permeability data and some product-specific data 

such as density and weight fraction often reported in Safety Data Sheets. As appropriate, EPA evaluated and 

summarized these data to determine their utility with supporting the risk evaluation. 

 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
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Figure 1-10. Literature Flow Diagram for Environmental Hazard Data Sources 
Note:  The environmental hazard data sources were identified through literature searches and screening strategies 

using the ECOTOX Standing Operating Procedures. Additional details about the process can be found in the 

Strategy for Conducting Literature Searches for PCE: Supplemental File for the TSCA Scope Document (U.S. EPA, 

2017h). During Problem Formulation, EPA made refinements to the conceptual models resulting in the elimination 

of the terrestrial exposure pathway. Thus, environmental hazard data sources on terrestrial organisms were 

considered out of scope and excluded from data quality evaluation. 

 
The literature search process for environmental hazard data found 3326 citations for PCE. At the title and abstract 

screening phase, 3088 citations were excluded as off-topic using ECOTOXicology knowledgebase criteria. The 

remaining 238 citations underwent a more thorough full text screening using the same criteria to determine which 

citations should undergo data evaluation. For data evaluation, EPA developed data quality evaluation (DQE) criteria 

to evaluate the data under TSCA, based on a combination of EPAôs ECOTOXicology knowledgebase (ECOTOX) 

criteria and the Criteria for Reporting and Evaluating ecotoxicity Data (CRED). There were 46 citations that went to 

data evaluation for PCE. EPA analyzed each of these studies using the DQE results to determine overall study 

quality. Thirty studies were considered acceptable and were rated high, medium, or low quality during this analysis. 

The extracted data from these 30 studies were used during data integration for PCE.  

 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121184
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121184
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Figure 1-11. Literature Flow Diagram for Human Health Hazard Data Sources 
Note: The literature search results for human health hazard of PCE yielded 3859 studies. This included 100 key and 

supporting studies identified from previous EPA assessments. Of the 3759 new studies screened for relevance, 3719 

were excluded as off topic. The remaining 40 new studies together with the 40 key and supporting studies entered 

data evaluation. Thirteen studies were deemed unacceptable based on the evaluation criteria for human health hazard 

data sources and the remaining 103 studies were carried forward to data extraction/data integration. Additional 

details can be found in the PCE Bibliography: Supplemental File for the TSCA Scope Document, (U.S. EPA, 

2017d). 

 Data Evaluation 

During the data evaluation stage, the EPA assesses the quality of the methods and reporting of 

results of the individual studies identified during Problem Formulation using the evaluation 

strategies described in Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 

2018b). The EPA evaluated the quality of the on-topic PCE study reports identified in 

Perchloroethylene (CASRN 127-18-4) Bibliography: Supplemental File for the TSCA Scope 

Document; (U.S. EPA, 2017d), and gave all studies an overall high, medium, low or 

unacceptable confidence rating during data evaluation.  

 

The results of the data quality evaluations for key studies are summarized in Section 2.1 (Fate 

and Transport), Section 2.2 (Releases to the Environment), Section 2.3 (Environmental 

Exposures), Section 2.4 (Human Exposures), Section 3 (Environmental Hazards) and Section 3.2 

(Human Health Hazards). Supplemental files (Appendix B) also provide details of the data 

evaluations including individual metric scores and the overall study score for each data source.  

 Data Integration 

Data integration includes analysis, synthesis and integration of information for the risk 

evaluation. During data integration, the EPA considers quality, consistency, relevancy, 

coherence and biological plausibility to make final conclusions regarding the weight of the 

scientific evidence. As stated in Application of Systematic Review in TSCA Risk Evaluations 

(U.S. EPA, 2018b), data integration involves transparently discussing the significant issues, 

strengths, and limitations as well as the uncertainties of the reasonably available information and 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121186
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121186
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the major points of interpretation (U.S. EPA, 2018f). EPA defines ñreasonably available 

informationò to mean information that EPA possesses, or can reasonably obtain and synthesize 

for use in risk evaluations, considering the deadlines for completing the evaluation (U.S. EPA, 

2017g). 

 

EPA used previous assessments (see Table 1-3) to identify key and supporting information and 

then analyzed and synthesized available evidence regarding PCEôs chemical properties, 

environmental fate and transport properties and its potential for exposure and hazard. EPAôs 

analysis also considered recent data sources that were not considered in the previous assessments 

(1.5.1) as well as reasonably available information on potentially exposed or susceptible 

subpopulations.  

 

The exposures and hazards sections describe EPAôs analysis of the influential information (i.e., 

key and supporting data) that were found acceptable based on the data quality reviews as well as 

discussion of other scientific knowledge using the approach described in Section 1.5.1. The 

exposure section also describes whether aggregate or sentinel exposures to a chemical substance 

were considered under the conditions of use within the scope of the risk evaluation, and the basis 

for that consideration. 
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2 EXPOSURES 

 Fate and Transport 
Environmental fate includes both transport and transformation processes. Environmental 

transport is the movement of the chemical within and between environmental media. 

Transformation occurs 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 environmental 

receptors EPA has considered during risk evaluation.  

 Fate and Transport Approach and Methodology 

EPA gathered and evaluated environmental fate information according to the process described 

in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018b). Table 2-1 

provides environmental fate data and physical chemical properties that EPA considered while 

assessing the fate of PCE, including biotic and abiotic degradation rates, removal during 

wastewater treatment, volatilization from lakes and rivers, and the organic carbon:water partition 

coefficient (log KOC). This data was updated after Problem Formulation with information 

identified through systematic review. Additional study summaries are available in the 

supplemental document, Risk Evaluation for Perchloroethylene, Systematic Review 

Supplemental File: Data Extraction Tables for Environmental Fate and Transport Studies (U.S. 

EPA, 2020h), and complete information on data quality evaluations for all identified fate data are 

available in the supplemental document, Risk Evaluation for Perchloroethylene, Systematic 

Review Supplemental File: Data Quality Evaluation for Environmental Fate and Transport 

Studies (U.S. EPA, 2020j). Environmental fate properties not adequately reported in the literature 

were estimated using Estimation Programs Interface (EPI) SuiteÊ models, as described in 

Appendix C. 

 

Table 2-1. Environmental Fate Characteristics and Select Physical and Chemical 

Properties of PCE 

Property or Endpoint  Value a References Data Quality 

Rating 

Aerobic Biodegradation 86-87% in 28 days (Tabak et al., 1981) High 

74% in batch-fed reactor (Long et al., 1993) High 

0% in continuous-flow system (Bouwer and McCarty, 

1982) 

High 

0% in 175 days (Bouwer et al., 1981) Low 

Loss of PCE in some studies 

may be due to volatilization 

(Namkung and 

Rittmann, 1987; 

Wakeham et al., 1983) 

Medium, 

Medium 

Anaerobic 

Biodegradation 

100% in 37 days (Cabirol et al., 1996) High 

Approx. 38% in 30 days (Wood et al., 1981) High 

44%-68% in 112 days (Bouwer et al., 1981) High 
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Property or Endpoint  Value a References Data Quality 

Rating 

Bioconcentration factor 

(BCF) 

25.8-77.1 (fish) (Kawasaki, 1980) High 

49 (fish) (Barrows et al., 1980) High 

39.7 (fish) (Dow Chem, 1973) High 

312 and 118 (marine algae) (Wang et al., 1996) High 

Bioaccumulation factor 

(BAF)  

46 (estimated)b (ECB, 2005); (U.S. 

EPA, 2012a) 

High 

Organic carbon:water 

partition coefficient 

(log KOC) 

2.4 (U.S. EPA, 2012f) High 

2.95 (estimated by regression 

from log KOW)b 

1.98 (estimated by molecular 

connectivity index method)b 

(U.S. EPA, 2012a) High 

Vapor pressure 18.5 mmHg at 25°C (Riddick et al. (1985)) High 

Vapor density 5.83 (relative to air) (Lewis, 1992) High 

Water solubility 

Octanol:water partition 

coefficient (KOW) 

206 mg/L at 20°C (Horvath (1982)) High 

3.40  (Hansch et al. (1995)) High 

Henryôs Law constant 0.0177 atm-m3/mole at 25°C 

(equivalent to 0.724 

dimensionless) 

(Gossett (1987)) High 

a Measured unless otherwise noted. 
b Information was estimated using EPI SuiteÊ (U.S. EPA, 2012a) 

  Summary of Fate and Transport 

The EPI SuiteÊ model that estimates chemical removal in sewage treatment plants (ñSTPò 

module) was run using default settings to evaluate the potential for PCE to be removed from 

wastewater. The STP module estimates that a total of 88% of PCE in wastewater will be 

removed, 82% by volatilization and 6% by sorption to sludge organic matter. Based on the 

mixed aerobic biodegradation data reported for PCE (ranging from rapid to negligible 

biodegradation in aerobic environments; see Table 2-1) the overall removal of PCE in 

wastewater treatment plants is expected to range from 88% to complete. PCE has moderate 

potential to sorb to sludge organic matter and thus is expected to be present in biosolids 

(processed sludge). Due to its Henryôs Law constant (0.0177 atm-m3/mole) and vapor pressure 

(18.5 mmHg at 25°C) PCE in land-applied biosolids will volatilize from solid and liquid phases 

during and after spraying, although some PCE may partition from biosolids into soil and 

groundwater. 

 

In soil and aquifers, PCE has moderate potential to sorb to soil or sediment organic matter and 

may be transported to ground water. Because it has moderate mobility through soil and sediment, 

PCE may be transported between groundwater and surface water where local hydrologic 
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conditions permit. Anaerobic biodegradation, which is reported to be rapid to very slow 

depending on local conditions and microbial populations (WHO, 2006a; ECB, 2005), may be a 

significant degradation mechanism in soil and groundwater. In anaerobic environments, PCE 

biodegradation products include potentially hazardous substances including trichloroethylene, 

cis-1,2 dichloroethene and vinyl chloride (de Bruin et al., 1992). 

 

Based on its Henryôs Law constant (0.0177 atm-m3/mole) and vapor pressure (18.5 mmHg at 

25°C), PCE can be expected to volatilize from surface water to air and from soil to air. The EPI 

SuiteÊ model that predicts volatilization for surface water (ñVolatilizationò module) estimated 

the PCE volatilization half-life from a model river to be 1.4 hours, and the volatilization half-life 

from a model lake to be 123 hours (5.1 days). In the vapor phase, PCE can be slowly 

transformed by reaction with hydroxyl and other radicals with half-lives of months or greater, 

and long-range transport may occur. In the atmosphere, PCE is expected to slowly degrade via 

indirect photolysis (half-life Ó 80 days). Given its slow photodegradation, PCE is expected to 

undergo long-range atmospheric transport.  

 

With measured bioconcentration factors of 312 or lower and estimated bioaccumulation factor of 

46, PCE has limited bioaccumulation potential.  

 

Overall, PCE may be persistent or very persistent in the environment. It has moderate potential 

to accumulate in wastewater biosolids, soil, and sediment, and has low potential to 

bioaccumulate. In the environment, PCE is expected to largely volatilize to the atmosphere 

where it may undergo long-range transport and slowly degrade via indirect photolysis. The fate 

of PCE in the environment is summarized in Figure 2-1. 

 

 
Figure 2-1. Diagram demonstrating the transport, partitioning , and degradation of PCE in 

the environment 

 

In Figure 2-1, transport and partitioning are indicated by green arrows and degradation is 

indicated by orange arrows. The width of the arrow is a qualitative indication of the likelihood 

that the indicated partitioning will occur or the rate at which the indicated degradation will occur 

(i.e., wider arrows indicate more likely partitioning or more rapid degradation). Because 

transport and partitioning processes (green arrows) can occur in both directions across an 

interface, the transport and partitioning pathways are illustrated with arrows pointing in both 
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directions.  For interfaces where one direction of transport and partitioning is expected to prevail 

based on release rates and partition coefficients, the primary direction of transport is indicated by 

a wider arrow. However, the direction of transport in a given locality depends on the site-specific 

properties of environmental media, weather conditions, PCE release rates, degradation and 

transformation rates, and PCE concentrations within environmental compartments. Question 

marks over arrows indicate uncertainty regarding how quickly PCE will transport or degrade 

because they rely on processes which vary greatly based on local conditions. Figure 2-1 

considers only transport, partitioning, and degradation within and among environmental media; 

sources to the environment such as discharge and disposal are not illustrated.   

 Key Sources of Uncertainty in Fate and Transport Assessment 

The experimentally determined PCE biodegradation rates in aerobic and anaerobic environments 

ranged from slow to rapid (see Table 2-1). For comparison, the EPI SuiteÊ module that predicts 

biodegradation rates (ñBIOWINò module) was run using default settings to estimate 

biodegradation rates of PCE. The BIOWIN models for aerobic environments (BIOWIN 1-6) 

estimate that PCE will not rapidly biodegrade in aerobic environments. The BIOWIN model of 

anaerobic biodegradation (BIOWIN 7) predicts that PCE will biodegrade under anaerobic 

conditions. Overall, PCE biodegradation rates in the environment may vary based on factors 

including level of oxygenation, microorganisms present, and microorganismsô previous exposure 

and adaptation to PCE. This uncertainty in biodegradation rates was considered in the assessment 

of persistence in aerobic and anaerobic environments and estimates of removal from wastewater. 

The full range of reported biodegradation rates was used in qualitative assessments (e.g., 

sediment assessment, Section 4.1.3). The most conservative ends of the data distributions (i.e., 

longer half-lives) were used in quantitative assessments, including estimated removal in 

wastewater treatment (Section 2.3.1.1.3).  

 

Although PCE has limited potential to bioconcentrate, some bioconcentration has been observed 

in algae (measured BCF values < 320). This implies the potential for trophic transfer and, if the 

predator species does not efficiently metabolize PCE, trophic magnification. However, 

systematic review of fate information on PCE did not yield measured data on PCE trophic 

transfer or trophic magnification. 

 Releases to the Environment 

 Environmental Discharges of Wastewater 

EPA categorized the conditions of use (COUs) listed in Table 1-4 into 22 Occupational Exposure 

Scenarios (OES). For each OES, a daily wastewater discharge was estimated based on annual 

releases, release days, and the number of facilities (Figure 2-2). In this section, EPA describes its 

approach and methodology for estimating daily wastewater discharges, and for each OES, 

provides a summary of release days, number of facilities, and daily wastewater discharges. For 

detailed facility level results, see the ñWater Release Assessmentò section for each OES in the 

supplemental information file Environmental Releases and Occupational Exposure Assessment 

(U.S. EPA, 2020d). 

 

https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
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Figure 2-2. An overview of EPAôs Approach to Estimate Daily Wastewater Discharges10. 

 Results for Daily Wastewater Discharge Estimates 

EPA combined its estimates for annual releases, release days, and number of facilities to estimate 

a range for daily wastewater discharges for each OES. A summary of these ranges across 

facilities is presented in Table 2-2 Results in the table are for total annual releases from a facility 

and may include discharges from multiple outfalls at the same facility. The basis for the overall 

confidence levels referenced in the tables are described in Table 2-7 in Section 2.2.1.3. Surface 

water discharges reported in DMR are based on required monitoring as part of a facilityôs 

National Pollutant Discharge Elimination System (NPDES) permit. For some OES, EPA was not 

able to estimate or did not expect water releases. For example: 

 

¶ OES Aerosol Degreasing and Aerosol Lubricants:  Wastewater discharges containing 

PCE were not expected due to its volatility; releases from this OES are expected to be to 

air. 

¶ OES Wipe Cleaning and Metal/Stone Polishes:  Wastewater discharges containing 

PCE were not expected due to its volatility and the nature of the wipe cleaning and 

polishing process; releases from this OES are expected to be to air (volatilization) or with 

shop rags to landfill/incineration. 

¶ OES Other Spot Cleaning/Spot Removers (Including Carpet Cleaning): EPA did not 

identify data to estimate wastewater discharges for this OES. 

¶ OES Laboratory Chemicals: EPA did not identify data to estimate wastewater 

discharges for this OES.

 
10 TRI = Toxics Release Inventory; DMR = Discharge Monitoring Report; NEI = National Emissions Inventory; 

CDR = Chemical Data Reporting; EG = Effluent Guidelines; ESD = Emission Scenario Document; GS = Generic 

Scenarios; SpERC = Specific Environmental Release Category 

OES
Daily Release 

Estimate

Annual
Releases

TRI, DMR, EG, 
Models, ESD/GS

Release
Days

ESD/GS, NEI, 
SpERC, 

Assumptions

Number of 
Facilities

TRI, CDR, DMR, 
NEI, ESD, Census, 
Market Reports
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Table 2-2. Summary of EPAôs Daily Wastewater Discharge Estimates for Each OES 

Occupational 

Exposure 

Scenario 

(OES) 

Release 

Media/ 

Treatment 

Facility 

Typea 

Number of 

Sites with 

Wastewater 

Dischargesb 

Estimated Daily Release Range 

Across Sites 

(kg/site-day)c 
Overall 

Confidence 

Corresponding 

Section in the 

Supplemental 

Engineering Report 

(U.S. EPA, 2019a) 
Minimum d Maximum 

Manufacturing 

Surface Water 1 1.7E-03 M 

Section 2.1.4 

Non-POTW 

WWT 
1 4.1E-02 M 

Surface Water 

or POTWe 
4 8.9E-05 0.2 M 

Repackaging 

Surface Water 3 9.1E-05 4.8E-03 M 

Section 2.2.4 Non-POTW 

WWT 
1 1.1 M 

Processing as a 

Reactant 

Surface Water 18 1.2E-05 1.3 M 
Section 2.3.4 

POTW 1 0.1 M 

Incorporation 

into Formulation, 

Mixture, or 

Reaction Product 

Surface Water 1 1.7E-03 M 

Section 2.4.4 POTW 1 1.5E-03 M 

Non-POTW 

WWT 
1 5.3 M 

Batch Open-Top 

Vapor 

Degreasingf 

Surface Water 16 9.0E-07 7.1E-02 M 
Section 2.5.4 

POTW 1 3.5E-04 M 

POTW or non-

POTW WWT 
275-4,819 1.6E-3 1.6E-2 M Section 2.5.4 

Batch Closed-

Loop Vapor 

Degreasing 

POTW or non-

POTW WWT 
13,789-25,423 1.6E-3 1.6E-2 M Section 2.6.4 

Conveyorized 

Vapor 

Degreasing 

POTW or non-

POTW WWT 
272-445 1.6E-3 1.6E-2 M Section 2.7.4 

Web Vapor 

Degreasing 

POTW or non-

POTW WWT 
272-445 1.6E-3 1.6E-2 M Section 2.8.4 

Cold Cleaning Included with release estimates for Batch Open Top Vapor Degreasingf. Section 2.9.4 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6291683
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Occupational 

Exposure 

Scenario 

(OES) 

Release 

Media/ 

Treatment 

Facility 

Typea 

Number of 

Sites with 

Wastewater 

Dischargesb 

Estimated Daily Release Range 

Across Sites 

(kg/site-day)c 
Overall 

Confidence 

Corresponding 

Section in the 

Supplemental 

Engineering Report 

(U.S. EPA, 2019a) 
Minimum d Maximum 

Aerosol 

Degreasing and 

Aerosol 

Lubricants 

EPA does not expect wastewater discharges containing PCE from these 

sites. 
H Section 2.10.4 

Dry Cleaning and 

Spot Cleaning 

(commercial) 

POTW 12,822 5.6E-04 1.7E-03 M Section 2.11.4 

Dry Cleaning and 

Spot Cleaning 

(industrial) 

Surface Water 2 4.5E-05 2.1E-04 M Section 2.11.4 

Adhesives, 

Sealants, Paints, 

and Coatings 

POTW Unknown 0.4 1.8 L Section 2.12.4 

Maskant For 

Chemical Milling 

Surface Water 3 5.9E-06 8.6E-04 M 
Section 2.13.4 

POTW 2 2.6E-03 1.1E-02 M 

Industrial 

Processing Aid 

Surface Water 12 3.0E-04 8.6E-02 M 
Section 2.14.4 

POTW 2g 8.8E-02 0.4 M 

Metalworking 

Fluids 
Included with release estimates for Batch Open Top Vapor Degreasingf. Section 2.15.4 

Wipe Cleaning 

and Metal/Stone 

Polishes 

EPA does not expect wastewater discharges containing PCE from these 

sites. 
H Section 2.16.4 

Other Spot 

Cleaning/Spot 

Removers 

(Including Carpet 

Cleaning) 

EPA did not identify data to estimate wastewater discharges for this OES. Section 2.17.4 

Other Industrial 

Uses 
Surface Water 7 1.1E-06 0.3 M Section 2.18.4 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6291683
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Occupational 

Exposure 

Scenario 

(OES) 

Release 

Media/ 

Treatment 

Facility 

Typea 

Number of 

Sites with 

Wastewater 

Dischargesb 

Estimated Daily Release Range 

Across Sites 

(kg/site-day)c 
Overall 

Confidence 

Corresponding 

Section in the 

Supplemental 

Engineering Report 

(U.S. EPA, 2019a) 
Minimum d Maximum 

Other 

Commercial Uses 
Surface Water 7 1.3E-05 2.9E-03 M Section 2.19.4 

Laboratory 

Chemicals 
EPA did not identify data to estimate wastewater discharges for this OES. Section 2.20.4 

Waste Handling, 

Disposal, 

Treatment, and 

Recycling 

Surface Water 5 5.9E-05 3.8E-03 M 

Section 2.21.4 
POTW 4 3.6E-07 0.3 M 

Non-POTW 

WWT 
4 5.4E-03 1.4 M 

a The daily discharge estimates presented in this table represent both direct discharges to surface water and indirect discharges to POTW and non-POTW WWT. 

Removal efficiencies at POTWs and non-POTW WWT are taking into account in the environmental exposure assessment. 
b For most conditions of use, only a subset of the facilities are expected to discharge wastewater containing PCE. Other sites may dispose of PCE-containing 

wastes through other means such as via landfill or incineration. 
c Except for commercial dry cleaning estimates; the minimum and maximum daily discharge estimates are based on site-specific discharges (i.e., the minimum 

corresponds to the site with the lowest discharge and the maximum corresponds to the site with the highest discharge). Minimum daily discharge at any given site 

may be higher than the minimum presented, and the maximum daily discharge may be lower than the value presented. 
d The minimum presented represents the minimum of the sites that have wastewater discharges, it does not include sites that dispose of PCE through other media 

which would result in a minimum of zero for most OES. 
e Discharges from these sites may be to either surface water or POTW but not both for a given site. 
f EPA does not have enough information to distinguish whether sites from TRI and DMR use PCE in OTVDs, closed-loop degreasers, conveyorized degreasers, 

web degreasers, cold cleaners, or metalworking fluids. Therefore, the daily release estimates may include sites that perform any of these activities. 
g These two sites reported both direct and indirect discharges.

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6291683
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 Approach and Methodology 

 Wastewater Discharge Estimates 

EPA performed a literature search to identify process operations that could potentially result in 

direct or indirect discharges to water for each condition of use. Where available, EPA used 2016 

Toxics Release Inventory (TRI) (U.S. EPA, 2017j) and 2016 Discharge Monitoring Report 

(DMR) (U.S. EPA, 2016a) data to provide a basis for estimating releases. Facilities are only 

required to report to TRI if the facility has 10 or more full-time employees, is included in an 

applicable NAICS code, and manufactures, processes, or uses the chemical in quantities greater 

than a certain threshold within a calendar year (25,000 pounds per year for manufacturers and 

processors of PCE and 10,000 pounds per year for users of PCE). Due to these limitations, some 

sites that manufacture, process, or use PCE may not report to TRI and are therefore not included 

in these datasets.  

 

For the 2016 DMR, EPA used the Water Pollutant Loading Tool within EPAôs Enforcement and 

Compliance History Online (ECHO) to query all PCE point source water discharges in 2016. 

DMR data are submitted by National Pollutant Discharge Elimination System (NPDES) permit 

holders to states or directly to the EPA according to the monitoring requirements of the facilityôs 

permit. States are only required to load major discharger data into DMR and may or may not 

load minor discharger data. The definition of major vs. minor discharger is set by each state and 

could be based on discharge volume or facility size. Due to these limitations, some sites that 

discharge PCE may not be included in the DMR dataset. 

 

Facilities reporting discharges in TRI and DMR also report associated NAICS and Standard 

Industrial Classification (SIC) industry codes, respectively. Where possible, EPA reviewed the 

NAICS and SIC descriptions for each reported discharge and mapped each facility to a potential 

condition of use associated with occupational exposure scenarios (OES, see Table 2-14). For 

facilities that did not report a NAICS or SIC code, EPA performed a supplemental internet 

search of the specific facility to determine the mapping. Facilities that could not be mapped were 

grouped together into an ñOtherò category. 

 

EPAôs preference was to use TRI or DMR data to assess wastewater discharges; however, due to 

the reporting requirements for each dataset (described above in this section), these data may not 

be available for all conditions of use or for all sites within a condition of use. In such cases, EPA 

estimated wastewater discharges using release data from literature, relevant emission scenario 

documents (ESD) or generic scenarios (GS), existing EPA/OPPT models, and/or relevant 

Effluent Guidelines (EG). EG are national regulatory standards set forth by EPA for wastewater 

discharges to surface water and municipal sewage treatment plants. 

 

When possible for each OES covering conditions of use, EPA estimated annual releases, average 

daily releases, and number of release days/yr. Where TRI and/or DMR were available, EPA used 

the reported annual releases for each site and estimated the daily release by averaging the annual 

release over the estimated release days/yr. Where ESDs, GSs, existing models, or EGs were used 

EPA estimated a daily release and calculated the annual release by multiplying the daily release 

by the number of release days per year. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5041148
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176443
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 Estimates of Number of Facilities 

Where available, EPA used 2016 CDR (U.S. EPA, 2016d), 2016 TRI (U.S. EPA, 2017j), 2016 

Discharge Monitoring Report (DMR) (U.S. EPA, 2016a) and 2014 National Emissions Inventory 

(NEI) (U.S. EPA, 2018a) data to provide a basis to estimate the number of sites using PCE 

within a condition of use. Generally, information for reporting sites in CDR and NEI was 

sufficient to accurately characterize each reporting sites condition of use. However, information 

for determining the condition of use for reporting sites in TRI and DMR is typically more 

limited.  

 

In TRI, sites submitting a Form R indicate whether they perform a variety of activities related to 

the chemical including, but not limited to: produce the chemical; import the chemical; use the 

chemical as a reactant; use the chemical as a chemical processing aid; and ancillary or other use. 

In TRI, sites submitting Form A are not required to designate an activity. For both Form R and 

Form A, TRI sites are also required to report the primary North American Industry Classification 

System (NAICS) code for their site. For each TRI site, EPA used the reported primary NAICS 

code and activity indicators to determine the condition of use at the site. For instances where 

EPA could not definitively determine the condition of use because: 1) the reported NAICS codes 

could include multiple conditions of use; 2) the site reported multiple activities; and/or 3) the site 

did not report activities due to submitting a Form A, EPA had to make an assumption on the 

condition of use to avoid double counting the site. For these sites, EPA supplemented the NAICS 

code and activity information with the following information to determine a ñmost likelyò or 

ñprimaryò condition of use:  

¶ Information on known uses of the chemical and market data identifying the most 

prevalent conditions of use of the chemical. 

¶ Information obtained from public comments and/or industry meetings with EPA that 

provided specific information on the site. 

 

In DMR, the only information reported on condition of use is each siteôs Standard Industrial 

Classification (SIC) code. EPA could not determine each reporting siteôs condition of use based 

on SIC code alone; therefore, EPA supplemented the SIC code information with the same 

supplementary information used for the TRI sites (market data, public comments, and industry 

meetings). 

 

Where the number of sites could not be determined using CDR/TRI/DMR/NEI or where 

CDR/TRI/DMR/NEI data were determined to not capture the entirety of sites within a condition 

of use, EPA supplemented the available data with U.S. economic data using the following 

method: 

1. Identify the NAICS codes for the industry sectors associated with these uses. 

2. Estimate total number of sites using the U.S. Censusô Statistics of US Businesses (SUSB) 

(SUSB Data) data on total establishments by 6-digit NAICS. 

3. Use market penetration data to estimate the percentage of establishments likely to be 

using PCE instead of other chemicals. 

4. Combine the data generated in Steps 1 through 3 to produce an estimate of the number of 

sites using PCE in each 6-digit NAICS code, and sum across all applicable NAICS codes 

for the condition of use to arrive at a total estimate of the number of sites within the 

condition of use. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5041148
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176443
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4440637
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Table 2-3 summarizes the number of facilities estimates for each OES. Based on reasonably 

available data, EPA does not expect all sites within a condition of use will have wastewater 

discharges containing PCE; therefore, the number of facilities estimates in Table 2-3 may be 

greater than the number of sites presented in release summary in Table 2-2.  

 

Table 2-3. Summary of EPAôs Estimates for the Number of Facilities for Each OES 

Occupational Exposure 

Scenario (OES) 

Number of 

Facilities 
Notes 

Manufacturing 8 Based on CDR reporting 

Repackaging 51 Based on TRI and DMR reporting 

Processing as a Reactant 117 Based on TRI and DMR reporting 

Incorporation into 

Formulation, Mixture, or 

Reaction Product 

39 Based on TRI and DMR reporting 

Batch Open-Top Vapor 

Degreasing 
398 to 4,942 

2017 Draft ESD on the Use of Vapor Degreasers 

(OECD, 2017a) 

Batch Closed-Loop Vapor 

Degreasing 

13,912 to 

25,546 

2017 Draft ESD on the Use of Vapor Degreasers 

(OECD, 2017a) 

Conveyorized Vapor 

Degreasing 
395 to 568 

2017 Draft ESD on the Use of Vapor Degreasers 

(OECD, 2017a) 

Web Degreasing 395 to 568 
2017 Draft ESD on the Use of Vapor Degreasers 

(OECD, 2017a) 

Cold Cleaning 17 Based on NEI reporting 

Aerosol Degreasing and 

Aerosol Lubricants 
75,938 

Based on Census data and a market penetration of 

29.6% based on California Air Resources Board 

(CARB) survey of automotive maintenance and 

repair facilities 

Dry Cleaning and Spot 

Cleaning 

12,822 

(commercial) 

12 (industrial) 

Commercial estimate based on Census data and a 

market penetration of 60% based on information 

from the Dry Cleaning and Laundry Institute and the 

National Cleaners Association 

Industrial estimate based on U.S. EPA (2006c) 

economics report 

Adhesives, Sealants, Paints, 

and Coatings 
60 Based on NEI reporting 

Maskant for Chemical Milling 71 
Based on stakeholder information from AC Products 

(2017) 

Industrial Processing Aid 98 Based on TRI and DMR reporting 

Metalworking Fluids - 
No information identified to estimate number of 

facilities 

Wipe Cleaning and 

Metal/Stone Polishes 
- 

No information identified to estimate number of 

facilities 

Other Spot Cleaning/Spot 

Removers (Including Carpet 

Cleaning) 

- 
No information identified to estimate number of 

facilities 

Other Industrial Uses 130 Based on TRI and DMR reporting 

Other Commercial Uses - 
No information identified to estimate number of 

facilities 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176391
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Occupational Exposure 

Scenario (OES) 

Number of 

Facilities 
Notes 

Laboratory Chemicals - 
No information identified to estimate number of 

facilities 

Waste Handling, Disposal, 

Treatment, and Recycling 
94 Based on TRI and DMR reporting 

 Estimates of Release Days 

EPA referenced ESDs, NEI data, SpERCs, or needed to make assumptions when estimating 

release days for each OES. A summary along with a brief explanation is presented in Table 2-4 

below. 

 

Table 2-4. Summary of EPAôs Estimates for Release Days for Each OES 

Occupational 

Exposure Scenario 

(OES) 

Release 

Days 
Notes 

Manufacturing 350 
Assumes operation seven days/week and 50 weeks/yr with 

two weeks down for shutdown activities 

Repackaging 250 Assumed 5 days per week and 50 weeks per year 

Processing as a 

Reactant 
350 

Assumes operation seven days/week and 50 weeks/yr with 

two weeks down for shutdown activities 

Incorporation into 

Formulation, Mixture, 

or Reaction Product 

300 
SpERC for the formulation and (re)packing of substances 

and mixtures (European Solvents Industry, 2019) 

Batch Open-Top Vapor 

Degreasing 
260 

2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

Batch Closed-Loop 

Vapor Degreasing 
260 

2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

Conveyorized Vapor 

Degreasing 
260 

2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

Web Degreasing 260 
2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

Cold Cleaning 260 
2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

Aerosol Degreasing and 

Aerosol Lubricants 

- Wastewater discharges not expected from this OES 

Dry Cleaning and Spot 

Cleaning 

250 to 312 

 

Assumes facilities may operate five days/week and 50 

weeks/yr at the low-end up to six days/week and 52 

weeks/yr at the high-end 

Adhesives, Sealants, 

Paints, and Coatings 
250 Assumed 5 days per week and 50 weeks per year 

Maskant for Chemical 

Milling  
172 to 208 Based on NEI reporting 

Industrial Processing 

Aid 
300 

SpERC for the manufacture of a substance (which includes 

use as a process chemical or extraction agent) (European 

Solvents Industry, 2012) 

Metalworking Fluids 260 
2017 Draft ESD on the Use of Vapor Degreasers (OECD, 

2017a) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099133
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178611
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178611
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
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Occupational 

Exposure Scenario 

(OES) 

Release 

Days 
Notes 

Wipe Cleaning and 

Metal/Stone Polishes 

- 
Wastewater discharges not expected from this OES 

Other Spot 

Cleaning/Spot 

Removers (Including 

Carpet Cleaning) 

- 
No information identified to estimate wastewater discharges 

from this OES 

Other Industrial Uses 250 Assumed 5 days per week and 50 weeks per year 

Other Commercial Uses 250 Assumed 5 days per week and 50 weeks per year 

Laboratory Chemicals - 
No information identified to estimate wastewater discharges 

from this OES 

Waste Handling, 

Disposal, Treatment, 

and Recycling 

250 Assumed 5 days per week and 50 weeks per year 

 Assumptions, Key Sources of Uncertainty, and Overall 

Confidence for Environmental Releases 

 Release Trends 

A key source of uncertainty in the assessment of environmental releases is the use of reporting 

year 2016 data from TRI and DMR and whether such data is a representative ñsnapshotò of 

releases from other years. To determine if 2016 data was representative of a typical reporting 

year, specifically with respect to reports of indirect and direct wastewater discharges, EPA used 

linear regression analyses and the interquartile rule for outliers on data from both reporting 

programs for reporting years 2012 to 2018. 2012 was chosen as the first year in the analysis as it 

corresponds to the earliest year production volume data was available in the 2016 Chemical Data 

Reporting (CDR) (the latest CDR reporting cycle). 2018 was selected as the final year in the 

analysis as it was the latest reporting year available for TRI at the time the analysis was initiated 

(DMR data was available through 2019). 

 

Linear Regression Analysis 

The linear regression analysis determines if there is significant evidence that changes in the data 

are increasing or decreasing from year-to-year. To perform this analysis, EPA used the Microsoft 

Excel Analysis Toolpak. This tool calculated both p-values and coefficients of determination 

(R2) to help evaluate the presence of any linear trends in the data from year to year. In linear 

regression analyses, the p-value is the probability of finding an observed value of a particular 

statistic when the null hypothesis (i.e., there is no trend between releases in year 1, year 2, etc.) is 

true. Simply, p-values range from zero to one with lower p-values indicating the null hypothesis 

is false (i.e., there is a linear trend between years) and higher p-values indicating the null 

hypothesis is true. EPA used the standard p-value of 0.05 as the cutoff for determining statistical 

significance (i.e., p-values<0.05 indicate a statistical trend, and p-values Ó0.05 indicate no 

statistical trend). 

 

R2 measures how well the independent variable (the year in this analysis) explains the change in 

the dependent variable (the release in this analysis). R2 values range from zero to one with values 

closer to zero meaning the independent variable poorly predicts the dependent variable and 
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values closer to one meaning the independent variable does predict the dependent variable well. 

Unlike the p-value, there is no standard cutoff value for R2 used in statistics to determine if the 

trend is a ñgood fit.ò Rather, R2 values are discussed qualitatively to provide context to the 

trends. 

 

Interquartile Rule for Outliers 

The interquartile range (IQR) is the difference between the third quartile (i.e., 75th percentile) 

and first quartile (i.e., 25th percentile) of a dataset. The interquartile rule for outliers states that if 

the distance between a data point and the first or third quartile is greater than 1.5 times the IQR, 

the data point is an outlier (i.e., values <25th percentile -1.5IQR or values >75th percentile + 

1.5IQR). EPA used this logic to determine if any year in the TRI or DMR data were outliers. 

 

Trends in TRI 

Figure 2-3 shows the PCE TRI data for total production related wastes reported in TRI from 

2012 to 2018 divided into the following categories: recycling (includes both on- and off-site 

recycling), energy recovery, treatment, and releases. Figure 2-4 shows PCE releases reported in 

TRI divided into air emissions, surface water discharges, land disposal, and ñotherò (note: these 

values include one-time non-production related releases). Figure 2-5 shows the PCE TRI data for 

direct discharges to surface water and indirect discharges to POTW and non-POTW wastewater 

treatment (WWT). 

 

Linear regression analyses did not find any statistically significant trends in total reported 

releases, indirect discharges to POTW, indirect discharges to non-POTW WWT, or direct 

discharges to surface water in TRI. The p-value and R2 values from each regression analysis are 

provided in Table 2-5. 

 

EPA did not identify any outlier years for total releases or indirect discharges to non-POTW 

WWT; however, 2014 was an outlier for both surface water discharges and indirect discharges to 

POTW. The surface water outlier can be attributed to a single site that reported 17,640 lbs of 

PCE discharged to surface water, which was the only on-site surface water discharge of PCE 

reported by the site for any year since 2012 with most or all of the release being attributed to a 

one-time non-production related release. Similarly, the POTW outlier can be attributed to a 

single site that reported 2,632 lb discharged to POTWs in 2014 which was the only transfer to 

POTW reported by the site since 2012 except 5 lbs reported in 2013. 

 

Due to the lack of a trend from year-to-year, it is difficult to say whether 2016 is a typical year 

since a ñtypicalò year cannot be statistically defined. However, the analyses performed by EPA 

did not provide any rationale to indicate that data from 2016 were not a representative snapshot 

of PCE wastewater discharges in TRI. The total releases for 2016 were the lowest of the years 

analyzed but the wastewater discharges were within the range of expected values for the years 

analyzed. 
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Figure 2-3. Total Production Related Waste Reported in TRI 

 

 
Figure 2-4. Total Releases Reported in TRI11 

 

 
11 These release quantities include releases due to one-time events not associated with production such as remedial 

actions or earthquakes 
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Figure 2-5. Total Wastewater Discharges Reported in TRI 

 

Table 2-5. Results from Linear Regression Analysis of TRI Data 

Data p-Value R2 

Total Releases 0.513 0.090 

Indirect Discharges to POTW 0.715 0.029 

Indirect Discharges to non- POTW WWT 0.554 0.074 

Direct Discharges to Surface Water 0.663 0.041 

 

Trends in DMR 

Figure 2-6 shows the PCE DMR data for surface water discharges. Discharges were divided 

among discharges from POTW (including federal facilities), industrial and commercial sites, and 

remediation sites. DMR includes specific designations for POTWs and federal facilities; 

therefore, discharges from these sites were readily obtainable from the database. However, all 

other discharges are categorized into ñnon-POTWò, which may include discharges from 

industrial and commercial sites as well as sites performing remediation activities. Since 

remediation activities are not in scope of the risk evaluation, EPA attempted to separate out these 

sites using the following logic: 

¶ Any site determined to be a remediation site in the 2016 DMR was assumed to be a 

remediation site any year it reported to DMR. These sites were identified during a 

detailed analysis to determine the condition of use for each site in the 2016 DMR for use 

in the risk evaluation and included reviewing reported SIC codes and facility names and 

websites. EPA leveraged this information to determine remediation sites in other 

reporting years. 
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¶ Any facility name that contained the following terms was marked as a remediation site: 

ñgroundwaterò, ñGW treatmentò, ñremediationò, ñsuperfundò, ñformerò, ñrestorationò, 

ñwellò, ñGWCUò, ñreclamation.ò 

¶ Any site that reported the following SIC codes were marked as remediation: 1794ï

Excavation Work and 4959ïSanitary Services, Not Elsewhere Classified. 

 

Figure 2-7 shows the same data; however, on a different scale (Figure 2-7 is a ñzoom-inò of 

Figure 2-6 cut-off at 10,000 lbs for discharges). Due to the large difference between 2014 and 

other reporting years, it is difficult to compare reporting years using only Figure 2-6. Therefore, 

EPA presented both figures to better illustrate the data.  

 

Similar to the TRI analysis, the linear regression analyses did not find any statistically significant 

trends in total reported discharges, or discharges from industrial and commercial sites in DMR. 

The p-value and R2 values from each regression analysis are provided in Table 2-6. 

 

EPA did not identify any outlier years for discharges from industrial and commercial sites; 

however, similar to TRI, 2014 was an outlier for total reported discharges in DMR. This outlier 

year can be attributed to a single remediation site that reported 608,310 lbs of PCE discharged to 

surface water in 2014 but did not report more than 3,005 lbs for any other year since 2012. 

 

Due to the lack of a trend from year-to-year it is difficult to say whether 2016 is typical year 

since a ñtypicalò year cannot be statistically defined. However, the analyses performed by EPA 

did not provide any rationale to indicate that data from 2016 were not a representative snapshot 

of PCE surface water discharges in DMR. The total discharges for 2016 were within the range of 

expected values for the years analyzed. 
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Figure 2-6. Total Annual Direct Discharges Reported in DMR 

 

 
 

Figure 2-7. Zoom-in of Total Annual Direct Discharges Reported in DMR 

 

 

*Discharges from remediation sites in 2014 exceed the maximum value presented on the scale of this figure. 
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Table 2-6. Results from Linear Regression Analysis of DMR Data 

Data p-Value R2 

Direct Discharges from All Sites 0.662 0.041 

Direct Discharges from Industrial and 

Commercial Sites 
0.764 0.020 

 

Effect on Overall Confidence in the Environmental Release Assessment 

Although no statistical trends were identified in the release data, the trend analysis also did not 

provide any information to indicate that 2016 data were not a reasonable representation of 

wastewater discharges from 2012-2018. Therefore, this analysis improves EPAôs overall 

confidence in the wastewater discharge assessment and the use of 2016 data for evaluating risks 

from wastewater discharges. 

 OES-Specific Assumptions, Uncertainties, and Overall Confidence for the 

Environmental Release Assessment 

Table 2-7 provides a summary of the assumptions, key sources of uncertainty, and EPAôs overall 

confidence in its release estimates for each of the OES assessed. 

 

Table 2-7. Summary of Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates by OES 

Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

Manufacturing 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI for four sites. TRI data were determined to 

have a ñmediumò data quality rating through EPAôs systematic review 

process. Specifically, the data were scored high for representativeness of 

geographic scope, applicability, and temporal representativeness but scored 

low for methodology, accessibility/clarity, and variability/uncertainty 

resulting in an overall quality of ñmedium.ò The ñlowò scores are a result of 

the information available in each data source. For example, neither TRI nor 

DMR include: data on how each reporter estimated their releases 

(methodology); metadata (e.g., release frequency, process/unit operation that 

is the source of the release) other than the media of release 

(accessibility/clarity); or address variability/uncertainty in the reported 

estimates. 

Uncertainties in the Daily Discharge Estimates: EPA assumed 350 days/yr 

of operation (7 days/week, 50 weeks/yr with two weeks for turnaround) and 

averaged the annual discharges over the operating days. There is some 

uncertainty that all sites manufacturing PCE will operate for this duration as 

some sites may operate less than 7 days/wk or may have turnarounds greater 

than or less than the assumed 2 weeks/yr. Therefore, the average daily 

discharges may be higher if sites operate for fewer than 350 days/yr or lower 

if they operate for greater than 350 days/yr. Furthermore, PCE 

concentrations in wastewater discharges at each site may vary from day-to-

day due to changes in process conditions (e.g., total wastewater flow) such 
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that on any given day the actual daily discharges may be higher or lower 

than the estimated average daily discharge. 

Strengths in Discharges Assessed Using Effluent Guidelines: The 

discharges estimated using the EG are within an order of magnitude of the 

discharges reported by sites in TRI. The exception to this is the Solvents & 

Chemicals site which had a much lower production volume than the 

averaged assessed at all other sites. 

Uncertainties in Discharges Assessed Using Effluent Guidelines: 

Water discharges from the remaining four sites were estimated using the 

maximum daily and monthly discharge limits in the OCPSF (Organic 

Chemicals, Plastics and Synthetic Fibers) EG and the estimated volume of 

wastewater produced per pound of PCE production from the SpERC 

developed by the European Solvent Industry Group for the manufacture of a 

substance. The estimates assume the sites operate at the limits set by the EG; 

actual releases may be lower for sites operating below the limits or higher 

for sites not in compliance with the OCPSF EG. Furthermore, the 

production volumes used to estimate discharges for two of the four sites are 

based on the average production volume. Each site may manufacture 

volumes greater than or less than the average resulting in higher or lower 

discharge volumes, respectively. 

Uncertainties in the Number of Sites Estimate: Information to determine 

the activity at two of the assessed sites as manufacture or import was not 

publicly available. It is possible these two sites are importers and not 

manufacturers; thus, eliminating the wastewater discharges from 

manufacturing at these sites (note: the sites may have other wastewater 

discharges of PCE depending on the conditions of use at the site). 

Overall Confidence Rating: Based on the data quality score and the 

uncertainties in the daily discharge estimates, EPA has a medium confidence 

in the wastewater discharge estimates for the four sites in the 2016 TRI. 

Based on the uncertainties in using effluent guidelines and the number of 

sites, EPA has a medium confidence in the wastewater discharge estimates 

for the four sites assessed using the OCPSF EG. 

Repackaging 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 
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It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are performing repackaging activities rather than a different 

condition of use. If the sites were categorized under a different OES, the 

annual wastewater discharges for each site would remain unchanged; 

however, average daily discharges may change depending on the number of 

operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 250 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites repackaging PCE 

will repackage PCE for this duration as some sites may not repackage PCE 

every day while others may operate more than 5 days/week and 50 

weeks/yr. Therefore, the average daily discharges may be higher if sites 

repackage for fewer than 250 days/yr or lower if they repackage for greater 

than 250 days/yr. Furthermore, PCE concentrations in wastewater 

discharges at each site may vary from day-to-day such that on any given day 

the actual daily discharges may be higher or lower than the estimated 

average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Processing as a 

Reactant 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 

It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are processing PCE as a reactant rather than a different 

condition of use. If the sites were categorized under a different OES, the 



 

Page 99 of 714 

 

Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

annual wastewater discharges for each site would remain unchanged; 

however, average daily discharges may change depending on the number of 

operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 350 days/yr of operation (7 days/week, 50 weeks/yr with two 

weeks for turnaround) and averaged the annual discharges over the 

operating days. There is some uncertainty that all sites processing PCE as a 

reactant will operate for this duration as some sites may operate less than 7 

days/wk, have turnarounds greater than or less than the assumed 2 weeks/yr, 

or not manufacture products that use PCE as a reactant every day. 

Therefore, the average daily discharges may be higher if sites operate for 

fewer than 350 days/yr or lower if they operate for greater than 350 days/yr. 

Furthermore, PCE concentrations in wastewater discharges at each site may 

vary from day-to-day such that on any given day the actual daily discharges 

may be higher or lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Incorporation into 

Formulation, Mixture, 

or Reaction Product 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 

It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are performing formulation activities rather than a different 

condition of use. If the sites were categorized under a different OES, the 

annual wastewater discharges for each site would remain unchanged; 

however, average daily discharges may change depending on the number of 

operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 300 days/yr of operation and averaged the annual discharges over 
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the operating days. There is some uncertainty that all sites formulating PCE-

based products will operate for this duration as some sites may not make 

products that contain PCE every day while others may operate more than 

300 days/yr based on product demand and process needs. Therefore, the 

average daily discharges may be higher if sites operate for fewer than 300 

days/yr or lower if they operate for greater than 300 days/yr. Furthermore, 

PCE concentrations in wastewater discharges at each site may vary from 

day-to-day such that on any given day the actual daily discharges may be 

higher or lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Batch Open-Top Vapor 

Degreasing 

Data Quality Ratings: For sites that meet the reporting requirements, 

wastewater discharges are assessed using reported discharges from the 2016 

TRI and the 2016 DMR. TRI and DMR data were determined to have a 

ñmediumò data quality rating through EPAôs systematic review process. 

Specifically, the TRI and DMR data were scored high for representativeness 

of geographic scope, applicability, and temporal representativeness but 

scored low for methodology, accessibility/clarity, and variability/uncertainty 

resulting in an overall quality of medium. The ñlowò scores are a result of 

the information available in each data source. For example, neither TRI nor 

DMR include: data on how each reporter estimated their releases 

(methodology); metadata (e.g., release frequency, process/unit operation that 

is the source of the release) other than the media of release 

(accessibility/clarity); or address variability/uncertainty in the reported 

estimates. 

Limitations to Release Data for Site Reporting to TRI/DMR: Due to 

reporting requirements for TRI and DMR, only 123 sites related to 

degreasing operations are captured in the databases. The remaining sites 

may not be captured in the data due to not meeting reporting thresholds in 

the case of TRI, or because they do not discharge PCE to surface water in 

the case of DMR (discharges to POTW and non-POTW WWT are not 

reported in DMR). Information on the conditions of use of PCE at facilities 

in TRI and DMR is limited; therefore, there is some uncertainty as to 

whether all of the TRI/DMR sites assessed in this section are using PCE in 

OTVD rather than a different condition of use (including other vapor 

degreasing and cold cleaning operations and use of PCE in metalworking 

fluids). If the sites were categorized under a different OES, the annual 

wastewater discharges for each site would remain unchanged; however, 

average daily discharges may change depending on the number of operating 

days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 260 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites using PCE in 

OTVDs will operate for this duration as some sites may use degreasing 

equipment more or less frequently than 260 days/yr depending on process 
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demands. Therefore, the average daily discharges may be higher if sites 

operate for fewer than 260 days/yr or lower if they operate for greater than 

260 days/yr. Furthermore, PCE concentrations in wastewater discharges at 

each site may vary from day-to-day such that on any given day the actual 

daily discharges may be higher or lower than the estimated average daily 

discharge. 

Strengths of the Release Model for Sites not Reporting to TRI/DMR: 

Wastewater discharges from sites not reporting to TRI/DMR are assessed 

using the EPA/OPPT Water Saturation Loss Model, which assumes that 

water contacted with the chemical becomes saturated with the chemical and 

remains saturated at the time of disposal. The low end of the amount of 

water in contact with PCE is estimated to be 2 gals/day based on data from 

literature (U.S. EPA, 1977). 
Uncertainties in the Release Model for Sites not Reporting to TRI/DMR: 

The high-end of the amount of water in contact with PCE used in the 

EPA/OPPT Water Saturation Loss Model is 20 gal/day. This is an order of 

magnitude estimate from the data provided in literature (U.S. EPA, 1977). 

The U.S. EPA (1977) estimate of 2 gal/day does not account for steam 

stripping of still bottoms in distillation units or from regeneration of carbon 

beds used for emission controls (where such controls are present). To 

account for this additional water usage, EPA used an order of magnitude 

assumption and assessed no more than 20 gals/day of water will come into 

contact with PCE. However, the true amount produced is unknown and can 

be affected by the use patterns (e.g., frequency of carbon bed regeneration) 

and size of degreasers used at a given site. There is also some uncertainty on 

how sites will dispose of water containing-PCE; however, EPA expects 

discharges to be either to POTW or non-POTW WWT to reduce 

concentrations of PCE below regulatory limits set forth in effluent 

guidelines prior to discharge to surface water. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates from sites 

reporting to TRI and DMR. Based on the strength and uncertainties of the 

model, EPA has a medium level of confidence in the wastewater discharges 

from sites not reporting to TRI/DMR. 

Batch Closed-Loop 

Vapor Degreasing 

Same as the Open-Top Vapor Degreasing (OTVD) OES. 

Conveyorized Vapor 

Degreasing 

Same as the Open-Top Vapor Degreasing (OTVD) OES. 

Web Degreasing Same as the Open-Top Vapor Degreasing (OTVD) OES. 

Cold Cleaning Same as the Open-Top Vapor Degreasing (OTVD) OES. 

Aerosol Degreasing and 

Aerosol Lubricants 

EPA assessed no wastewater discharges for this OES. There is some 

uncertainty as to whether and how much PCE may deposit on shop floors. 

However, due to the volatility of PCE, EPA expects PCE to evaporate from 

any such deposit prior to it being discharged; thus, limiting any potential 

discharges to surface water, POTW, or non-POTW WWT from this source. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827321
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Based on this information, EPA has a high confidence in the release 

assessment. 

Dry Cleaning and Spot 

Cleaning 

Data Quality Ratings: Wastewater discharges from industrial launderers are 

assessed using reported discharges from the 2016 DMR. DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. The ñlowò scores are a result of the information 

available in DMR. For example, DMR does not include: data on how each 

reporter estimated their releases (methodology); metadata (e.g., release 

frequency, process/unit operation that is the source of the release) other than 

the media of release (accessibility/clarity); or address variability/uncertainty 

in the reported estimates. 

Limitations to Release Data for Industrial Launderer: DMR does not 

contain data for 4 of the 12 industrial launderer sites. These four sites may 

not be in DMR because they may have no water discharges or because they 

discharge to sewer rather than surface water (sewer discharges not reported 

in DMR). 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to 

DMR only report annual discharges; to assess daily discharges, EPA 

assumed 250 to 312 annual days of operation and averaged the annual 

discharges over the operating days. There is some uncertainty that all 

industrial launderers using PCE will operate for this duration as site-specific 

demands may result in higher or lower operating days. Therefore, the 

average daily discharges may be higher if sites operate for fewer than the 

operating days or lower if they operate for greater than the operating days. 

Furthermore, PCE concentrations in wastewater discharges at each site may 

vary from day-to-day such that on any given day the actual daily discharges 

may be higher or lower than the estimated average daily discharge. Based on 

this information, EPA has a medium confidence in the wastewater discharge 

estimates at industrial launderers. 

Strengths of the Release Model for Small Commercial Dry Cleaners: 

Wastewater discharges from small commercial dry cleaners is assessed 

using the Solvent Release in Water Discharge from Dry Cleaning Machines 

Model. The model is based on the EPA/OPPT Water Saturation Loss 

Model, which assumes that water contacted with the chemical becomes 

saturated with the chemical and remains saturated at the time of disposal. 

The primary difference between this model and the EPA/OPPT Water 

Saturation Model is this model calculates the amount of produced 

wastewater using data (and distributions, where available) obtained from 

literature for the volume of water produced water per pound of clothes 

cleaned, load size, and loads per day. Using these parameters and 

distributions the model is able to capture variability in the amount of 

produced wastewater at dry cleaners. 

Uncertainties in the Release Model for Small Commercial Dry Cleaners: 

There is some uncertainty on how sites will dispose of water containing-

PCE and some states may regulate the disposal; therefore, not all sites are 

expected to discharge wastewater to POTW. 
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Overall Confidence Rating: Based on the data quality score, the limitations 

to the release data, and the uncertainties in the daily discharge estimates, 

EPA has a medium confidence in the wastewater discharge estimates at 

industrial launderers. Based on the strengths and uncertainties of the model, 

EPA has a medium level of confidence in the wastewater discharge 

estimates at small commercial dry cleaners.  

Adhesives, Sealants, 

Paints, and Coatings 

Uncertainties in the Release Model: Wastewater discharges from adhesive, 

sealant, coating, and paint applications are assessed using loss fractions 

from ESDs and the EPA/OPPT Automobile OEM (Original Equipment 

Manufactuer) Coating Overspray Loss Model. These approaches represent 

release estimates for the solids (i.e., non-volatile) portions of the coatings or 

adhesives and do not account for potential evaporation of volatiles from the 

mist prior to entering wastewater. Therefore, these estimates likely 

overestimate actual wastewater discharges of PCE due to volatilization 

(PCE vapor pressure is 18.5 mmHg at 25°C). This evaporation is difficult to 

estimate and is not considered in this assessment. 

Uncertainties in Use Rate: EPA did not identify any sites in TRI that use 

PCE as an adhesive or coating. Therefore, EPA assumed the use-rate for any 

site not in TRI would be just below the TRI reporting threshold for 

ñotherwise useò of 10,000 lb/yr. Therefore, EPA assessed the PCE use-rate 

to be 9,999 lb/yr. EPA did not have data to determine if this is representative 

of typical coating or adhesive application sites. For sites with use rates less 

than 9,999 lb/yr, wastewater discharges may be underestimated.  

Uncertainties in Application Methods: EPA estimated releases for roll 

coating and spray coating applications with water curtains. However, it is 

unknown how many sites use these application methods. For sites that use 

dip, syringe/bead, or spray coating applications with dry filters, there may 

be no wastewater discharges containing PCE. 

Uncertainties in the Media of Release: EPA assessed all the captured 

mists/splatter to be discharged to POTW; however, some sites may dispose 

of captured mists/splatter to incineration or landfill. EPA did not identify 

data to determine how many sites dispose to POTW versus other 

media/treatment methods. 

Uncertainties in Number of Sites Estimate: There is further uncertainty that 

the number of sites obtained from the 2014 NEI represent the total number 

of sites using adhesives or coatings containing PCE. NEI data only covers 

specific industries which may not capture the entirety of industries using 

these products. NEI also does not include operations that are classified as 

area sources because area sources are reported at the county level and do not 

include site-specific information. It is uncertain the extent that sites not 

captured in this assessment discharge wastewater containing PCE and 

whether any such discharges would be to surface water, POTW, or non-

POTW WWT. 

Overall Confidence Rating: Based on the uncertainties described above, 

EPA has a low confidence in the wastewater discharge estimates. 

Maskant for Chemical 

Milling  

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 
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determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: The discharges in TRI and 

DMR do not include 44 of the expected 71 sites that use PCE-based 

maskants. It is uncertain the extent that sites not captured in these databases 

discharge wastewater containing PCE and whether any such discharges 

would be to surface water, POTW, or non-POTW WWT; however, the sites 

may be required to comply with the Metal Finishing EG. Additionally, 

information on the conditions of use of PCE at facilities in TRI and DMR is 

limited; therefore, there is some uncertainty as to whether all of the sites 

assessed in this section are performing maskant operations rather than a 

different condition of use. If the sites were categorized under a different 

OES, the annual wastewater discharges for each site would remain 

unchanged; however, average daily discharges may change depending on 

the number of operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

used site-specific reported operating time from the 2014 NEI, where 

available, or assumed 172 days/yr of operation (based on the average 

operating time from the 2014 NEI) and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites using PCE-based 

maskants will operate for this duration as, based on process needs, some 

sites may perform masking activities more or less frequently than the 

average days/yr from NEI or use other maskants not containing PCE for 

certain operations. Therefore, the average daily discharges may be higher if 

sites operate for fewer than the estimated operating days or lower if they 

operate for greater than the estimated operating days. Furthermore, PCE 

concentrations in wastewater discharges at each site may vary from day-to-

day such that on any given day the actual daily discharges may be higher or 

lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Industrial Processing 

Aid 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 



 

Page 105 of 714 

 

Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 

It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are using PCE as a processing aid rather than a different 

condition of use. If the sites were categorized under a different OES, the 

annual wastewater discharges for each site would remain unchanged; 

however, average daily discharges may change depending on the number of 

operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 300 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites using PCE as a 

processing aid will operate for this duration as some sites may use PCE 

processing aids more or less frequently than 300 days/yr based on process 

needs. Therefore, the average daily discharges may be higher if sites operate 

for fewer than 300 days/yr or lower if they operate for greater than 300 

days/yr. Furthermore, PCE concentrations in wastewater discharges at each 

site may vary from day-to-day such that on any given day the actual daily 

discharges may be higher or lower than the estimated average daily 

discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Metalworking Fluids Same as the Open-Top Vapor Degreasing (OTVD) OES. 

Wipe Cleaning and 

Metal/Stone Polishes 

EPA assessed no wastewater discharges for this OES. There is some 

uncertainty as to whether and how much PCE may drip from the rag/cloth or 

the substrate surface onto shop floors or ground (for outdoor applications). 

However, due to the volatility of PCE, EPA expects PCE to evaporate from 

any such deposit prior to it being discharged; thus, limiting any potential 

discharges to surface water, POTW, or non-POTW WWT from this source. 

Based on this information, EPA has a high confidence in the release 

assessment. 

Other Spot 

Cleaning/Spot 
No information identified to estimate wastewater discharges from this OES. 
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Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

Removers (Including 

Carpet Cleaning) 

Other Industrial Uses 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 

It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are performing other industrial uses rather than a different 

condition of use. If the sites were categorized under a different OES, the 

annual wastewater discharges for each site would remain unchanged; 

however, average daily discharges may change depending on the number of 

operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 250 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites using PCE for 

other industrial uses will operate for this duration as some sites may use 

PCE more or less frequently than 250 days/yr based on process needs. 

Therefore, the average daily discharges may be higher if sites operate for 

fewer than 250 days/yr or lower if they operate for greater than 250 days/yr. 

Furthermore, PCE concentrations in wastewater discharges at each site may 

vary from day-to-day such that on any given day the actual daily discharges 

may be higher or lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Other Commercial Uses 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 DMR. DMR data were determined to have a 

ñmediumò data quality rating through EPAôs systematic review process. 

Specifically, the DMR data were scored high for representativeness of 

geographic scope, applicability, and temporal representativeness but scored 

low for methodology, accessibility/clarity, and variability/uncertainty 
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Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

resulting in an overall quality of medium. The ñlowò scores are a result of 

the information available in DMR. For example, DMR does not include: 

data on how each reporter estimated their releases (methodology); metadata 

(e.g., release frequency, process/unit operation that is the source of the 

release) other than the media of release (accessibility/clarity); or address 

variability/uncertainty in the reported estimates. 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for DMR, these sites are not expected to capture the entirety of water 

releases from this OES. It is uncertain the extent that sites not captured in 

DMR discharge wastewater containing PCE and whether any such 

discharges would be to surface water, POTW, or non-POTW WWT. 

Additionally, information on the conditions of use of PCE at facilities in 

DMR is limited; therefore, there is some uncertainty as to whether all of the 

sites assessed in this section are performing other commercial uses rather 

than a different condition of use. If the sites were categorized under a 

different OES, the annual wastewater discharges for each site would remain 

unchanged; however, average daily discharges may change depending on 

the number of operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to 

DMR only report annual discharges; to assess daily discharges, EPA 

assumed 250 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites using PCE in 

other commercial uses will operate for this duration as some sites may use 

PCE more or less frequently than 250 days/yr based on process needs. 

Therefore, the average daily discharges may be higher if sites operate for 

fewer than 250 days/yr or lower if they operate for greater than 250 days/yr. 

Furthermore, PCE concentrations in wastewater discharges at each site may 

vary from day-to-day such that on any given day the actual daily discharges 

may be higher or lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Laboratory Chemicals No information identified to estimate wastewater discharges from this OES. 

Waste Handling, 

Disposal, Treatment, 

and Recycling 

Data Quality Ratings: Wastewater discharges are assessed using reported 

discharges from the 2016 TRI and the 2016 DMR. TRI and DMR data were 

determined to have a ñmediumò data quality rating through EPAôs 

systematic review process. Specifically, the TRI and DMR data were scored 

high for representativeness of geographic scope, applicability, and temporal 

representativeness but scored low for methodology, accessibility/clarity, and 

variability/uncertainty resulting in an overall quality of medium. The ñlowò 

scores are a result of the information available in each data source. For 

example, neither TRI nor DMR include: data on how each reporter 

estimated their releases (methodology); metadata (e.g., release frequency, 

process/unit operation that is the source of the release) other than the media 

of release (accessibility/clarity); or address variability/uncertainty in the 

reported estimates. 
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Occupational 

Exposure Scenario 

(OES) 

Assumptions, Uncertainty, and Overall Confidence in Release 

Estimates 

Uncertainties in Number of Sites Estimate: Due to reporting requirements 

for TRI and DMR, the number of sites in this OES may be underestimated. 

It is uncertain the extent that sites not captured in these databases discharge 

wastewater containing PCE and whether any such discharges would be to 

surface water, POTW, or non-POTW WWT. Additionally, information on 

the conditions of use of PCE at facilities in TRI and DMR is limited; 

therefore, there is some uncertainty as to whether all of the sites assessed in 

this section are performing waste treatment, disposal, and recycling 

activities rather than a different condition of use. If the sites were 

categorized under a different OES, the annual wastewater discharges for 

each site would remain unchanged; however, average daily discharges may 

change depending on the number of operating days expected for the OES. 

Uncertainties in the Daily Discharge Estimates: Facilities reporting to TRI 

and DMR only report annual discharges; to assess daily discharges, EPA 

assumed 250 days/yr of operation and averaged the annual discharges over 

the operating days. There is some uncertainty that all sites 

disposing/treating/recycling wastes containing PCE will operate for this 

duration as some sites may receive/treat PCE-containing wastes more or less 

frequently than 250 days/yr based on customer demands. Therefore, the 

average daily discharges may be higher if sites operate for fewer than 250 

days/yr or lower if they operate for greater than 250 days/yr. Furthermore, 

PCE concentrations in wastewater discharges at each site may vary from 

day-to-day such that on any given day the actual daily discharges may be 

higher or lower than the estimated average daily discharge. 

Overall Confidence Rating: Based on the data quality score, and the 

uncertainties in the number of sites and daily discharge estimates, EPA has a 

medium confidence in the wastewater discharge estimates. 

Other Department of 

Defense Uses 
No information identified to estimate wastewater discharges from this OES. 

 

 Environmental Exposures 
The manufacturing, processing, use and disposal of PCE can result in releases to the 

environment. In this section, EPA presents what approach and methodology was used to evaluate 

PCE exposures to aquatic organisms via surface water. The environmental exposure 

characterization focuses on aquatic releases of PCE from facilities that use, manufacture, or 

process PCE under industrial and/or commercial conditions of use subject to TSCA regulations.  

 

To characterize environmental exposure, EPA identified and reviewed national scale monitoring 

data. Measured surface water concentrations were obtained from EPAôs Water Quality Exchange 

(WQX) using the online Water Quality Portal (WQP) tool, which is the nationôs largest source of 

water quality monitoring data and includes results from EPAôs STORage and RETrieval 

(STORET) Data Warehouse, the United States Geological Survey (USGS), National Water 

Information System (NWIS), and other federal, state, and tribal sources. A full systematic review 

of reasonably available surface water literature was also conducted to identify other peer-
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reviewed or grey literature12  sources of measured surface water concentrations in the US. Point 

estimate exposures were derived from both measured and predicted concentrations of PCE in 

surface water in the United States. Predicted surface water concentrations were modeled for 

facility releases in the EPA Lifecycle Release Analysis conducted for reporting year 2016, as 

determined from EPAôs Toxics Release Inventory (TRI), Discharge Monitoring Reports (DMR; 

through EPAôs Water Pollutant Loading Tool), and EPAôs Chemical Data Reporting (CDR).  

 

The aquatic modeling was conducted with EPAôs Exposure and Fate Assessment Screening 

Tool, version 2014 (E FAST 2014) (U.S. EPA, 2014b), using reported annual release/loading 

amounts (kg/yr) and estimates of the number of days per year that the annual load is released. As 

appropriate, two scenarios were modeled per release: release of the annual load over an 

estimated maximum number of operating days per year and over only 20 days per year. Twenty 

days of release was modeled as the low-end release frequency at which possible ecologic chronic 

risk could be determined. Additionally, the Probabilistic Dilution Model (PDM), a module of E

FAST 2014 was run to estimate the number of days a stream concentration will exceed the 

designated concentration of concern (COC) value.  

 

The measured concentrations reflect localized ambient exposures at the monitoring sites, and the 

modeled concentrations reflect near-site estimates at the point of release. A geospatial analysis at 

the watershed level (HUC-8 and HUC-12; Hydrologic Unit Codes) was conducted to compare 

the measured and predicted surface water concentrations and investigate if the facility releases 

may be associated with the observed concentrations in surface water. Hydrologic Unit Codes 

(HUCs) are a geographically hierarchical tiered approach to organizing stream networks across 

the United States from regions to sub water sheds and part of the Watershed Boundary Dataset 

developed by U.S. Geological Survey and U.S. Department of Agriculture (USGS, 2013). HUC-

8 and HUC-12 sized units were selected as they were expected to give a representative 

geographic size range over which predicted surface water concentrations would be relevant to 

measured concentrations. 

 Aquatic Exposure Modeling Approach 

Surface water concentrations resulting from wastewater releases of PCE from facilities that use, 

manufacture, or process PCE related to TSCA conditions of use were modeled using EPAôs 

Exposure and Fate Assessment Screening Tool, Version 2014 (U.S. EPA, 2014b). E-FAST 2014 

is a model that estimates chemical concentrations in water to which aquatic life may be exposed 

using upper percentile and/or mean exposure parametric values, resulting in high end exposure 

estimates. Other assumptions and uncertainties in the model, including ways it may be 

underestimating or overestimating exposure, are discussed in Section 2.3.4.3. Advantages to this 

model are that it requires minimal input parameters and it has undergone extensive peer review 

by experts outside of EPA. A brief description of the calculations performed within the tool, as 

well as a description of required inputs and the methodology to obtaining and using inputs 

specific to this assessment is described below. To obtain more detailed information on the E-

 
12 Grey literature refers to sources of scientific information that are not formally published and distributed in peer 

reviewed journal articles. These references are still valuable and consulted in the TSCA risk evaluation process. 

Examples of grey literature are theses and dissertations, technical reports, guideline studies, conference proceedings, 

publicly-available industry reports, unpublished industry data, trade association resources, and government reports. 

(U.S. EPA, 2018c) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5425102
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4154568
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FAST 2014 tool from the user guide/background document (U.S. EPA, 2014b), as well as to 

download the tool, visit this web address: https://www.epa.gov/tsca-screening-tools/e-fast-

exposure-and-fate-assessment-screening-tool-version-2014/. All model runs for this assessment 

were conducted between December 2018 and June 2019. 

 Exposure and Fate Assessment Screening (E-FAST) Tool 2014 

Inputs 

Individual model inputs and accompanying considerations for the surface water modeling for E-

Fast 2014 (U.S. EPA, 2014b) are discussed in the following sections.  

 Chemical release to wastewater (WWR) 

Annual wastewater loading estimates (kg/site/year or lb/site/year) were obtained from TRI, the Water 

Pollutant Loading Tool, or CDR in the year 2016, as discussed in the lifecycle assessment in Section 

2.2.1.1. To model these releases within E-FAST 2014 (U.S. EPA, 2014b), the annual release is 

converted to a daily release using an estimated days of release per year. Below is an example 

calculation: 

 

WWR (kg/day) = Annual loading (kg/site/year) / Days released per year (days/year) (Eq. 2-3) 

 

In cases where the total annual release amount from one facility was discharged via multiple 

mechanisms (i.e., direct to surface water and/or indirectly through one or more WWTPs), the annual 

release amount was divided accordingly based on reported information in TRI (Form R). 

 Release Days (days/year) 

The number of days per year that the chemical is discharged is used to calculate a daily release amount 

from annual loading estimates (see above). Current regulations do not require facilities to report the 

number of days associated with reported releases. Therefore, two release scenarios were modeled for 

direct discharging facilities to provide upper and lower bounds for the range of surface water 

concentrations predicted by E-FAST 2014 (U.S. EPA, 2014b). The two scenarios modeled are a 

maximum release frequency (200 to 350 days) based on estimates specific to the facilityôs condition of 

use and a low-end release frequency of 20 days of release per year. The 20-day risk from chronic 

exposure criterion is derived from partial life cycle tests (e.g., daphnid chronic and fish early life stage 

tests) that typically range from 21 to 28 days in duration. For indirect dischargers, only the maximum 

estimated days of release per year was modeled because it was assumed that the actual release to surface 

water would occur at receiving WWTPs which typically operate every day of the year.  

 Removal from wastewater treatment (WWT%) 

The WWT% is the percentage of the chemical removed from wastewater during treatment before 

discharge to a body of water. As discussed in Section 2.1.2, Summary of Fate and Transport, the 

WWT% for PCE was estimated as 88% using the ñSTPò module within The EPI SuiteÊ, which 

was run using default settings to evaluate the potential for PCE to volatilize to air or sorb to 

sludge during wastewater treatment. The WWT% of 88% was applied to releases from indirect 

discharging facilities because the releases are transferred off-site for treatment at a WWTP prior 

to discharge to surface water. A WWT% of zero was used for direct releasing facilities because 

the release reported in TRI and DMR already accounts for any wastewater treatment which may 

have occurred. In the absence of sufficient release information to determine if the release was 

direct or indirect, E-FAST 2014 (U.S. EPA, 2014b) was run with a WWT% of zero and 88%, 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://www.epa.gov/tsca-screening-tools/e-fast-exposure-and-fate-assessment-screening-tool-version-2014/
https://www.epa.gov/tsca-screening-tools/e-fast-exposure-and-fate-assessment-screening-tool-version-2014/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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respectively. These releases are typically those identified through the OCSPF EGL data source 

and are from facilities that are not in DMR or TRI. 

 Facility or Industry Sector 

The required site-specific stream flow or dilution factor information is contained in the E-FAST 

2014 database (U.S. EPA, 2014b), which is accessed by querying a facility National Pollutant 

Discharge Elimination System (NPDES) number, name, or reach code. For facilities that directly 

discharge to surface water (i.e., ñdirect dischargersò), the NPDES of the direct discharger was selected 

from the database. For facilities that indirectly discharge to surface water (i.e., ñindirect dischargersò 

because the release is sent to a waste-water treatment plant (WWTP) prior to discharge to surface water), 

the NPDES of the receiving WWTP was selected. The receiving facility name and location was 

obtained from the TRI database (Form R), if available. As TRI does not contain the NPDES of receiving 

facilities, the NPDES was obtained using EPAôs Envirofacts search tool 

(https://www3.epa.gov/enviro/facts/multisystem.html, (U.S. EPA, 2019d)). If a facility NPDES was 

not available in the E-FAST-2014 database (U.S. EPA, 2014b), the release was modeled using water 

body data for a surrogate NPDES (preferred) or an industry sector, as described below. 

 

Surrogate NPDES 

In cases where the site-specific NPDES was not available in the E-FAST 2014 database (U.S. 

EPA, 2014b), the preferred alternative was to select the NPDES for a nearby facility that 

discharges to the same waterbody. Nearby facilities were identified using the Chemical Safety 

Mapper within IGEMS and/or search of the E-FAST 2014 database (U.S. EPA, 2014b) by reach 

code. 

 

Industry Sector (SIC Code Option) 

 

If the NPDES is unknown, no close analog could be identified, or the exact location of a 

chemical loading is unknown, surface water concentrations were modeled using the ñSIC Code 

Optionò within E-FAST 2014 (U.S. EPA, 2014b). This option uses the 10th and 50th percentile 

receiving 7Q10 stream flows for dischargers in a given industry sector, as defined by the 

Standard Industrial Classification (SIC) codes of the industry. The industrial sectors for each 

condition of use category can be found in Appendix E. 

 E-FAST 2014 Equations 

 Surface Water Concentrations 

EPA used E-FAST 2014 (U.S. EPA, 2014b) estimate site-specific surface water concentrations 

for discharges to both free-flowing water bodies (i.e., rivers and streams) and for still water 

bodies (i.e., bays, lakes, and estuaries).  

 

  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://www3.epa.gov/enviro/facts/multisystem.html
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6127841
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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For free-flowing water body assessments, E-FAST 2014 (U.S. EPA, 2014b) calculates surface 

water concentrations for four stream flow conditions (7Q10, harmonic mean, 30Q5, and 1Q10 

flows) using the following equation: 

 

╢╦╒
╦╦╡ ╒╕  

╦╦╣ 

╢╕ ╒╕
    (Eq. 2-1) 

where: 

 SWC  = Surface water concentration (parts per billion (ppb) or µg/L)  

WWR  = Chemical release to wastewater (kg/day) 

WWT  = Removal from wastewater treatment (%) 

SF = Estimated flow of the receiving stream (MLD, Million Liters per 

Day) 

CF1  = Conversion factor (10
9 µg/kg) 

CF2  = Conversion factor (10
6 L/day/MLD) 

 

For still water body assessments, no simple stream flow value represents dilution in these types 

of water bodies. As such, E-FAST 2014 (U.S. EPA, 2014b) accounts for dilution by incorporating 

an acute or chronic dilution factor for the water body of interest instead of stream flows. Dilution 

factors in E-FAST 2014 (U.S. EPA, 2014b) are typically 1 (representing no dilution) to 200, 

based on NPDES permits or regulatory policy. The following equation is used to calculate 

surface water concentrations in still water bodies: 

 

╢╦╒  
╦╦╡ ╒╕

╦╦╣

╟╕╒╕ ╓╕
    (Eq. 2-2) 

where: 

SWC   = Surface water concentration (ppb or µg/L)  

WWR  = Chemical release to wastewater (kg/day)  

WWT   =  Removal from wastewater treatment (%) 

PF  = Effluent flow of the discharging facility (MLD) 

DF  = Acute or chronic dilution factor used for the water body (typically  

  between 1 and 200) 

CF1  = Conversion factor (10
9 µg/kg) 

CF2  = Conversion factor (10
6 L/day/MLD) 

 

 Days of COC Exceedance 

The PDM portion of E-FAST 2014 (U.S. EPA, 2014b) was also run for free-flowing water 

bodies, which predicts the number of days per year a chemicalôs concentration of concern (COC) 

in an ambient water body will be exceeded. The model is based on a simple mass balance 

approach presented by (Di Toro, 1984) that uses probability distributions as inputs to reflect that 

streams follow a highly variable seasonal flow pattern and there are numerous variables in a 

manufacturing process can affect the chemical concentration and flow rate of the effluent. PDM 

does not estimate exceedances for chemicals discharged to still waters, such as lakes, bays, or 

estuaries. For these water bodies, the days of exceedance is assumed be zero unless the predicted 

surface water concentration exceeds the COC. In these cases, the days of exceedance is set to the 

number of release days per year (see required inputs in Section 2.3.1.1). 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5425310
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 E-FAST 2014 Outputs 

There are two main results generated from E-FAST (U.S. EPA, 2014b) that EPA used in 

characterizing environmental exposures: surface water concentration estimates, and the number of 

days a certain surface water concentration was exceeded. Site-specific surface water concentration 

estimates for free-flowing water bodies are reported for both the 7Q10 and harmonic mean stream 

flows. The 7Q10 stream flow is the lowest consecutive 7-day average flow during any 10-year 

period. The harmonic mean stream flow, a less conservative value, is the inverse mean of 

reciprocal daily arithmetic mean flow values. Site-specific surface water concentration estimates 

for still water bodies are reported for calculations using the acute dilution factors. In cases where 

site-specific flow/dilution data were not available, the releases were modeled using stream flows 

of a representative industry sector, as calculated from all facilities assigned to the industry sector 

in the E-FAST database (U.S. EPA, 2014b) (discussed below). Estimates from this calculation 

method are reported for the 10th percentile harmonic mean and 10th percentile 7Q10 stream flows.  

 Surface Water Monitoring Data Gathering Approach 

To characterize environmental exposure in ambient water for PCE, EPA used two approaches to 

obtain measured surface water concentrations. One approach was to conduct a search of 

published literature for surface water concentrations in peer reviewed journals and the second 

was to pull monitoring data on surface water concentrations from the WQP.  

 Method for Systematic Review of Surface Water Monitoring 

Data 

EPA conducted a review of published literature to identify studies reporting concentrations of 

PCE in surface water associated with background levels of contamination or potential releases 

from facilities that manufacture, process, use and/or dispose of PCE in the United States. Studies 

clearly associated with releases from Superfund sites, improper disposal methods, and landfills 

were considered off-PECO and excluded from data evaluation and extraction. The systematic 

review process is described in detail in Section 1.5. A total of 26 surface water studies were 

extracted and the results are summarized in Section 2.3.4.2.3. A total of 3 U.S. surface water 

studies were extracted and the results are summarized in Section 2.3.4.2.3. 

 Method for Obtaining Surface Water Monitoring Data from 

WQX/WQP 

The primary source for the occurrence of PCE in surface water is monitoring data retrieved from 

the Water Quality Portal (WQP), which integrates publicly available U.S. water quality data 

from multiple databases: 1) USGS NWIS, 2) STORET, and 3) the USDA ARS Sustaining The 

Earthôs Watersheds - Agricultural Research Database System (STEWARDS). For PCE the data 

retrieved originated from the NWIS and STORET databases. NWIS is the Nation's principal 

repository of water resources data USGS collects from over 1.5 million sites, including sites 

from the National Water-Quality Assessment (NAWQA). STORET refers to an electronic data 

system originally created by EPA in the 1960s to compile water quality monitoring data. NWIS 

and STORET now use common web services, allowing data to be published through WQP tool. 

The WQP tool and User Guide is accessed from the following website: 

(http://www.waterqualitydata.us/portal.jsp, (Nwqmc, 2017))  

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
http://www.waterqualitydata.us/portal.jsp
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827244
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 Data Retrieval from WQP 

Surface water data for PCE were downloaded from the WQP (Nwqmc, 2017) on October 3, 

2018. The WQP can be searched through three different search options: Location Parameters, 

Site Parameters, and Sampling Parameters. The PCE data were queried through the Sampling 

Parameters search using the Characteristics parameter (selected ñTetrachloroethene (NWIS, 

STORET)ò) and Date Range parameter (selected ñ01-01-2008 to 12-31-2017ò). Both the ñSite 

data onlyò and ñSample results (physical/chemical metadata)ò were selected for download in 

ñMS Excel 2007+ò format. The ñSite data onlyò file contains monitoring site information (i.e., 

location in hydrologic cycle, HUC and geographic coordinates); whereas the ñSample resultò file 

contains the sample collection data and analytical results for individual samples. An example of 

WQP search option is shown below in Figure 2-8. 

 

Figure 2-8. WQP Search Option. Surface water data were obtained from the WQP by querying 

the Sampling Parameters search option for the characteristic (STORET data), Parameter Code 

(NWIS data), and date range parameter. 

 Data Filtering and Cleansing 

The ñSite data onlyò and ñSample results (physical/chemical metadata)ò files were linked 

together using the common field ñMonitoring Location Identifierò and then filtered and cleansed 

to obtain surface water samples for years 2013 through 2017. Specifically, cleansing focused on 

obtaining samples were only for the media of interest (i.e., surface water), were not quality 

control samples (i.e., field blanks), were of high analytical quality (i.e., no quality control issues, 

sample contamination, or estimated values), and were not associated with contaminated sites 

(i.e., Superfund).  

The following filtering to obtain the final dataset, the domains were examined to identify 

samples with non-detect concentrations. All non-detect samples were tagged and the 

concentrations were converted to ½ the reported detection limit for summary calculation 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827244
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purposes. If a detection limit was not provided, calculations were performed using the average of 

the reported detection limits in all samples (calculated as 0.3 µg/L). 

 Geospatial Analysis Approach  

Using 2016 data, the measured surface water concentrations from the WQP and predicted 

concentrations from the modeled facility releases were mapped in ArcGIS to conduct a 

watershed analysis at the HUC 8 and HUC 12 level. The purpose of the analysis was to identify 

if any the observed surface water concentrations could be attributable to the modeled facility 

releases. In addition, the analysis included a search for Superfund sites within 1 to 5 miles of the 

surface water monitoring stations to exclude these monitoring sites from the analysis.  A U.S. 

scale map was developed to provide a spatial representation of the measured and predicted 

concentrations. HUCs with co-located monitoring stations and facility releases were identified 

and examined further. Maps were developed on a U.S. scale to provide a spatial display of the 

concentrations, as well as at the HUC scale to focus on co-located monitoring stations and 

facility releases. 

 Geographic Coordinates 

The location of the monitoring stations was determined from the geographic coordinates (latitude 

and longitude) provided in WQP. Releases from facilities were located based on the geographic 

coordinates for the NPDES, TRI, and/or FRS of the mapped facility, as provided by FRS. For 

indirect dischargers, the location of the receiving facility was mapped if known. If not known, 

the location of the indirect discharger was mapped. Superfund sites in 2016 were identified and 

mapped using geographic coordinates, as reported in the Superfund Enterprise Management 

System (SEMS) database in Envirofacts (U.S. EPA, 2014d). 

 Environmental Exposure Results 

In the section below, EPA summarizes what was identified in the evaluation of PCE in surface 

water. To determine what potential PCE occurrence there is in surface water, EPA evaluated 

both measured and modeled data using various approaches and methods. In the evaluation of 

PCE there are certain limitations that need to be accounted for when interpreting PCE exposure 

in the environment.  

 Aquatic Environmental Exposures 

 Predicted Surface Water Concentrations: E-FAST 2014 Modeling 

A summary of the surface water concentration estimates modeled using E-FAST 2014 (U.S. 

EPA, 2014b), based on the lifecycle release analysis for the year 2016, is summarized by OES 

category in Table 2-8 through Table 2-10. For the maximum release scenario (200-350 days of 

release/year), surface water concentrations under 7Q10 flow conditions ranged from 5.80E-09 to 

81.34 ppb (Table 2-8). For the 20 days of release/year scenario for direct dischargers, surface 

water concentrations under 7Q10 flow conditions ranged from 4.05E-06 to 397.25 ppb (Table 

2-9). For comparison purposes, indirect releases to non-POTW WWTPs were also modeled for 

the 20 days of release/year scenario, resulting in surface water concentrations of  0.03 to 1220.57 

ppb (Table 2-10). On a per facility basis, the 20-day release scenario yielded higher surface 

water concentrations than the maximum days of release scenario. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4157252
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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Reported loadings were used to model surface water concentrations with E-FAST 2014 (U.S. 

EPA, 2014b). E-FAST was run using no further removal for wastewater treatment, this is 

appropriate for direct release DMR data because DMRs are ñsubmitted from facilities that have 

NPDES permitted outfalls (which in most cases are discharges to surface waters)ò 

(https://echo.epa.gov/trends/loading-tool/resources/faq), and the top indirect dischargers were 

wastewater treatment facilities, reporting post-treatment release to surface water. TRI reporting 

facilities must identify the name of water body (or receiving POTW) into which the TRI 

chemical is being discharged (https://www.epa.gov/toxics-release-inventory-tri-

program/descriptions-tri-data-terms-text-version (U.S. EPA, 2020m). Most releases were 

modeled using site-specific NPDES codes (50%); surrogate NPDES codes were used in only 

approximately 5% of the cases, with the remaining cases (45%) run using a representative 

industry sector SIC code. National Pollutant Discharge Elimination System (NPDES) permit 

codes were used to identify reach and flow characteristics for discharges. If a NPDES code was 

not identified, the most applicable SIC (Standard Industrial Classification) code was used. 

Surface water estimates were generated assuming an acute scenario of a single day release, and 

chronic scenarios of 20 and 250 days of release. Wastewater treatment plants and water pollution 

control plants were only assessed for chronic scenarios (20 and 250 days of release). 

 

Table 2-8. Summary of Surface Water Concentrations by OES for Maximum Days of 

Release Scenario 

OES 

No. of 

Releases 

Modeled 

Surface Water 

Concentration (7Q10) 

(ppb) 

Min  Max 

Manufacturing n = 10 6.84E-06 18.48 

Import/Repackaging n = 4 3.24E-07 17.32 

Processing as a Reactant n = 18 4.15E-05 5.71 

Incorporation into Formulation n = 4 1.60E-04 81.34 

OTVD n = 17 1.00E-04 5.97 

OTVD (not in TRI/DMR) n = 1 0.25 0.25 

Closed Loop Vapor Degreasers (not in TRI/DMR) n = 1 0.25 0.25 

Conveyorized Degreasers (not in TRI/DMR) n = 1 0.25 0.25 

Web Degreasers (not in TRI/DMR) n = 1 0.25 0.25 

Commercial Dry Cleaning Sites n = 5 6.25E-03 5.51 

Dry Cleaning (industrial only) n = 2 2.69E-02 0.12 

Adhesives, Paints, and Coatings n = 2 21.59 27.76 

Chemical Maskant n = 5 5.34E-04 0.21 

Industrial Processing Aid n = 14 1.39E-05 11.39 

Other Industrial Uses n = 8 1.64E-03 31.75 

Other Commercial Uses n = 7 1.69E-03 0.37 

Waste Handling, Disposal, Treatment, and Recycling n = 13 5.80E-09 20.88 

Grand Total n = 113 5.80E-09 81.34 
Maximum and central annual release amounts were available for four facilities/sites (Axiall Corporation, Greenchem, Solvents & 

Chemicals, and Univar USA Inc). This summary table only compiles the high-end release amount. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://echo.epa.gov/trends/loading-tool/resources/faq
https://www.epa.gov/toxics-release-inventory-tri-program/descriptions-tri-data-terms-text-version
https://www.epa.gov/toxics-release-inventory-tri-program/descriptions-tri-data-terms-text-version
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6285563
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Table 2-9. Summary of Surface Water Concentrations by OES for 20 Days of Release 

Scenario for Direct Releaser Facilities 

OES 

No. of 

Releases 

Modeled 

Surface Water 

Concentration (7Q10) 

(ppb) 

Min  Max 

Manufacturing n = 5 1.19E-04 99.82 

Import/Repackaging n = 3 4.05E-06 2.18E-02 

Processing as a Reactant n = 17 7.25E-04 100 

Incorporation into Formulation n = 1 1.05E-02 1.05E-02 

OTVD n = 16 1.30E-03 77.64 

Commercial Dry Cleaning Sites n = 4 8.81E-02 79.55 

Dry Cleaning (industrial only) n = 2 0.39 1.69 

Chemical Maskant n = 3 4.60E-03 1.33 

Industrial Processing Aid n = 12 0.66 170.63 

Other Industrial Uses n = 8 2.05E-02 397.25 

Other Commercial Uses n = 7 2.11E-02 4.63 

Waste Handling, Disposal, Treatment, and Recycling n = 5 0.27 6.06 

Grand Total n = 83 4.05E-06 397.25 

 

Table 2-10. Summary of Surface Water Concentrations by OES for 20 Days of Release 

Scenario for Indire ct Releaser Facilities 

OES 

No. of 

Releases 

Modeled 

Surface Water 

Concentration (7Q10) 

(ppb) 

Min  Max 

Manufacturing n = 1 0.03 0.03 

Import/Repackaging n = 1 215.72 215.72 

Incorporation into Formulation n = 1 1220.57 1220.57 

Waste Handling, Disposal, Treatment, and Recycling n = 4 1.05 261.65 

Grand Total n = 7 0.03 1220.57 

 

 Characterization of Modeled Releases 

As discussed in Section  2.2.1.1, releases of PCE were determined from three data sources (TRI, 

DMRs, and CDR) for the 2016 calendar year, and assigned to 16 TSCA COU categories. 

Overall, modeling was conducted on 94 unique active releasing facilities plus one industry with 

sites nationwide (12,822 commercial dry-cleaning sites). As some facilities may be in more than 

one OES category, and multiple facilities had both direct and indirect releases, a total of 103 

facilities releases were modeled for both the maximum days of release and 20 days of release 

scenarios, as appropriate. The 94 active releasers were located in 28 states; states with the 

highest number of facilities (5 to 14 each) were TX, LA, IL, CO, CA, NY, and OH. The 
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remaining 21 states had 1 to 4 facilities each. Figure 2-9 gives a graphical representation of the 

number of active releasers were for each state. 

 

 
Figure 2-9. Distribution of Active Facility Releases Modeled  

 

The location of the actual releases, when accounting for indirect dischargers, occurred in 27 

states (all states as the active releaser, except CT). With respect to watersheds, the releases 

occurred across 66 HUC-8 areas and 82 HUC-12 areas. Over three quarters of the HUCs with 

facilities contained only 1 release location (76% for HUC-8 and 93% for HUC-12). The 

remaining HUCS contained 2 to 5 release locations each.   

 

Direct and indirect dischargers accounted for 76% and 24% of the total releases modeled, 

respectively. Site-specific waterbody flow/dilution data (identified via NPDES) were available in 

E-FAST 2014 (U.S. EPA, 2014b) for the majority of the releases (51%); surrogate site-specific 

waterbody flow/dilution data were identified for 6% of the cases; and the remaining cases (43%) 

were run using a representative industry sector SIC code. For releases modeled with a NPDES 

(including a surrogate NPDES), surface water concentrations were calculated for free-flowing 

water bodies in 81% of the cases, and still water bodies for the remaining cases (19%). Figure 

2-10 gives a graphical representation of the modeled releases described above. 

 

 
Figure 2-10. Modeled Release Characteristics (Percent Occurrence) 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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The predicted surface water concentrations for 65 modeled releases exceeded the lowest COC, 

and the PDM days of exceedance for 41 modeled releases was 20 days or more. In general, 

facilities with exceedances were facilities that had higher annual release amounts. Many releases, 

but not all, were modeled using surrogate stream flows based on the industry sector. 

Concentrations calculated using surrogate stream flows could be refined with the use of site-

specific data.   

 

For indirect releasers, Lord Corp in Saegertown, PA (OES: Incorporation into Formulation), had 

the highest surface water concentrations (both maximum days of release and 20 days of release 

scenarios). The annual release at this facility was the highest of all active releasers, and generally 

was an order of magnitude higher than all other releases. Stream flows for the receiving facility 

(EQ DETROIT INC, as determined from TRI) was not available in E-FAST (U.S. EPA, 2014b) 

and therefore the indirect release was modeled using a surrogate industry sector (SIC Code 

Option).  

 

For direct releasers, GM Components Holdings LLC in Lockport, NY (OES: OTVD), had the 

highest surface water concentrations (both maximum days of release and 20 days of release 

scenarios). This facility had an annual release amount significantly lower than Lord Corp in 

Saegertown, PA described above, but was modeled using site-specific stream flow data for a 

free-flowing waterbody. A detailed summary table by facility is provided in the supplemental file 

ñRisk Evaluation for PCE Data Extraction for Consumer and General Population Exposure 

Monitoring Studies.ò 

 Monitored Surface Water Concentrations 

 Measured Surface Water Concentrations from WQX/WQP  

A summary of the WQX data obtained from the WQP is provided in Table 2-11 below for years 

2013-2017. Per year, the cleansed datasets evaluated contained between 171 and 512 surface 

water samples collected from 89 to 193 unique monitoring stations. Detection frequencies were 

low, ranging from 5.5E-01 to 7.6%. Concentrations ranged from not detected (ND; <2.6E-02 to 

5) to 9.2E-02 µg/L in 2013, ND (<2.2E-02 to 5) to 1.6 µg/L in 2014, ND (<3.4E-02 to 1.8) to 

3.2E-02 µg/L in 2015, ND (<2.8E-02 to 5) to 5.2E-02 µg/L in 2016, and ND (<3.6E-02 to 5) to 

6.2E-01 µg/L in 2017. The temporal trend based on the average and maximum concentrations of 

all samples is graphically presented in Figure 2-11. A peak was observed in 2014, however 

caution should be used in interpreting trends with this data due to the small number of samples 

and the lack of samples collected from the same sites over multiple years. 
 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/6311122
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/6311122
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Table 2-11. Measured Concentrations of PCE in Surface Water Obtained from the Water 

Quality Portal: 2013-201713 

Year 

Detection 

Frequency 

Concentration in All Samples (µg/L) 

Concentrations (µg/L) in Only 

Samples Above the Detection Limit 

No. of 

Samples 

(No. of 

Unique 

Stations) Range14  

Average ± 

Standard 

Deviation 

(SD)  

No. of 

Samples 

(No. of 

Unique 

Stations) Range 

Average ± 

SD15  

2013 
0.5% 366 (172) 

ND (2.6E-02 to 5) 

to 9.2E-02 

2.3E-01 ± 

5.8E-01 2 (2) 

7.2E-02 to 

9.2E-02 

8.2E-02 ± 

1.4E-02 

2014 
7.6% 512 (193) 

ND (2.2E-02 to 5) 

to 1.6 

1.9E-01 ± 

5.0E-01 39 (19) 

1.1E-02 to 

1.6 

2.0E-01 ± 

3.5E-01 

2015 
1.7% 347 (166) 

ND (3.4E-02 to 

1.8) to 3.2E-02 

2.0E-01 ± 

1.7E-01 6 (2) 

1.7E-02 to 

3.2E-02 

2.5E-02 ± 

6.0E-03 

2016 
3.5% 201 (91) 

ND (2.8E-02 to 5) 

to 5.2E-02 

2.9E-01 ± 

7.6E-01 7 (4) 

1.4E-02 to 

5.2E-01 

2.9E-02 ± 

1.3E-02 

2017 
5.9% 171 (89) 

ND (3.6E-02 to 5) 

to 6.2E-01 

3.4E-01 ± 

7.5E-01 10 (5) 

1.8E-02 to 

6.2E-01 

2.4E-01 ± 

2.6E-01 

All 5 

Years 4.0% 1597 (454) 

ND (2.2E-02 to 5) 

to 1.6 

2.3E-01 ± 

5.5E-01 64 (27) 

1.1E-01 to 

1.6 

1.7E-01 ± 

2.9E-01 

 

 
13 Data were downloaded from the Water Quality Portal ((Nwqmc, 2017), www.waterqualitydata.us) on 

10/3/2018 by selecting ñTetrachloroethene (NWIS, STORET)ò for the Characteristic. Results were reviewed and 

filtered to obtain a cleansed dataset (i.e., samples/sites were eliminated if identified as estimated, quality control, 

media type other than surface water, Superfund, landfill, failed laboratory quality control, etc.).  
14 ND = Not Detected. Reported detection limits varied between samples, as shown in parentheses.  
15 Calculations were performed using ½ the reported detection limit when results were reported as not detected. If a 

detection limit was not provided, calculations were performed using ½ the average of the reported detection limits in 

all samples (average = 0.3 µg/L). 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827244
http://www.waterqualitydata.us/
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Figure 2-11. Temporal WQX Sampling and Surface Water Concentration Trends: 2013 - 

2017 

 

The quantitative ecological assessment used the 2016 data set only. For the 2016 data, only 7 

samples from 4 monitoring sites (all in Tennessee) had PCE concentrations above the detection 

limit. The concentrations ranged from 1.4E-02 to 5.2E-02 µg/L, which are below the lowest 

COC of 1.4 µg/L. 

 

Only one sample in the 2013-2017 dataset (Sample ID nwisnc.01.01400387) had a concentration 

that exceeded the lowest COC of 1.4 µg/L. This sample was collected in 2014 from Marsh Creek 

near New Hope, NC (Site ID USGS-0208732885) and had a concentration of 1.6 µg/L. The 

sample site was not co-located with any 2016 active releaser facility. 

 

EPA performed a comparative trend analysis of environmental releases from 2015 to 2017 to 

assess the differences in environmental releases between each year. EPA determined that, 2016 

(the selected data year), had a total of 137 reported environmental releases which was near the 

average number of releases (approximately 139) within this 3-year period. In 2016, there was 

130 unique sites compared to 121 unique sites in 2015 and 148 unique sites in 2017. The number 

of sites with exceedance for 20 days of release did not differ significantly between the three-year 

period and was 36 in 2016 compared to 38 in 2015 and 2017. The number of sites with 

exceedance for 250 days of release did not differ significantly between the three-year and was 25 

in 2016 compared to 23 in 2015 and 26 in 2017. In general, EPA determined that the 

environmental release data points did not differ significantly from 2015 and 2017, and in some 

cases 2016 data was close to the median or mean data points from 2015 to 2017. As a result, 

2016 was selected as the data year for environmental releases of PCE. 

 Characterization of WQP Data 

The original dataset downloaded contained 7,661 samples for years 2013 through 2017. 

Following the filtering and cleansing procedure, only 21% of the samples remained (n = 1,604). 

The majority of the samples (94%) were excluded because they were an off-topic media (i.e., 

groundwater, artificial, bulk deposition, leachate, municipal waste, or stormwater) or location 
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type (i.e., landfill, subsurface, spring, or well). A smaller number of samples were excluded 

because they were quality control samples (~2%), estimated values (~1%), or had other quality 

control issues (<1%). Samples associated with one Superfund site (Palermo Wellfield Superfund 

Site) were also excluded. 

 

For the 2016 cleansed dataset (n = 201 samples), observations were made in 19 states/territories 

(AZ, IN, KS, LA, MD, MI, MN, MO, NJ, NM, NY, OH, OR, PA, PR, TN, TX, UT, and WI) at 

91 unique monitoring sites, with 1 to 6 samples collected per sampling site. On a watershed 

level, observations were made in 47 HUC-8 areas and 68 HUC-12 areas. The majority of HUCs 

had only one monitoring site (68% for HUC-8; 78% for HUC-12). Up to 9 sites were present in a 

HUC-8 and up to 4 sites in a HUC-12. A list of individual HUCs, including the number of 

monitoring sites and samples in each HUC, is provided in Appendix E, Table_Apx E-2 for HUC-

8 and Table_Apx E-3 for HUC-12. 

 

An analysis of the 2016 cleansed dataset was also conducted to determine if any monitoring 

station may be associated with Superfund sites that could be contributing to PCE releases, and 

thus would not fall under the scope of this TSCA risk evaluation. For samples with 

concentrations above the detection limit, there are four monitoring stations within 5 miles of a 

Superfund site. However, there is no hydrologic connectivity as all four are located in a HUC 

that is adjacent to the superfund site and not in the same HUC itself. For monitoring stations that 

were also co-located in the same HUC as a facility, a search was also conducted for Superfund 

sites within 1 mile. There are two co-located monitoring stations within one mile of a superfund 

site: USGS-04092750 and USGS-04095090. While USGS-04092750 is found in the same HUC 

as a facility it is on a separate portion of the stream network from the facility. The other station 

USGS-04095090, is however immediately downstream of a superfund site and is closer to it 

(0.24 miles away) than it is to the upstream facility (2.3 miles away). Concentrations at this site 

were not detected (sampled in 2015-2017). No monitoring data from WQP was excluded based 

on proximity to a Superfund site through this analysis.  

 Measured Concentrations of PCE from Published Literature 

EPAôs review of published literature yielded only a minimal amount of surface water monitoring 

data for PCE in the U.S.; a summary of the individual studies is provided in Table 2-12. Only 

three studies were identified ((USGS, 2006), (USGS, 2003), and (Singh et al., 1983)), which 

encompassed 416 surface water samples collected from rivers and oceans between 1979 and 

2001. The reported concentrations of PCE ranged from below the detection limit (1.0E-04 to 0.2) 

to 5.5 µg/L, with reported central tendency values ranging from <0.2 to 0.7 µg/L. The overall 

detection frequency is a maximum of approximately 12%. The maximum concentration was 

collected during a large nationwide survey of surface water for drinking water sources (rivers 

and reservoirs) between 1999 and 2000 (USGS, 2006)), in which PCE was only detected in 3 of 

375 samples. The next highest reported concentration was only 2.8E-03 µg/L, from a sample 

collected in the Eastern Pacific Ocean in 1979-1981 (Singh et al., 1983).  

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3975042
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3975046
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=29192
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3975042
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=29192
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Table 2-12. Levels of PCE in U.S. Surface Water from Published Literature 

Country  
Site 

Information  

Date 

Sampled 

N (Detection 

Frequency) 

Concentration (µg/L) 

HERO/ 

Source 

Data 

Quality 

Score Range  

Central 

Tendency 

(±SD) 

United 

States 

Anchorage, 

AK; Chester 

Creek (6 urban 

sampling sites) 

1998-

2001 
11 (0) All ND (<0.2)  3975042 Medium 

United 

States 

Nation-wide; 

Surface water 

for drinking 

water sources 

(rivers and 

reservoirs) 

1999-

2000 

375 (8.0E-

03) 

ND 

(<0.2)ï 

5.5 

NR 3975046 Medium 

United 

States 

Eastern Pacific 

Ocean 

(California, US 

to Valparaiso, 

Chile) 

1979-

1981 
30 (0.9) 

ND 

(<1.0E-

04) ï 

2.8E-03 

Mean: 0.7 

(7.0E-04); 

Median: 

4.0E-04 

29192 Medium 

NR = Not reported 

ND = Not detected; detection limit reported in parentheses, if available. 

 Geospatial Analysis Comparing Predicted and Measured Surface Water 

Concentrations 

A geospatial analysis at the watershed level (HUC-8 and HUC-12) was conducted to compare 

the measured and predicted surface water concentrations in 2016 and investigate if the facility 

releases may be associated with the observed concentrations in surface water. A geographic 

distribution of the concentrations can be found in Figure 4-3 and Figure 4-4 (east and west US, 

respectively) for the maximum days of release scenario, and in Figure 4-5 and Figure 4-6 (east 

and west US, respectively) for the 20-days of release scenario. Overall, there are 33 U.S. 

states/territories with either a measured concentration or a predicted concentration; at the 

watershed level, there are 109 HUC-8 areas and 149 HUC-12 areas with either measured or 

predicted concentrations. Appendix E Table_Apx E-2 and Table_Apx E-3 provides a list of 

states/territories with facility releases (as mapped) and/or monitoring sites. 
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 Co-location of PCE Releasing Facilities and Monitoring Stations 

The co-occurrence of PCE releasing facilities and monitoring stations in a HUC is shown in 

Figure 2-12 (Little Arkansas and Rush-vermillion) and Figure 2-13 (Little Calument-Galien and 

Lower Grand). There are four HUC-8 areas that have both measured and predicted 

concentrations. As the measured concentrations were below the detection limit and the number 

of samples collected was small, definitive conclusions could not be drawn on possible 

associations between measured concentrations in surface water and predicted concentrations 

from facility releases. The co-located facilities and monitoring stations are briefly described 

below and summarized in Table 2-13.  

A. HUC 11030012 (Little Arkansas in Kansas) has one facility with modeled 7Q10 surface 

water concentrations ranging from 4.4E-02 to 6.6E-01 ppb, and 7 monitoring stations all 

with concentrations less than the reported detection limit (<0.1 ppb). The monitoring 

stations are over 20 miles downstream of the facility or are neither up nor downstream of 

the facility. 

 

B. HUC 07040001 (Rush-Vermillion in Minnesota) has one facility with modeled 7Q10 

surface water concentrations ranging from 2.8E-03 to 5.6E-02 ppb, and 1 monitoring 

station with a non-detect concentration (<0.1 ppb) that is located approximately 20 miles 

downstream of the facility. 

 

C. HUC 04040001 (Little Calumet-Galien in Indiana) has one receiving facility with 

concentrations ranging from 0.1 to 1.7 ppb, and two monitoring stations with non-detect 

concentrations (<0.1 ppb). The monitoring stations are either over 2 miles downstream 

of the facility, or neither up nor downstream of the facility. It should be noted however, 

that a modeled receiving facility (East Chicago Municipal Sewage Treatment Plant; FRS 

110006645531) is located just outside of the HUC on the south side. Monitoring site 

USGS-04092750 is located on a canal/ditch north of the facility; based on NHD water 

flows south from the monitoring site toward the facility. 

 

D. HUC 04050006 (Lower Grand in Michigan), has one receiving facility with 

concentrations ranging from 0.1 to 1.0 ppb, and one monitoring station with non-detect 

concentrations (<0.1 ppb). 
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Figure 2-12. Co-Location of PCE Releasing Facilities and WQX Monitoring Stations at the 

HUC 8 and HUC 12 Level 
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Figure 2-13. Co-Location of PCE Releasing Facilities and WQX Monitoring Stations at the 

HUC 8 and HUC 12 Level 
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Table 2-13. Co-Location of Facility Releases and Monitoring Sites within HUC 8 and HUC 

12 Boundaries (2016) 

Map HUC 8 

Facilities in HUC Monitoring Sites in HUC 

Site  

(Name, Location, FRS) 

Modeled 7Q10 

Surface Water 

Concentrationsa 

(µg/L) 

Monitoring Site ID  
No. of 

Samples 

Measured 

Surface Water 

Concentrations 

(µg/L) 

Location 

Relative to 

Facility b 

(Miles) 

A 

11030012 

Little 

Arkansas 

CHS McPherson Refinery 

McPherson, KS 

(FRS 110015862440) 

300 days: 0.0441 

20 days: 0.66 

USGS-07143672 4 <0.1 (all) Downstream/23.1 

USGS-07144100 4 <0.1 (all) Downstream/34.7 

USGS-375338097290800 2 <0.1 (all) Downstream/33.5 

USGS-375348097262800 2 <0.1 (all) Downstream/33.5 

USGS-375338097290800 2 <0.1 (all) Neither/42.9 

B 

07040001 

Rush-

Vermillion 

Flint Hills Resources Pine 

Bend LLC Rosemount, MN  

(FRS 110000424611) 

350 days:0.00331 

20 days: 0.0566 
USGS-443840092400301 1 <0.16 Downstream/20.3 

C 

04040001 

Little 

Calumet-

Galien 

Tradebe Treatment & 

Recycling LLC 

East Chicago, IN 

(FRS 110000397874)   

 

Receiving Facility  

(modeled site): 

Advanced Waste Services of 

Indiana LLC/Covanta 

Environmental Solutions LLC  

Portage, IN   

(FRS 110020159852) 

250 days: 0.0841 

20 days: 1.05 

USGS-04095090c 1 <0.16 Downstream/2.3 

USGS-04092750d 4 <0.16 (all) Neither/14.5 

D 

04050006 

Lower 

Grand 

Piano Factory-Grand Haven 

Grand Haven, MI  

(FRS 110006739832) 

260 days: 0.0797 

20 days: 1.04 
USGS-04119400 4 <0.16 (all) Upstream/10.8 

a Concentrations above the COC of 50 µg/L are shown in bold. Concentrations leading to modeled days of 

exceedance Ó20 days are indicated by an asterisks (*). 
b The number of miles between the facility and monitoring site are based on Euclidean distance. 
c The HUC 8 co-located facility and monitoring station are also in the same HUC 12 (040400010509; Willow 

Creek-Burns Ditch).  
d The East Chicago Municipal Sewage Treatment Plant (FRS 110006645531), which receives wastewater from 

Safety Kleen Systems, Inc. in East Chicago, IN is not located in the HUC, but is located just south of the HUC, 

near monitoring site USGS-04092750. This monitoring site is located on a canal/ditch, and according to NHD, 

the water flows south from the monitoring site toward the facility. 

 Assumptions and Key Sources of Uncertainty for 

Environmental Exposures 

The WQP Tools contains data from USGS NWIS and STORET databases, and is one of the 

largest environmental monitoring databases in the U.S. (Nwqmc, 2017); however, 

comprehensive information needed for data interpretation is not always reasonably available. In 

some instances, proprietary information may be withheld, or specific details regarding analytical 

techniques may be unclear, or not reported at all. As a result of all of these shortcomings, there 

are uncertainties in the reported data that are difficult to quantify with regard to impacts on 

exposure estimates. 

 

The quality of the data provided in the USGS NWIS and STORET datasets varies, and some of 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827244
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the information provided is non quantitative. While a large number of individual sampling 

results were obtained from these datasets, the monitoring studies used to collect the data were 

not necessarily specifically designed to evaluate PCE distribution across the U.S. The available 

data represent a variety of discrete locations and time periods; therefore, it is uncertain whether 

the reported data are representative of all possible nationwide conditions. Nevertheless, these 

limitations do not diminish the overall findings reported in this assessment that exposure data 

showed very few instances (i.e., less than 0.01 percent) where measured PCE levels in the 

ambient environment exceeded the identified concentrations of concern for water or organisms 

(1.4 ppb). It is also important to note that only a few USGS NWIS and STORET monitoring 

stations aligned with the watersheds of the PCE releasing facilities identified under the scope of 

this assessment, and the co-located monitoring stations had samples with concentrations below 

the detection limit; therefore, no direct correlation can be made between them. Generating co-

located instream measurements with known discharging facilities would improve the 

characterization of instream concentrations of PCE in the environment and enhance modeled 

results.   
 

The DMR, TRI and CDR databases represent comprehensive sources of environmental release 

data for the US; however, there are limitations and assumptions involved. These data are self-

reported by facilities and subject to minimum reporting thresholds; therefore, they may not 

capture releases from smaller facilities (i.e., environmental releases may be underestimated). 

Some of the reported information may be inaccurate because it reflects approximations rather 

than actual emissions or release data. TRI is based on mass balances and emission factors, 

whereas DMR is based on representative pollutant monitoring data at facility outfalls (mg/L) and 

corresponding wastewater discharge (million gallons per day). The assumed maximum days per 

year of release from each facility is uncertain and may in some cases lead to underestimation of 

daily release rates.  
 

Use of release information from facility data used to estimate environmental exposures is 

constrained by a number of uncertainties including: the heterogeneity of processes and releases 

among facilities grouped within a given sector; assumptions made regarding sector definitions 

used to select facilities covered under the scope; and fluctuations in the level of production and 

associated environmental releases incurred as a result of changes in standard operating 

procedures. Uncertainty may also arise from omissions in the reporting data, such as sectors that 

are not required to report, facilities that fall below the reporting threshold, or facilities for which 

forms simply are not filed.  

 

A major limitation associated with use of the E FAST 2014 (U.S. EPA, 2014b) model relates to 

the assumptions made regarding missing information that was required for model input, such as 

site-specific stream flow data. When site-specific or surrogate site-specific stream flow data were 

not available, flow data based on a representative industry sector was used in the assessment. 

This includes cases where a receiving facility for an indirect release could not be determined.  

 

The E-FAST model uses several physical-chemical and fate properties as estimated inputs (i.e.,  

bioconcentration factor, removal in wastewater treatment, groundwater migration, etc.). The 

inputs for the Mackay fugacity model include degradation half-lives in environmental media, 

emission rates, organic carbon partition coefficient (KOC), melting point, etc. Since these inputs 

are estimation, there may be associated errors. Due to the differences among study conditions, 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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generating confidence intervals for each physical-chemical and fate property would be very 

complex or even impossible, because EPA does not have a full extracted dataset of physical-

chemical properties and there are broad differences in fate study conditions. However, the range 

and quality of available data were considered in the fate and exposure assessment of PCE. 
 

The E-FAST model does not consider volatilization of PCE; and, for static water bodies, E-

FAST doesnôt take dilution into consideration. Therefore, in some ways the E-FAST estimates 

are overestimating exposure, because PCE is a volatile chemical.   
 

Additionally, the data currently available in E-FAST 2014 (U.S. EPA, 2014b) are 15 to 30 years 

old. Although stream conditions do change over time, changes in the flow values are not 

expected to be drastic. More recent flow data are available through the National Hydrological 

Dataset (NHD). It is important to note however, that these limitations are unlikely to change the 

stated conclusions of this assessment because they are based on a series of conservative 

assumptions that likely overestimate exposure potential. 
 

With respect to the geospatial analysis, a limitation is the accuracy of the latitudes and 

longitudes. The geographic coordinates for facilities were obtained from the FRS Interests 

geodatabase, which are assigned through various methods including photo-interpretation, address 

matching, and GPS. These are considered ñBest Pickò coordinates. While EPA does assign 

accuracy values for each record based on the method used, the true accuracy of any individual 

point is unknown. Also, in some cases the receiving facilities for indirect releases could not be 

determined. In these cases, the location of the active releaser was mapped. As such, the co-

location of facilities and monitoring sites may have been missed. As the number of unknown 

receiving facilities was small and most monitoring sites had samples with concentrations below 

the detection limit, this would have minimal impact on the watershed analysis. 

 Confidence in Aquatic Exposure Scenarios 

Confidence ratings for aquatic exposure scenarios are informed by uncertainties surrounding inputs 

and approaches used in modeling surface water concentrations. In Section 2.2.1.1, confidence ratings 

are assigned to these estimated daily releases (kg/site-day) on a per occupational exposure scenario 

(OES) basis and primarily reflect moderate confidence (one OES shows high confidence for this 

estimate). These release estimates serve as the key exposure model inputs and are, therefore, an 

essential component of the overall aquatic exposure scenario confidence.  
 

Other considerations that impact confidence in the aquatic exposure scenarios include the model 

used E-FAST 2014, (U.S. EPA, 2014b) and its associated default and user-selected values and 

related uncertainties. As described in Section 2.3.4.3, there are uncertainties related to the ability of 

E-FAST 2014 (U.S. EPA, 2014b) to incorporate downstream fate and transport; the likely number of 

release days from given discharging facilities; and, in some cases (i.e., when the NPDES for the 

discharging facility cannot be found within the E-FAST database), the applied stream flow 

distribution.  
 

There are monitoring data available in surface water that reflect both near-facility and ambient (i.e., 

background) exposure levels in this media in the United States. Data from the open literature and the 

Water Quality Portal database reported background levels of PCE in surface water that ranged from 

non-detect (ND) to 310 µg/L.  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4565445
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 Human Exposures 
EPA evaluated acute and chronic exposures to workers by dermal and inhalation routes and 

occupational non-users (ONUs) by inhalation routes in association with PCE use in industrial and 

commercial applications. EPA also evaluated acute exposures to consumers by dermal and 

inhalation routes in association with PCE use in consumer applications. The assessed conditions of 

use are described above in Table 1-4; however, due to expected similarities in or lack of data to 

distinguish some conditions of use, both exposures/releases and occupational and consumer 

exposures for several of the subcategories of use in Table 1-4 were grouped and assessed together 

during risk evaluation. For example, subcategories for intermediate uses in industrial gas 

manufacturing, basic organic chemical manufacturing, and petroleum refineries may generally have 

similar worker activities, and EPA does not have data to distinguish whether workers are exposed 

differently for these subcategories. Therefore, EPA has grouped these intermediate conditions of use 

into one occupational scenario. A crosswalk of the conditions of use in Table 1-4 to the occupational 

and consumer scenarios assessed in this report is provided in Table 2-14 below. Table 2-14 also 

includes a crosswalk to the condition of use titles used in the supplemental file: Supplemental 

Information Risk Calculator for Occupational Exposures. The Supplemental Information Risk 

Calculator for Occupational Exposures [Risk Calculator] is an interactive spreadsheet that allows a 

user to view exposure results for a selected Occupational Exposure Scenario (OES) including 

exploring how risks change from the use of various degrees of PPE (i.e., respirator assigned 

protection factor (APF) or glove protection factor (PF)). The user can select the desired OES, PPE 

options and for dermal exposures the worker type (either an average adult or a female of 

reproductive age) from a drop-down menu and see how risks change for the various human health 

hazards associated with PCE (see Section 3.2 for discussion of human health hazards). 
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Table 2-14. Crosswalk of Subcategories of Use Listed in Table 1-4 to Occupational Exposure Scenarios Assessed in the Risk 

Evaluation  

Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Manufacture Domestic 

manufacture 

Domestic manufacture Section 2.4.1.6ï 

Manufacturing 

Manufacturing N/A 

Import Import Section 2.4.1.7 ï 

Repackagingc 

Repackaging N/A 

Processing Processing as a 

reactant/ 

intermediate 

Intermediate in industrial 

gas manufacturing 

Section 2.4.1.8 ï 

Processing as a 

Reactant 

 

Processing as 

Reactant/ 

Intermediate 

N/A 

Intermediate in basic 

organic chemical 

manufacturing 

Intermediate in petroleum 

refineries 

Reactant Use 

Incorporated 

into 

formulation 

mixture or 

reaction 

product 

Cleaning and degreasing 

products 

Section 2.4.1.9 ï 

Incorporation into 

Formulation, 

Mixture, or Reactant 

Product 

Incorporation into 

Formulation - 

Degreasing Solvent; 

Incorporation into 

Formulation - Dry 

Cleaning Solvent; 

N/A 

Adhesive and sealant 

products 

Incorporation into 

Formulation - 

Degreasing Solvent; 

Incorporation into 

Formulation - 

Miscellaneous 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Paint and coating products Incorporation into 

Formulation - 

Degreasing Solvent; 

Incorporation into 

Formulation - 

Miscellaneous 

 Other chemical products 

and preparations 

Incorporation into 

Formulation - 

Aerosol Packing; 

 

Repackagingc Solvent for cleaning or 

degreasing 

Section 2.4.1.7ï

Repackaging  

 

Repackaging N/A 

Intermediate 

Recycling Recycling Section 2.4.1.26ï 

Waste Handling, 

Disposal, Treatment, 

and Recycling 

Disposal/Recycling N/A 

Distribution in commerce Distribution Distribution Activities related to 

distribution (e.g., 

loading, unloading) 

are considered 

throughout the life 

cycle, rather than 

using a single 

distribution 

scenario. 

N/A N/A 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Industrial use Solvents (for 

cleaning or 

degreasing) 

Solvents and/or Degreasers 

(cold, aerosol spray or 

vapor degreaser; not 

specified in comment) 

See sections for 

specified degreasing 

and cleaning 

operations. 

See sections for 

specified degreasing 

and cleaning 

operations. 

N/A 

Batch vapor degreaser 

(e.g., open-top, closed-

loop) 

Section 2.4.1.10ï 

Batch Open-Top 

Vapor Degreasing; 

Section 2.4.1.11ï 

Batch Closed-Loop 

Vapor Degreasing 

Open-top Vapor 

Degreasing; 

Closed Loop Vapor 

Degreasing 

In-line vapor degreaser 

(e.g., conveyorized, web 

cleaner) 

Section 2.4.1.12ï 

Conveyorized Vapor 

Degreasing; 

Section 2.4.1.13ï 

Web Degreasing 

Conveyorized Vapor 

Degreasing; 

Web Degreasing 

Cold cleaner Section 2.4.1.14ï 

Cold Cleaning 

Cold Cleaning 

Aerosol spray 

degreaser/cleaner 

Section 2.4.1.15ï 

Aerosol Degreasing 

and Aerosol 

Lubricants 

Aerosol Degreasing/ 

Lubricants 

Dry cleaning solvent Section 2.4.1.16ï 

Dry Cleaning and 

Spot Cleaning 

Post-2006 Dry 

Cleaning (including 

spot cleaning); 

4th/5th Gen Only 

Dry Cleaning 

(including spot 

cleaning) 

Spot cleaner 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Lubricants and 

greases 

Lubricants and greases - 

aerosol lubricants 

Section 2.4.1.15ï 

Aerosol Degreasing 

and Aerosol 

Lubricants; 

Aerosol Degreasing/ 

Lubricants; 

 

N/A 

 

Lubricants and greases - 

penetrating lubricants, 

cutting tool coolants 

Section 2.4.1.20ï 

Metalworking Fluids 

Metalworking Fluid N/A 

Adhesives and 

sealants  

 

Solvent-based adhesives 

and sealants 

Section 2.4.1.17ï 

Adhesive, Sealants, 

Paints, and Coatings 

Adhesives 

 

N/A 

 

Paints and 

coatings 

including paint 

and coating 

removers 

Solvent-based paints and 

coatings, including for 

chemical milling 

Section 2.4.1.17 ï 

Adhesive, Sealants, 

Paints, and 

Coatings; 

Section 2.4.1.18ï 

Maskant for 

Chemical Milling 

Paints/Coatings; 

Chemical Maskant 

N/A 

Processing 

aids, not 

otherwise listed 

Pesticide, fertilizer and 

other agricultural chemical 

manufacturing 

Section 2.4.1.19ï 

Industrial Processing 

Aid 

Industrial Processing 

Aid 

N/A 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Processing 

aids, specific to 

petroleum 

production 

Catalyst regeneration in 

petrochemical 

manufacturing 

Section 2.4.1.19ï 

Industrial Processing 

Aid 

Industrial Processing 

Aid 

N/A 

 

Other uses Textile processing Section 2.4.1.23ï 

Other Industrial 

Uses 

Other Industrial Uses 

ï Textile Processing  

N/A 

Wood furniture 

manufacturing 

Section 2.4.1.23ï 

Other Industrial 

Uses 

Other Industrial Uses 

ï Wood furniture 

manufacturing 

Laboratory chemicals Section 2.4.1.25ï 

Laboratory 

Chemicals 

Laboratory chemicals 

Foundry applications Section 2.4.1.23ï 

Other Industrial 

Uses 

Other Industrial Uses 

ï Foundry 

Applications 

Other DoD Uses Section 2.4.1.23ï 

Other Industrial 

Uses 

Other DOD Uses ï 

Water Pipe Repair; 

Other DOD Uses ï 

Oil Analysis 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Commercial/consumer 

use 

Cleaning and 

furniture care 

products 

Cleaners and degreasers 

(other) 

Section 2.4.1.21ï 

Wipe Cleaning and 

Metal/Stone 

Polishes; 

Section 2.4.1.22ï 

Other Spot 

Cleaning/Spot 

Removers 

(Including Carpet 

Cleaning); 

Section 2.4.1.24 ï 

Other Commercial 

Uses 

Wipe Cleaning and 

Metal/Stone Polishes; 

Other Spot 

Cleaning/Spot 

Removers (Including 

Carpet Cleaning); 

Other Commercial 

Uses - Mold Release 

Section 2.4.2.3.1- 

Aerosol 

Degreasers 

(includes: marine 

cleaner, degreaser, 

coil cleaner, 

electric motor 

cleaner, parts 

cleaner, cable 

cleaner, stainless 

steel polish, 

electrical/ 

energized cleaner, 

wire and ignition 

demoisturants, 

electric motor 

cleaner; brake 

cleaners)       

Dry cleaning solvent Section 2.4.1.16ï 

Dry Cleaning and 

Spot Cleaning 

Post-2006 Dry 

Cleaning (including 

spot cleaning); 

4th/5th Gen Only 

Dry Cleaning 

(including spot 

cleaning) 

Section 2.4.2.4- 

Dry-Cleaned 

Articles 

Spot cleaner Section 2.4.2.3.3- 

Combined under 

Aerosol Cleaner  
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Automotive care products 

(e.g., engine degreaser and 

brake cleaner) 

Section 2.4.1.15ï 

Aerosol Degreasing 

and Aerosol 

Lubricants 

Aerosol Degreasing/ 

Lubricants 

Section 2.4.2.3.1- 

Brake Cleaner 

Section 2.4.2.3.2- 

Parts Cleaner 

Aerosol cleaner Section 2.4.2.3.3- 

Mold Cleaner, 

Weld Splatter 

Protectant 

Section 2.4.2.3.4ï 

Vandalism Mark 

and Stain 

Remover 

Non-aerosol cleaner Section 2.4.1.21ï 

Wipe Cleaning and 

Metal/Stone 

Polishes 

Wipe Cleaning and 

Metal/Stone Polishes 

Section 2.4.2.3.5- 

Marble and Stone 

Polish (liquid) 

Lubricants and 

greases 

Lubricants and greases 

(e.g., penetrating 

lubricants, cutting tool 

coolants, aerosol 

lubricants) 

Section 2.4.1.15ï 

Aerosol Degreasing 

and Aerosol 

Lubricants; 

Section 2.4.1.20 ï 

Metalworking Fluids 

Aerosol Degreasing/ 

Lubricants; 

Metalworking Fluid 

Section 2.4.2.3.6-

Cutting Fluid  

Section 2.4.2.3.7- 

Spray Lubricant 

and Penetrating 

Oil 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Adhesives and 

sealant 

chemicals 

Adhesives for arts and 

crafts 

Not assessed in 

occupational settings 

ï consumer use only 

N/A Section 2.4.2.3.8-

Adhesives 

(includes 

industrial 

adhesive, arts and 

crafts adhesive, 

gun ammunition 

sealant) 

Section 2.4.2.3.9 

- Livestock 

Grooming 

Adhesive 

Light repair adhesives Section 2.4.1.17ï 

Adhesive, Sealants, 

Paints, and Coatings 

Adhesives Section 

2.4.2.3.10-

Column 

Adhesive, Caulk 

and Sealant 

Paints and 

coatings 

Solvent-based paints and 

coatings 

Section 2.4.1.17ï 

Adhesive, Sealants, 

Paints, and Coatings 

Paints/Coatings Section 

2.4.2.3.11-

Outdoor 

watershield 

(liquid) 

Section 

2.4.2.3.12-

Coatings and 

primers (aerosol) 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Section 

2.4.2.3.13-Rust 

Primer and 

Sealant (liquid) 

Section 

2.4.2.3.14-

Metallic 

Overglaze 

Other Uses Carpet cleaning Section 2.4.1.22ï 

Other Spot 

Cleaning/Spot 

Removers 

(Including Carpet 

Cleaning) 

Other Spot 

Cleaning/Spot 

Removers (Including 

Carpet Cleaning) 

Not found as 

consumer product 

Laboratory chemicals Section 2.4.1.25ï 

Laboratory 

Chemicals 

Laboratory chemicals Not assessed in 

consumer setting 

ï occupational 

use only 

Metal (e.g., stainless steel) 

and stone polishes 

Section 2.4.1.21 - 

Wipe Cleaning and 

Metal/Stone 

Polishes 

Wipe Cleaning and 

Metal/Stone Polishes 

Section 

2.4.2.3.15-Marble 

and Stone Polish 

(wax) 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Inks and ink removal 

products 

Section 2.4.1.24 ï 

Other Commercial 

Uses 

Other Commercial 

Uses - Printing 

Sections 2.4.2.5.3 

and 2.4.2.3.4-Ink 

removal 

combined under 

Aerosol Cleaner 

(vandalism and 

stain remover); 

use in printing 

inks discussed as 

ñother useò 

Weldingd Section 2.4.1.15ï 

Aerosol Degreasing 

and Aerosol 

Lubricantsb 

Aerosol Degreasing/ 

Lubricants 

Section 2.4.2.3.3-

Combined under 

Aerosol Cleaner 

(weld splatter 

protectant) 

Photographic film Section 2.4.1.24ï 

Other Commercial 

Uses 

Other Commercial 

Uses - Photographic 

Film 

Not found as 

consumer product 

Mold cleaning, release and 

protectant products 

Section 2.4.1.24 ï 

Other Commercial 

Uses 

Other Commercial 

Uses - Mold Release 

Section 2.4.2.3.3-

Combined under 

Aerosol Cleaner 

(mold cleaner) 

Disposale Disposal 

 

Industrial pre-treatment Section 2.4.1.26 - 

Waste Handling, 

Disposal, Treatment 

and Recycling 

 

Process Solvent 

Recycling and 

Worker Handling of 

Wastes 

N/A 

Industrial wastewater 

treatment 
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Life Cycle Stage Category a Subcategory b 

Occupational 

Exposure Scenario 

(OES) 

Associated 

Condition of Use in 

Risk Calculator 

Consumer 

Exposure 

Scenario 

Publicly owned treatment 

works (POTW) 

  

Underground injection   

Municipal solid waste 

landfill 

  

Hazardous waste landfill   

Other land disposal   

Municipal waste 

incinerator 

  

Hazardous waste 

incinerator 

  

Off-site waste transfer   

Off-site waste transfer   
a These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, and broadly represent conditions of use of PCE in industrial and/or 

commercial settings. 
b These subcategories reflect more specific uses of PCE. 
c The repackaging scenario covers only those sites that purchase PCE or PCE containing products from domestic and/or foreign suppliers and repackage the PCE from 

bulk containers into smaller containers for resale. Sites that import and directly process/use PCE are assessed in the relevant condition of use. Sites that import and either 

directly ship to a customer site for processing or use or warehouse the imported PCE and then ship to customers without repackaging are assumed to have no exposures or 

releases and only the processing/use of PCE at the customer sites are assessed in the relevant conditions of use.  
d Identified welding products were anti-spatter aerosol products; therefore, the assessment is included with the assessment of other aerosol products. 
e Each of the conditions of use of PCE may generate waste streams of the chemical that are collected and transported to third-party sites for disposal, treatment, or 

recycling. Industrial sites that treat, dispose, or directly discharge onsite wastes that they themselves generate are assessed in each condition of use assessment. This 

section only assesses wastes of PCE that are generated during a condition of use and sent to a third-party site for treatment, disposal, or recycling. 
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 Occupational Exposures 

The following subsections describe EPAôs approach to assessing occupational exposures and results for 

each condition of use assessed. For additional details on development of approaches and results refer to 

the Environmental Releases and Occupational Exposure Assessment (Supplemental Engineering Report) 

(U.S. EPA, 2020d). 

 Approach to Workers and Occupational Non-Users 

As described in the Problem Formulation of the Risk Evaluation for Perchloroethylene (Ethene, 1,1,2,2-

Tetrachloro) (U.S. EPA, 2018d), for each condition of use, EPA endeavors to distinguish exposures for 

workers and occupational non-users (ONUs). Normally, a primary difference between workers and 

ONUs is that workers may handle PCE and have direct contact with the chemical, while ONUs are 

working in the general vicinity of workers but do not handle PCE and do not have direct contact with 

PCE being handled by the workers. The size of the area that ONUs may work can vary across each OES 

and across facilities within the same OES and will depend on the facility configuration, building and 

room sizes, presence of vapor barrier, and worker activity pattern. For example, an ONU can be a 

production employee whose workstation is located on the factory floor where a degreasing unit is 

installed. Absence of any vapor barrier (e.g., walls) between the degreaser and the rest of the factory, 

this ñareaò can be an entire factory floor. Alternately, the area can be in a specific room of a building 

where a chemical is handled (e.g., a room in a dry cleaning shop where the dry cleaning machine is 

installed and where dry-cleaned loads are unloaded, pressed, and finished). Where possible, for each 

condition of use, EPA identified job types and categories for workers and ONUs. 

 

EPA evaluated inhalation exposures to workers and ONUs, and dermal exposures to workers. EPA did 

not assess dermal exposures to ONUs as EPA does not expect ONUs to have routine dermal exposures 

in the course of their work. Depending on the condition of use, ONUs may have incidental dermal 

exposures due to surface contamination. However, data (e.g., frequency and amount of liquid on the skin 

after contact) were not identified to assess this exposure. 

 Number of Workers and Occupational Non-Users Approach and 

Methodology  

Where available, EPA used CDR data to provide a basis to estimate the number of workers and ONUs. 

EPA supplemented the available CDR data using available market data; NAICS and SIC code data from 

TRI, DMR, and NEI sites identified for each condition of use (for number of sites estimated see Section 

2.2.1.2.2); and analyzing Bureau of Labor Statistics (BLS) and U.S. Census data using the methodology 

described in the Environmental Releases and Occupational Exposure Assessment (Supplemental 

Engineering Report) (U.S. EPA, 2020d). Where market penetration data and site-specific NAICS/SIC 

codes from TRI/DMR/NEI were not available, EPA estimated the number of workers using data from 

Generic Scenarios (GSs) and Emission Scenario Documents (ESDs). For additional details on 

development of estimates of number of workers refer to Appendix A in the Environmental Releases and 

Occupational Exposure Assessment (Supplemental Engineering Report) (U.S. EPA, 2020d). 

 

Table 2-15 presents the confidence rating of data that EPA used to estimate number of sites and workers. 

 

  

https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085618
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
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Table 2-15. Data Evaluation of Sources Containing Number of Worker Estimates 

Source Reference Data Type Data Quality Rating Condition(s) of Use 

(U.S. EPA, 2016d) Number of Workers High Manufacturing 

(U.S. BLS, 2016) Number of Workers High Manufacturing; Repackaging; 

Processing as a Reactant; 

Incorporation into Formulation, 

Mixture, or Reaction Product; 

Cold Cleaning; Aerosol 

Degreasing and Aerosol 

Lubricants; Dry Cleaning and Spot 

Cleaning; Adhesives, Sealants, 

Paints, and Coatings; Chemical 

Maskants; Industrial Processing 

Aid; Other Industrial Uses; 

Laboratory Chemicals; Waste 

Handling, Disposal, Treatment, 

and Recycling 

(U.S. Census Bureau, 

2015)  
Number of Workers High 

(OECD, 2017a) Number of Workers N/A ï ESD 

Open-Top Vapor Degreasing, 

Closed-Loop Vapor Degreasing, 

Conveyorized Vapor Degreasing, 

Web Degreasing 

(A. C. Products, 

2017) 
Number of Workers High Maskants for Chemical Milling 

(Spirit AeroSystems, 

2020) 
Number of Workers High Maskants for Chemical Milling 

(OECD, 2011) Number of Workers N/A ï ESD Metalworking Fluids 

(OECD, 2017b) Number of Workers N/A ï ESD Other Spot Cleaning/Spot 

Removers (Including Carpet 

Cleaning) (U.S. EPA, 1994a) Number of Workers N/A ï GS 

(CARB, 2000) 
Market Penetration 

Data 
High 

Aerosol Degreasing and Aerosol 

Lubricants 

(DLI/NCA, 2017) 
Market Penetration 

Data 
High Dry Cleaning 

 Inhalation Exposures Approach and Methodology 

To assess inhalation exposure, EPA reviewed exposure monitoring data identified through the 

systematic review process (described in Section 1.5) and monitoring data provided to EPA by other 

government agencies (e.g., OSHA and DOD) and mapped them to specific conditions of use. 

Monitoring data used in the occupational exposure assessment include data collected by government 

agencies such as OSHA and NIOSH, and data found in published literature. For each exposure scenario 

and worker job category (ñworkerò or ñoccupational non-userò), where available, EPA provided results 

representative of central tendency and high-end exposure levels. For datasets with six or more data 

points, central tendency and high-end exposures were estimated using the 50th and 95th percentile value 

from the observed dataset, respectively. For datasets with three to five data points, the central tendency 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079087
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097881
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097881
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099117
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176391
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176391
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983056
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983056
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827418
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3828838
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4286532
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071458
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827403
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and high-end exposures were estimated using the median and maximum values. For datasets with two 

data points, the midpoint and the maximum value were presented. Finally, datasets with only one data 

point were presented as-is. For datasets including exposure data that were reported as below the limit of 

detection (LOD), EPA estimated the exposure concentrations for these data, following EPAôs Guidelines 

for Statistical Analysis of Occupational Exposure Data (U.S. EPA, 1994b)16. A dataset comprises the 

combined exposure monitoring data from all studies applicable to that condition of use. 

 

For exposure assessment, personal breathing zone (PBZ) monitoring data were used to determine the 

time-weighted average (TWA) exposure concentration. TWA exposure concentrations are then used to 

calculate the Acute Concentration (AC) used for estimating acute risks (i.e., risks associated from a 

single day or 24-hr of exposure); Average Daily Concentrations (ADC) used for estimating chronic, 

non-cancer risks; and Lifetime Average Daily Concentration (LADC) used for estimating chronic cancer 

risks. AC, ADC, and LADC are calculated using the approach and equations described in Appendix B 

and C of the Environmental Releases and Occupational Exposure Assessment (Supplemental 

Engineering Report) (U.S. EPA, 2020d). Table 2-16 presents the data quality rating of monitoring data 

that EPA used to assess occupational exposures. EPA evaluated monitoring data using the evaluation 

strategies laid out in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018b). 

All exposure monitoring data used in the assessment have a ñhighò or ñmediumò confidence rating. 

 

EPA also presented TWA concentrations based on shorter averaging times (e.g., 15-min, 30-min, 1-hr, 

and 4-hr) in addition to full-shift (either 8- or 12-hour) TWAs for several conditions of use. Although 

short-term exposures can be considered ñacute exposuresò, they differ from the AC in that they are not 

representative of a full-dayôs exposure but, rather, represent exposures for a partial shift or single 

exposure activity. Short-term data are not used in assessing risks as health data were not reasonably 

available for shorter durations. AC, ADC, and LADC values are only calculated based on the full -shift 

(8- or 12-hr TWAs) as full-shift data represent the closest approximation to a workerôs exposure for a 

full day (i.e., 24-hr), assuming no exposure once the worker leaves the job site. The full-shift exposure 

results can then be averaged over 24 hours, working years, or lifetime years to estimate AC, ADC, and 

LADC, respectively. Short-term data may not be representative of a full dayôs exposure, thus, 

underestimating AC, ADC, and LADC results. Short-term TWAs are only presented for context where 

data were available to do so as EPAôs primary concern for this assessment were full-shift exposures. 

Therefore, no effort was made to estimate shorter-term exposure values where data were not reasonably 

available. 

 

For several conditions of use, EPA modeled exposure in occupational settings. The models were used to 

either supplement existing exposure monitoring data or to provide exposure estimates where measured 

data are unavailable. The use of modeling to supplement existing exposure monitoring data was 

primarily used to aid EPAôs understanding of the monitoring dataôs representativeness of actual 

exposures within the condition of use. For example, where model results and monitoring data are 

similar, it helps corroborate the representativeness of the data to actual exposures. When determining 

unreasonable risks for scenarios with both monitoring data and modeling, EPA generally uses 

monitoring data results over modeling unless the data quality score for the monitoring data is low, or 

there were limited number of data points for the scenario such that the representativeness of the data is 

limited. Where measured monitoring data and models were not available, EPA estimated exposures 

using values from GSs and ESDs.  

 
16 Using the 

Ѝ
 if the geometric standard deviation of the data is less than 3.0 and  if the geometric standard deviation is 

3.0 or greater. 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4532281
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Table 2-17 provides a summary of the availability of monitoring data and models for estimating 

exposures for each OES, the number of inhalation monitoring data points (if any), the availability of 

monitoring data or models for workers and ONUs, the data quality scores of the monitoring data used in 

the assessment of each COU, and EPAôs overall confidence in the exposure estimates for each OES. 

 

Table 2-16. Data Evaluation of Sources Containing Occupational Exposure Monitoring Data 

Source Reference Data Type 
Data Quality 

Rating 
Condition of Use 

(HSIA, 2018a) 
PBZ 

Monitoring 
High Manufacturing; Processing as a Reactant 

(Dow Chem, 

1984a) 

PBZ 

Monitoring 
Medium Repackaging 

(Orris and Daniels, 

1981) 

PBZ 

Monitoring 
High 

Incorporation into Formulation, Mixture, or 

Reaction Product (Aerosol Packing Only) 

(Gorman et al., 

1984) 

PBZ 

Monitoring 
Medium Open-Top Vapor Degreasing 

(Ruhe, 1982) 
PBZ 

Monitoring 
Medium Open-Top Vapor Degreasing 

(NIOSH, 2002b) 
PBZ 

Monitoring 
High Open-Top Vapor Degreasing 

(NIOSH, 2002d) 
PBZ 

Monitoring 
High Open-Top Vapor Degreasing 

(NIOSH, 2002a) 
PBZ 

Monitoring 
High 

Open-Top Vapor Degreasing; Closed-Loop Vapor 

Degreasing 

(NIOSH, 2002c) 
PBZ 

Monitoring 
High Closed-Loop Vapor Degreasing; Cold Cleaning 

(Vulcan, 1994) 
PBZ 

Monitoring 
High Cold Cleaning 

(U.S. DOD and 

Environmental 

Health Readiness 

System - Industrial, 

2018) 

PBZ 

Monitoring 
High 

Aerosol Degreasing and Aerosol Lubricants; Dry 

Cleaning and Spot Cleaning; Adhesives, Sealants, 

Paints, and Coatings (Paints and Coatings Only); 

Chemical Maskant; Other DoD Uses 

(Cosgrove and 

Hygiene, 1994) 

PBZ 

Monitoring 
High Aerosol Degreasing and Aerosol Lubricants 

(Vulcan, 1992) 
PBZ 

Monitoring 
High Aerosol Degreasing and Aerosol Lubricants 

(Vulcan, 1993) 
PBZ 

Monitoring 
High Aerosol Degreasing and Aerosol Lubricants 

(OSHA, 2017) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5371877
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214221
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214221
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099140
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099140
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970552
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970552
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970595
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3974916
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3974920
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071461
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071453
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214376
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5178607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176394
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176394
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214357
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4213974
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827305
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(NIOSH, 1995) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(Burroughs, 1999a) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(Burroughs, 1999b) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(Burroughs, 1999b) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(Burroughs, 2000) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(NIOSH, 2000) 
PBZ 

Monitoring 
High Dry Cleaning and Spot Cleaning 

(Gromiec et al., 

2002) 

PBZ 

Monitoring 
Medium 

Adhesives, Sealants, Paints, and Coatings 

(Adhesives Only) 

(Chrostek and 

Levine, 1981) 

PBZ 

Monitoring 
High 

Adhesives, Sealants, Paints, and Coatings (Paints 

and Coatings Only) 

(Stephenson and 

Albrecht, 1986) 

PBZ 

Monitoring 
High 

Adhesives, Sealants, Paints, and Coatings (Paints 

and Coatings Only) 

(Hanley, 1993) 
PBZ 

Monitoring 
Medium 

Adhesives, Sealants, Paints, and Coatings (Paints 

and Coatings Only) 

(Ford Motor, 1981) 
PBZ 

Monitoring 
Medium 

Adhesives, Sealants, Paints, and Coatings (Paints 

and Coatings Only) 

(Hervin et al., 

1977) 

PBZ 

Monitoring 
High Chemical Maskant 

(Dow Chem, 

1983b) 

PBZ 

Monitoring 
Medium Industrial Processing Aid 

(Dow Chem, 

1983a) 

PBZ 

Monitoring 
Medium Industrial Processing Aid 

(Dow Chem, 1982) 
PBZ 

Monitoring 
Medium Industrial Processing Aid 

(Dow Chem, 1979) 
PBZ 

Monitoring 
Medium Industrial Processing Aid 

(Gunter and 

Lybarger, 1979) 

PBZ 

Monitoring 
High Wipe Cleaning and Metal/Stone Polishes 

(Moody et al., 

1983) 

PBZ 

Monitoring 
High Wipe Cleaning and Metal/Stone Polishes 

(Burton and 

Monestersky, 1996) 

PBZ 

Monitoring 
High 

Other Spot Cleaning/Spot Removers (Including 

Carpet Cleaning) 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3797937
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099136
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099145
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099134
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3974932
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1597971
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1597971
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099147
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099147
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2067795
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2067795
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970586
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4213729
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1878207
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1878207
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214220
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214220
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214222
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214222
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214219
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214166
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1358123
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1358123
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099143
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1320760
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1320760
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(NIOSH, 1980) 
PBZ 

Monitoring 
Medium Other Commercial Uses (Printing Only) 

(Apol, 1981) 
PBZ 

Monitoring 
High Other Commercial Uses (Printing Only) 

(Love, 1982) 
PBZ 

Monitoring 
High Other Commercial Uses (Printing Only) 

(Ruhe, 1983) 
PBZ 

Monitoring 
High Other Commercial Uses (Printing Only) 

(Gunter et al., 

1984) 

PBZ 

Monitoring 
High Other Commercial Uses (Printing Only) 

(Burotn, 1994) 
PBZ 

Monitoring 
Medium Other Commercial Uses (Printing Only) 

(Moseley, 1980) 
PBZ 

Monitoring 
Medium Other Commercial Uses (Photographic Film Only) 

(Stefaniak et al., 

2000) 

PBZ 

Monitoring 
High Other Commercial Uses (Photocopying Only) 

(OSHA, 2020) 

 

PBZ 

Monitoring 
Medium 

Repackaging, Incorporation into Formulation, 

Mixture, or Reaction Product (Aerosol Packing 

Only), Aerosol Degreasing and Aerosol 

Lubricants, Dry Cleaning and Spot Cleaning, 

Chemical Maskant, Other Spot Cleaning/Spot 

Removers (Including Carpet Cleaning), Other 

Commercial Uses (Printing Only), Other Industrial 

Uses, Laboratory Chemical, Waste Handling, 

Disposal, Treatment, and Recycling 

(Moseley and 

McConnell, 1985) 

PBZ 

Monitoring 
High Other Commercial Uses (Mold Release Only) 

(A. C. Products, 

2017) 

PBZ 

Monitoring 
High Chemical Maskant 

(Spirit 

AeroSystems, 

2020) 

PBZ 

Monitoring 
High Chemical Maskant 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970580
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970608
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970585
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1619977
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5099142
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970615
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970614
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1953674
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1953674
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983058
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6020027
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6020027
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176391
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5176391
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983056
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983056
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983056
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Table 2-17. A Summary of Approaches and Overall Confidence for Exposure Estimates for Each 

OES 

Note: Where EPA was not able to estimate ONU inhalation exposure from monitoring data or models, 

this was assumed equivalent to the central tendency experienced by workers for the corresponding OES; 

dermal exposure for ONUs was not evaluated because they are not expected to be in direct contact with 

PCE and data to model incidental exposures were not available. 

Occupational 

Exposure 

Scenario (OES) 

Inhalation Exposure Dermal 

Exposure 

Modelingb Monitoring  Modeling 
Overall 

Confidence 

Monitoring 

Data 

# Data 

Pointsa 

Data 

Quality 

Rating 

Worker  ONU Worker  ONU Worker  ONU Worker  ONU 

Manufacturing V 152c H V V O O H M; H V - 
Repackaging V 11 M V O O O M L V - 
Processing as a 

Reactant 
V 152d H V V O O M to H 

M; M 

to H 
V - 

Incorporation into 

Formulation, 

Mixture, or 

Reaction Product 

(Aerosol Packing 

Only) 

V 8 M to H V O O O M to H L V - 

Incorporation into 

Formulation, 

Mixture, or 

Reaction Product 

(Non-Aerosol 

Packing Only) 

O - - O O V O M L V - 

Batch Open-Top 

Vapor Degreasing 
V 75 M to H V V O O M to H M to H V - 

Batch Closed-Loop 

Vapor Degreasing 
V 15 H V V O O H H V - 

Conveyorized 

Vapor Degreasing 
O - - O O V V M M V - 

Web Degreasing O - - O O V V M M V - 
Cold Cleaning V 29 H V O V V M to H M to H V - 
Aerosol Degreasing 

and Aerosol 

Lubricants 
V 144 M to H V O V V H H V - 

Dry Cleaning and 

Spot Cleaning 
V 193e M to H V V V V H H V - 

Adhesives, 

Sealants, Paints, 

and Coatings 
V 28f 

M; M to 

Hg 
V O O O M L V - 

Maskant For 

Chemical Milling 
V 60 M to H V V O O M to H M to H V - 

Industrial 

Processing Aid 
V 89 M V O O O M L V - 
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Occupational 

Exposure 

Scenario (OES) 

Inhalation Exposure Dermal 

Exposure 

Modelingb Monitoring  Modeling 
Overall 

Confidence 

Monitoring 

Data 

# Data 

Pointsa 

Data 

Quality 

Rating 

Worker  ONU Worker  ONU Worker  ONU Worker  ONU 

Metalworking 

Fluidsh 
O - - O O O O M L V - 

Wipe Cleaning and 

Metal/Stone 

Polishes 
V 10 H V V O O M to H M to H V - 

Other Spot 

Cleaning/Spot 

Removers 

(Including Carpet 

Cleaning) 

V 4 M to H V V O O M L V - 

Other Industrial 

Uses 
V 57i M V O O O L; M L V - 

Other Commercial 

Uses 
V 116j 

M to H; 

H; M; Hk 
V O O O 

M to H; 

M 
L V - 

Laboratory 

Chemicals 
V 1 M V O O O M L V - 

Waste Handling, 

Disposal, 

Treatment, and 

Recycling 

V 12 M V O O O M L V - 

Other Department 

of Defense Uses 
V 2l H V O O O H L V - 

V = Data or model was available; O = Data or model was not available 

a This number only includes full-shift (8-hr and 12-hr TWAs) and does not include short-term samples (i.e., 15-min, 30-min, 

60-min, or 4-hr TWAs). 
b EPA has a medium level of confidence in its dermal exposure estimates which are based on high-end/central tendency 

parameters and commercial/industrial settings. 
c This count includes 75 8-hr TWA data points and 77 12-hr TWA data points. 
d The data for this OES are the same monitoring data from PCE manufacturing sites used as surrogate for sites processing 

PCE as a reactant. 
e This count includes 75 data points for the post-2006 NESHAP mix of machine generations and 118 data points for fourth 

and fifth generation machines only. See Section 2.4.1.16 for further discussion of the two data sets. 
f This count includes 13 data points for adhesives/sealants and 15 data points for paints/coatings. 
g For adhesives/sealants the data quality is M; for paints/coatings the data quality is M to H. 
h Exposure to metalworking fluids were assessed using estimates from an ESD. 
i This includes 38 data points for textile processing, 13 data points for wood furniture manufacturing, 4 data points for 

foundry applications, and 2 for miscellaneous uses. 
j This includes 44 data points for printing applications, 3 data points for photocopying, 62 data points for photographic film 

applications, and 7 for mold release products. 
k For printing applications the data quality is M to H; for photocopying the data quality is H; for photographic film 

applications the data quality is M; for mold release products the data quality is H. 
l This count includes one data point for oil analysis uses at DoD sites and one data point for water pipe repair uses at DoD 

sites. 

 



 

Page 150 of 714 

 

 Consideration of Engineering Controls and Personal Protective 

Equipment 

OSHA requires and NIOSH recommends employers utilize the hierarchy of controls to address 

hazardous exposures in the workplace. The hierarchy of controls strategy outlines, in descending order 

of priority, the use of elimination, substitution, engineering controls, administrative controls, and lastly 

personal protective equipment (PPE). The hierarchy of controls prioritizes the most effective measures 

first which is to eliminate or substitute the harmful chemical (e.g., use a different process, substitute with 

a less hazardous material), thereby preventing or reducing exposure potential. Following elimination and 

substitution, the hierarchy recommends engineering controls to isolate employees from the hazard (e.g., 

source enclosure, local exhaust ventilation systems), followed by administrative controls (e.g., do not 

open machine doors when running), or changes in work practices (e.g., maintenance plan to check 

equipment to insure no leaks) to reduce exposure potential. Administrative controls are policies and 

procedures instituted and overseen by the employer to limit  worker exposures. Under Section 

1910.1000, OSHA requires the use of engineering or administrative controls to bring exposures to the 

levels permitted under the air contaminants standard. The respirators do not replace engineering controls 

and they are implemented in addition to feasible engineering controls (29 CFR Section 1910.134(a)(1). As 

the last means of control, the use of PPE (e.g., respirators, gloves) is recommended when the other control 

measures cannot reduce workplace exposure to an acceptable level. 

 

OSHAôs Respiratory Protection Standard (29 CFR Section 1910.134) requires employers in certain 

industries to address workplace hazards by implementing engineering control measures and, if these are 

not feasible, provide respirators that are applicable and suitable for the purpose intended. Engineering 

and administrative controls must be implemented whenever employees are exposed above the PEL. If 

engineering and administrative controls do not reduce exposures to below the PEL, respirators must be worn. 

Respirator selection provisions are provided in § 1910.134(d) and require that appropriate respirators are 

selected based on the respiratory hazard(s) to which the worker will be exposed and workplace and user 

factors that affect respirator performance and reliability. Assigned protection factors (APFs) are 

provided in Table 1 under Section 1910.134(d)(3)(i)(A) (see below in Table 2-18) and refer to the level 

of respiratory protection that a respirator or class of respirators could provide to employees when the 

employer implements a continuing, effective respiratory protection program. Implementation of a full 

respiratory protection program requires employers to provide training, appropriate selection, fit testing, 

cleaning, and change-out schedules in order to have confidence in the efficacy of the respiratory protection.  

 

If respirators are necessary in atmospheres that are not immediately dangerous to life or health, workers 

must use NIOSH-certified air-purifying respirators or NIOSH-approved supplied-air respirators with the 

appropriate APF. Respirators that meet these criteria may include air-purifying respirators with organic 

vapor cartridges. Respirators must meet or exceed the required level of protection listed in Table 2-18 

Based on the APF, inhalation exposures may be reduced by a factor of 5 to 10,000, if respirators are 

properly worn and fitted.  

 

For atmospheres that are immediately dangerous to life and health, workers must use a full facepiece 

pressure demand self-contained breathing apparatus (SCBA) certified by NIOSH for a minimum service 

life of 30 minutes or a combination full facepiece pressure demand supplied-air respirator (SAR) with 

auxiliary self-contained air supply. Respirators that are provided only for escape from an atmosphere 

that is immediately dangerous to life and health must be NIOSH-certified for escape from the 

atmosphere in which they will be used. The NIOSH IDLH concentration for PCE is 150 ppm; however, 

PCE is considered a potential occupational carcinogen and, as part of its carcinogen policy, NIOSH 

recommends that the most protective respirators be worn for PCE at any detectable concentration. 
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Table 2-18. Assigned Protection Factors for Respirators in OSHA Standard 29 CFR 1910.134 

Type of Respirator 
Quarter 

Mask 

Half 

Mask 

Full 

Facepiece 

Helmet/ 

Hood 

Loose-fitting 

Facepiece 

1. Air-Purifying Respirator 5 10 50     

2. Power Air -Purifying Respirator (PAPR)   50 1,000 25/1,000 25 

3. Supplied-Air Respirator (SAR) or Airline Respirator 

¶ Demand mode   10 50     

¶ Continuous flow mode   50 1,000 25/1,000 25 

¶ Pressure-demand or other positive-pressure 

mode 
  50 1,000     

4. Self-Contained Breathing Apparatus (SCBA) 

¶ Demand mode   10 50 50   

¶ Pressure-demand or other positive-pressure 

mode (e.g., open/closed circuit) 
    10,000 10,000   

Source: 29 CFR Section 1910.134(d)(3)(i)(A) 

The National Institute for Occupational Safety and Health (NIOSH) and the U.S. Department of Laborôs 

Bureau of Labor Statistics (BLS) conducted a voluntary survey of U.S. employers regarding the use of 

respiratory protective devices between August 2001 and January 2002 (NIOSH, 2001b).  Results of the 

survey include the number and percent of establishments and employees using respirators within 12 

months prior to the survey.  For additional information, please also refer to [Memorandum_NIOSH_BLS 

Respirator Usage in Private Sector Firms] (U.S. EPA, 2020n). 

 

OSHAôs hand protection standard (29 CFR Section 1910.138) requires employers select and require 

employees to use appropriate hand protection when expected to be exposed to hazards such as those 

from skin absorption of harmful substances; severe cuts or lacerations; severe abrasions; punctures; 

chemical burns; thermal burns; and harmful temperature extremes. Dermal protection selection 

provisions are provided in § 1910.138(b) and require that appropriate hand protection is selected based 

on the performance characteristics of the hand protection relative to the task(s) to be performed, 

conditions present, duration of use, and the hazards to which employees will be exposed.  

 

Unlike respiratory protection, OSHA standards do not provide protection factors (PFs) associated with 

various hand protection PPE, such as gloves, and data about the frequency of effective glove use ï that 

is, the proper use of effective gloves ï is very limited in industrial settings. Initial literature review 

suggests that there is unlikely to be sufficient data to justify a specific probability distribution for 

effective glove use for a chemical or industry. Instead, the impact of effective glove use is explored by 

considering different percentages of effectiveness.  

 

EPA made assumptions about glove use and associated protection factors (PF). Where workers wear 

gloves, workers are exposed to PCE-based product that may penetrate the gloves, such as seepage 

through the cuff from improper donning of the gloves, and if the gloves occlude the evaporation of PCE 

from the skin. Where workers do not wear gloves, workers are exposed through direct contact with PCE.  

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5374710
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6392906
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Gloves only offer barrier protection until the chemical breaks through the glove material. Using a 

conceptual model, Cherrie (2004) proposed a glove workplace protection factor ï the ratio of estimated 

uptake through the hands without gloves to the estimated uptake though the hands while wearing gloves: 

this protection factor is driven by flux, and thus varies with time. The European Centre For 

Ecotoxicology and Toxicology of Chemicals Targeted Risk Assessment (ECETOC TRA) model 

represents the protection factor of gloves as a fixed, assigned protection factor equal to 5, 10, or 20 

(Marquart et al., 2017) where, similar to the APF for respiratory protection, the inverse of the protection 

factor is the fraction of the chemical that penetrates the glove. It should be noted that the described PFs 

are not based on experimental values or field investigations of PPE effectiveness, but rather professional 

judgements used in the development of the ECETOC TRA model. EPA did not identify reasonably 

available information on PPE usage to corroborate the PFs used in this model.  

 

As indicated in Table 2-19, use of protection factors above 1 is recommended only for glove materials 

that have been tested for permeation against the PCE-containing liquids associated with the condition of 

use. EPA has not found information that would indicate specific activity training (e.g., procedure for 

glove removal and disposal) for tasks where dermal exposure can be expected to occur in a majority of 

sites in industrial only OESs, so the PF of 20 would usually not be expected to be achieved.  

 

The plausibility of regular respirator and glove use by workers was considered on an OES-specific basis. 

See Table 4-3 and for determinations of whether respirator use was assumed for each OES during risk 

characterization and Table 4-125 for APFs and PFs considered in final risk determination. 

 

Table 2-19. Glove Protection Factors for Different Dermal Protection Strategies from ECETOC 

TRA v3 

Dermal Protection Characteristics 
Affected User 

Group 

Indicated 

Efficiency 

(%)  

Protection 

Factor, 

PF 

a. Any glove / gauntlet without permeation data and 

without employee training 

Both industrial and 

professional users 

0 1 

b. Gloves with available permeation data indicating that 

the material of construction offers good protection for the 

substance 

80 5 

c. Chemically resistant gloves (i.e., as b above) with 

ñbasicò employee training 
90 10 

d. Chemically resistant gloves in combination with 

specific activity training (e.g., procedure for glove 

removal and disposal) for tasks where dermal exposure 

can be expected to occur 

Industrial users 

only 
95 20 

 Dermal Exposure Assessment Approach 

Dermal exposure data was not reasonably available for the conditions of use in the assessment. Because 

PCE is a volatile liquid that readily evaporates from the skin, EPA estimated dermal exposures using the 

Dermal Exposure to Volatile Liquids Model. This model determines a dermal potential dose rate based 

on an assumed amount of liquid on skin during one contact event per day and the steady-state fractional 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5080435
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5080455
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absorption for PCE based on a theoretical framework provided by Kasting and Miller (2006). The 

amount of liquid on the skin is adjusted by the weight fraction of PCE in the liquid to which the worker 

is exposed. Specific details of the dermal exposure assessment can be found in Section 2.4.1.28 and 

equations and sample calculations for estimated dermal exposures can be found in Appendix K of the 

Environmental Releases and Occupational Exposure Assessment (Supplemental Engineering Report) 

(U.S. EPA, 2020d). 

 Manufacturing  

 Worker Activities  

During manufacturing, workers are potentially exposed while connecting and disconnecting hoses and 

transfer lines to containers and packaging to be loaded with PCE product (e.g., railcars, tank trucks, 

totes, drums, bottles) and intermediate storage vessels (e.g., storage tanks, pressure vessels). Workers 

near loading racks and container filling stations are potentially exposed to fugitive emissions from 

equipment leaks and displaced vapor as containers are filled. These activities are potential sources of 

worker exposure through dermal contact with liquid and inhalation of vapors. 

 

ONUs include employees that work at the site where PCE is manufactured, but they do not directly 

handle the chemical and therefore are assumed to have lower inhalation exposures and are not assumed 

to have dermal exposures. ONUs for manufacturing may include, but are not limited to, supervisors, 

managers, and tradesmen that may be in the manufacturing area but do not perform tasks that result in 

the same level of exposures as manufacturing workers. 

 Number of Workers and Occupational Non-Users 

To determine the number of workers, EPA used the average of the ranges reported in the 2016 CDR for 

six sites where data were available and worker and ONUs estimates from the BLS analysis for the other 

two sites (see the Environmental Releases and Occupational Exposure Assessment (Supplemental 

Engineering Report) (U.S. EPA, 2020d) for number of sites estimated)). For the BLS analysis EPA used 

the NAICS code 325199ðAll Other Basic Organic Chemical Manufacturing to estimate workers and 

ONUs. CDR data do not differentiate between workers and ONUs; therefore, EPA assumed the ratio of 

workers to ONUs would be similar as determined in the BLS data where approximately 68% of the 

exposed personnel are workers and 32% are ONUs (U.S. BLS, 2016). This resulted in approximately 

970 workers and 460 ONUs (see Table 2-20). 

 

Table 2-20. Estimated Number of Workers Potentially Exposed to PCE During Manufactur ing 

Number of 

Sites 

Exposed 

Workers per 

Site 

Exposed 

Occupational 

Non-Users per 

Site 

Total Exposed 

Workersa 

Total Exposed 

Occupational 

Non-Usersa  

Total Exposeda 

8 120 57 970 460 1,400 
a Totals have been rounded to two significant figures. Totals may not add exactly due to rounding. 

 Occupational Inhalation Exposure Results 

Table 2-21 summarizes 15-min, 30-min, 8-hr, and 12-hr TWA exposure results for manufacturing. The 

high-ends are the 95th percentile of the respective data sets and the central tendencies are the 50th 

percentile. The lone exception to this is 12-hr TWA exposure results for ONUs where all data points 

measured below the LOD; therefore, EPA assessed the central tendency and the high-end as half the 

LOD and the LOD, respectively. EPA assessed exposures using data submitted for three companies by 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5018573
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079087
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the Halogenated Solvent Industry Alliance (HSIA) (HSIA, 2018a). It should be noted that approximately 

65% of the 8-hr TWA exposure data, 73% of the 12-hr TWA exposure data, 24% of the 15-min TWA 

exposure data, and 55% of the 30-min TWA exposure data were below the limit of detection (LOD). To 

estimate exposure concentrations for these data, EPA followed the Guidelines for Statistical Analysis of 

Occupational Exposure Data (U.S. EPA, 1994b) as discussed in Section 2.4.1.3. The geometric standard 

deviation for the worker 8-hr TWA data, 12-hr TWA data, and 15-min TWA were all above 3.0; 

therefore, EPA used the  to estimate the exposure value as specified in the guidelines (U.S. EPA, 

1994b). The geometric standard deviation for the ONU 8-hr TWA and worker 30-min TWA were below 

3.0; therefore, EPA used the 
Ѝ

 to estimate the exposure value as specified in the guidelines (U.S. EPA, 

1994b). Because over 50% of the data are below the LOD for the 8-hr, 12-hr, and 30-min TWA data, 

calculating statistics from this data does present the potential to introduce biases into the results. 

Estimation of exposure values for results below the LOD may over- or under-estimate actual exposure 

thus skewing the calculated statistics higher or lower, respectively. The overall directional bias of the 

exposure assessment, accounting for both the overestimate and underestimate, is not known. 

 

The 18 8-hr TWA exposure data points and five 30-min TWA data points from Company C were not 

included in the results as they were reported as being below the detection limit, but the company did not 

provide the value of the LOD. Therefore, EPA could not estimate a value for these data using the 

guidelines described above. 

 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5371877
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5071455
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Table 2-21. Summary of Inhalation Monitoring Data for the Manufacture of PCE 

Exposure 

Concentration Type 

Worker Exposures 
Occupational Non-User 

Exposures (ppm) 
Data Quality 

Rating of 

Air 

Concentrati

on Data 

Central 

Tendency 

(ppm) 

High-

End 

(ppm) 

Number 

of 

Samples 

Central 

Tendency 

(ppm) 

High-

End 

(ppm) 

Number 

of 

Samples 

8-hr TWA Exposure 

Concentration 
3.3E-2 2.7 

63a 

3.4E-2 9.2E-2 

12 

High 

Acute Exposure 

Concentration (AC) 

based on 8-hr TWA 

1.1E-2 0.9 1.1E-2 3.1E-2 

Average Daily 

Concentration (ADC) 

based on 8-hr TWA 

7.4E-3 0.6 7.7E-3 2.1E-2 

Lifetime Average Daily 

Concentration (LADC) 

based on 8-hr TWA 

2.9E-3 0.3 3.1E-3 1.1E-2 

12-hr TWA Exposure 

Concentration 
2.1E-2 0.2 

74 

2.3E-2 4.5E-2 

3 

Acute Exposure 

Concentration (AC) 

based on 12-hr TWA 

1.0E-2 0.1 1.1E-2 2.3E-2 

Average Daily 

Concentration (ADC) 

based on 12-hr TWA 

4.7E-3 4.9E-2 5.1E-3 1.0E-2 

Lifetime Average Daily 

Concentration (LADC) 

based on 12-hr TWA 

1.9E-3 2.5E-2 2.0E-3 5.3E-3 

15-min TWA Exposure 

Concentration 
2.0 15 161 

EPA did not identify short-

term data for ONUs. 30-min TWA Exposure 

Concentration 
0.7 12 38b 

AC = Acute Concentration; ADC = Average Daily Concentration; and LADC = Lifetime Average Daily Concentration. 
a Data does not include 18 data points that were reported as being below the detection limit, but for which the company did 

not provide the LOD for use in estimating an exposure value. 
b Data does not include five data points that were reported as being below the detection limit, but for which the company did 

not provide the LOD for use in estimating an exposure value. 

Sources: (HSIA, 2018a) 

 Strength, Limitation, and Uncertainty of the Inhalation Exposure Assessment 

Exposure to workers and ONUs is assessed using PCE personal breathing zone monitoring data 

collected at workplaces directly applicable to this condition of use, and the data were determined to have 

a ñhighò confidence rating through EPAôs systematic review process. Specifically, the data were 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5371877
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determined to be highly representative in geographic scope and reflective of current operations. The 

source also provides metadata including sample type and sample duration. 

 

The data includes exposure concentrations for a variety of worker and ONU tasks at each of the three 

manufacturing facilities from which the data were obtained. It is not known whether these data points 

would also be representative of the worker exposure level at other domestic manufacturing facilities. 

There is added uncertainty in the representativeness of the 12-hr TWA results for ONUs as there are 

only three data points. Despite the described uncertainties, EPA has a high level of confidence in the 

assessed 8- and 12-hr TWA worker exposures and the 8-hr TWA ONU exposures and a medium 

confidence in the 12-hr TWA ONU exposures based on the strength of the monitoring data. 

 Repackaging 

 Worker Activities  

During repackaging, workers are potentially exposed while connecting and disconnecting hoses and 

transfer lines to containers and packaging to be unloaded (e.g., railcars, tank trucks, totes), intermediate 

storage vessels (e.g., storage tanks, pressure vessels), and final packaging containers (e.g., drums, 

bottles). Workers near loading racks and container filling stations are potentially exposed to fugitive 

emissions from equipment leaks and displaced vapor as containers are filled. These activities are 

potential sources of worker exposure through dermal contact with liquid and inhalation of vapors. 

 

ONUs include employees that work at the site where PCE is repackaged, but they do not directly handle 

the chemical and are therefore expected to have lower inhalation exposures and are not expected to have 

dermal exposures. ONUs for repackaging include supervisors, managers, and tradesmen that may be in 

the repackaging area but do not perform tasks that result in the same level of exposures as repackaging 

workers. 

 Number of Workers and Occupational Non-Users 

EPA estimated the number of workers and occupational non-users potentially exposed during 

repackaging of PCE using Bureau of Labor Statisticsô OES data (U.S. BLS, 2016) and the U.S. Censusô 

SUSB (U.S. Census Bureau, 2015) as well as the primary NAICS and SIC code reported by each site in 

the 2016 TRI or 2016 DMR, respectively (see the Environmental Releases and Occupational Exposure 

Assessment (Supplemental Engineering Report) (U.S. EPA, 2020d) for number of sites estimated)). This 

resulted in approximately 210 workers and 75 ONUs potentially exposed during repackaging of PCE 

(see Table 2-22).  

 

Table 2-22. Estimated Number of Workers Potentially Exposed to PCE During Repackaging 

Number 

of Sites 

Exposed 

Workers per 

Site 

Exposed 

Occupational Non-

Users per Site 

Total 

Exposed 

Workersa 

Total Exposed 

Occupational Non-

Usersa 

Total 

Exposeda 

51 4 1 210 75 280 
a Totals have been rounded to two significant figures. Totals may not add exactly due to rounding. 

 Occupational Inhalation Exposure Results 

EPA assessed inhalation exposures during import/repackaging using identified monitoring data. Table 

2-23 summarizes 15-min, 30-min, and 8-hr TWA results obtained from data submitted to EPA by Dow 

Chemical under TSCA (Dow Chem, 1984a) and collected by OSHA (OSHA, 2020). For the 8-hr TWA 

results the 95th percentile and 50th percentiles are presented as the high-end and central tendency 

https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079087
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097881
https://beta.regulations.gov/docket/EPA-HQ-OPPT-2019-0502
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4214221
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6983058
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