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EXECUTIVE SUMMARY

This draft risk evaluation for N-methylpyrrolidone (NMP) was performed in accordance with the Frank
R. Lautenberg Chemical Safety for the 21st Century Act and is being disseminated for public comment
and peer review. The Frank R. Lautenberg Chemical Safety for the 21st Century Act amended the Toxic
Substances Control Act (TSCA), the Nation’s primary chemicals management law, in June 2016. As per
EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances
Control Act (82 FR 33726), EPA is taking comment on this draft, and will also obtain peer review on
this draft risk evaluation for NMP. All conclusions, findings, and determinations in this document are
preliminary and subject to comment. The final risk evaluation may change in response to public
comments received on the draft risk evaluation and/or in response to peer review, which itself may be
informed by the public comments. The preliminary conclusions, findings, and determinations in this
draft 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 8 26(h) and (i) require EPA to use scientific information, technical procedures, measures,
methods, protocols, methodologies and models consistent with the best available science and to base its
decisions on the weight of the scientific evidence. To meet these TSCA § 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, 2018a). 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.

N-Methylpyrrolidone (CASRN 872-50-4), also called n-methyl-2-pyrrolidone, or 1-methyl-2-
pyrrolidone, is a water-miscible, organic solvent that is often used as a substitute for halogenated
solvents. NMP exhibits a unique set of physical-chemical properties that have proven useful in a range
of industrial, commercial and consumer applications. NMP has low volatility and high affinity for
aromatic hydrocarbons, which makes it effective for solvent extraction in petrochemical processing and
pharmaceutical manufacturing. NMP is also valued for its high polarity and low surface tension which
are considered optimal for solvent cleaning and surface treatment of metals, textiles, resins, and plastics.
NMP is subject to federal and state regulations and reporting requirements. NMP has been a reportable
chemical to Toxics Release Inventory (TRI) substance under Section 313 of the Emergency Planning
and Community Right-to-Know Act (EPCRA) since January 1, 1995.

NMP is widely used in the chemical manufacturing, petrochemical processing and electronics industries.
There is also growing demand for NMP use in semiconductor fabrication and lithium ion battery
manufacturing (EMI, 2015). In the commercial sector, NMP is primarily used for producing and
removing paints, coatings and adhesives. Other applications include, but are not limited to, use in
solvents, reagents, sealers, inks and grouts. EPA evaluated the following categories of conditions of use
for NMP: manufacturing; processing; distribution in commerce, industrial, commercial and consumer
uses and disposal. The total aggregate production volume for NMP decreased slightly from 164 to 160
million pounds between 2012 and 2015.
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Approach

EPA used reasonably available information (defined in 40 CFR 702.33 as “information that EPA
possesses, or can reasonably generate, obtain, and synthesize for use in risk evaluations, considering the
deadlines for completing the evaluation) in a “fit-for-purpose” approach, to develop a risk evaluation
that relies on the best available science and is based on the weight of the scientific evidence. EPA used
previous analyses as a starting point for identifying key and supporting studies to inform the exposure,
fate, and hazard assessments. EPA also evaluated other studies that were published since these reviews.
EPA reviewed the 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, 2018a).

In the problem formulation document, EPA identified the NMP conditions of use and presented three
conceptual models and an analysis plan for the current draft risk evaluation. In this draft risk evaluation,
EPA evaluated risks to aquatic species from environmental releases to surface water associated with the
manufacturing, processing, distribution, use and disposal of NMP. EPA also evaluated the risks posed to
workers and consumers, as well as occupational non-users (i.e., workers who do not directly handle
NMP but perform work in an area where it is used) and consumer bystanders (i.e., non-users who are
incidentally exposed to NMP as a result of the use of consumer products containing NMP).

EXxposures

EPA evaluated acute and chronic exposures for aquatic species as a screening level risk assessment for
ambient surface water exposures associated with NMP environmental releases from the manufacturing,
processing, distribution, use and disposal. EPA used environmental release data from EPA’s Toxics
Release Inventory (TRI) to derive conservative estimates of NMP surface water concentrations (acute
and chronic) near facilities reporting the highest NMP water releases.

NMP may occur in various environmental media including sediment, soil, water and air. As part of the
NMP Problem Formulation (U.S. EPA, 2018c), EPA completed a preliminary analysis of environmental
exposures for aquatic terrestrial species to NMP in these environmental media. No additional
information has been received or otherwise identified by EPA that would alter the conclusions presented
in the NMP Problem Formulation (U.S. EPA, 2018c). EPA concluded that no further analysis of
environmental release pathways for environmental receptors is necessary based on a qualitative
assessment of the physical chemistry and fate properties of NMP and the levels of NMP exposure that
may be expected for organisms that inhabit these environmental compartments.

EPA evaluated acute and chronic human exposures by the dermal and inhalation routes, including direct
contact with NMP-containing liquids and indirect exposure from vapor-through-skin uptake. For each
occupational use scenario, EPA considered moderate and high-end exposure parameters and the impact
of different combinations of personal protective equipment (PPE) on exposure. Empirical data were
preferred for exposure estimation when available. In the absence of measured data, EPA used models to
estimate exposure to the human receptors of interest. The models’ underlying input parameters and
assumptions were based on reasonably available information regarding NMP physical and chemical
properties, NMP weight fraction in the product, and the activity patterns associated with use. Exposure
to individuals located near those using NMP-containing products (i.e., nearby non-users,) were also
estimated based on inhalation and vapor-through-skin uptake.
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EPA used two different approaches to quantify acute exposures to consumers. The first approach
incorporated assumptions based on the duration of use; whereas the second approach incorporated
assumptions regarding the specific type of project involved (e.g., paint stripping a table, chest of
drawers, or bathtub).

Hazards

EPA identified acute and chronic Concentrations of Concern (COCs) for aquatic organisms based on the
available acute and chronic hazard data for NMP. These acute and chronic COCs are compared to the
estimated surface water concentrations of NMP from the exposure assessment.

Reported outcomes in laboratory animal studies range from irritation to decreased body weight and
adverse systemic effects (e.g., liver, kidney, spleen, thymus, testes, brain). EPA reviewed the reasonably
available information on hazard potential and selected reproductive and developmental toxicity
endpoints in rodents (i.e., fetal mortality and decreased fertility) as the critical effects for dose-response
analysis and risk estimation. EPA identified fetal mortality as the critical endpoint for acute exposures
and reduced fertility as the critical endpoint for chronic exposures.

Other outcomes, including adverse systemic effects, may occur at higher exposure concentrations. The
risk determinations in the current document are based on adverse developmental effects observed in a
potentially exposed or susceptible subpopulation (e.g., pregnant women and women of child bearing age
who may become pregnant) which are expected to be protective of other outcomes and other potentially
exposed or susceptible subpopulations.

Human Populations Considered in This Risk Evaluation

EPA assumed those who use NMP-containing products would be adults of either sex (>16 years old),
including pregnant women, and evaluated risks to individuals who do not use NMP but may be
indirectly exposed due to their proximity to the user who is directly handling NMP or the product
containing NMP.

The risk evaluation is based on potential effects on fertility as well as developmental toxicity. The
lifestages of greatest concern for developmental effects are pregnant women and women of childbearing
age who may become pregnant. Lifestages of concern for effects on reproductive health and fertility
include men and women of reproductive age as well as children and adolescents. The risk evaluation is
intended to be protective of other potentially exposed or susceptible subpopulations, including people
with pre-existing conditions and people with genetic variations that make them more susceptible.
Exposures that do not present risks based on sensitive reproductive and developmental endpoints are not
expected to present risks for other potential health effects of NMP because other health effects occur at
higher levels of exposure.

Risk Characterization
This draft risk evaluation characterizes the environmental and human health risks from NMP under the
conditions of use, including manufacture, processing, distribution, use, and disposal.

Environmental Risks: For environmental risk, EPA utilized a risk quotient (RQ) to compare the
estimated acute and chronic NMP exposure concentrations in surface water to respective acute and
chronic COCs to characterize the risk to aquatic organisms. A screening level risk analysis for NMP in
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surface water and aquatic receptors resulted in RQs for the acute and chronic risk of 0.0022 and 0.85,
respectively (Table 4-2). An RQ that does not exceed 1 indicates that the exposure concentrations of
NMP are less than the concentrations expected to produce an adverse effect. Because the RQ values do
not exceed 1, and because EPA used a conservative screening level approach, these values indicate that
the risks of NMP to the aquatic organisms are unlikely. NMP is not likely to accumulate in sediment
based on its physical chemical properties and is not expected to adsorb to sediment due to its water
solubility and low partitioning to organic matter. Because NMP toxicity to sediment-dwelling
organisms is expected to be comparable to that of aquatic organisms, minimal risks are anticipated for
sediment-dwelling organisms. NMP exhibits low volatility and readily biodegrades under aerobic
conditions; therefore, the concentrations in ambient air are unlikely to reach levels that would present
risks for terrestrial organisms. Details of these estimates are in section 4.1.2.

Human Health Risks: For human health risks to workers and consumers, EPA identified non-cancer
human health risks. Based on the exposure scenarios evaluated, risks may be anticipated for individuals
who are not directly exposed to liquid NMP (e.g., occupational non-user, consumer bystander) as a
result of indirect exposure via inhalation and vapor through skin exposures. Generally, risks identified
for workers are linked to chronic exposures, whereas risks for consumers are linked to acute exposures.
Although glove use may be effective in reducing NMP exposure, some glove types do not provide
adequate protection. Further discussion and examples of appropriate glove use are included in Appendix
E.

Strengths, Limitations and Uncertainties in the Risk Characterization

The exposure estimates EPA used to evaluate human health risks were based on a large amount of
monitoring data and were supported by modeling data for many conditions of use. PBPK models
allowed EPA to evaluate risks from aggregate exposures from simultaneous dermal and inhalation
exposures. Robust evidence of a continuum of adverse reproductive and developmental effects support
the hazard endpoints EPA used as the basis for evaluating risks from acute and chronic exposures. In
addition, PBPK modeling reduces uncertainties around the relevance of animal data for human health.
Uncertainties around the representativeness of exposure monitoring data, activity pattern information,
PPE use and efficacy, and incomplete information on some hazard endpoints and factors that may
contribute to increased exposure and susceptibility to NMP contribute to the overall uncertainties of the
risk estimates. Overall, EPA has medium to high confidence in the risk estimates presented in this risk
characterization.

Potentially Exposed and Susceptible Subpopulations (PESS)

TSCA 8 6(b)(4) requires that EPA conduct a risk evaluation of PESS. In developing the risk evaluation,
EPA analyzed the reasonably available information to ascertain whether some human receptor groups
may have greater exposure or greater susceptibility than the general population to the hazard posed by a
chemical. For consideration of the most highly exposed groups, EPA assessed NMP exposures to PESS
of interest: males, pregnant women, and women of childbearing age who may become pregnant.

Aggregate and Sentinel Exposures

EPA evaluated aggregate risks from dermal and inhalation routes of exposure for each COU. Peer-
reviewed PBPK modeling allowed EPA to integrate aggregate exposures across routes by translating
exposure concentrations into internal doses (human blood concentrations). While this assessment
evaluated specific COUs based on exposure estimates that incorporate multiple routes of exposure, it did
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not consider the potential for aggregate exposures from multiple conditions of use. EPA considered
sentinel exposure in the form of high-end estimates for consumer and occupational exposure scenarios
which incorporate dermal and inhalation exposure, as these routes are expected to present the highest
exposure potential.

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. These
determinations do not consider costs or other non-risk factors. In making these determinations, EPA
considers relevant risk-related factors, including, but not limited to: the effects of the chemical substance
on health and human exposure to such substance under the conditions of use (including cancer and non-
cancer risks); the effects of the chemical substance on the environment and environmental exposure
under the conditions of use; the population exposed (including any potentially exposed or susceptible
subpopulations (PESS)); the severity of hazard (including the nature of the hazard, the irreversibility of
the hazard); and uncertainties. EPA also takes into consideration the Agency’s confidence in the data
used in the risk estimate. This includes an evaluation of the strengths, limitations and uncertainties
associated with the information used to inform the risk estimate and the risk characterization. The
rationale for the risk determination is discussed in section 5.

Environmental Unreasonable Risks: For all conditions of use, EPA did not identify any scenarios
indicating unreasonable risk for aquatic, sediment-dwelling, or terrestrial organisms from exposures to
NMP. NMP readily degrades under aerobic conditions and is not expected to persist in the environment.
Because the RQ values do not exceed 1, and because EPA used a conservative screening level approach,
these values indicate that the risks of NMP to the aquatic organisms are unlikely. As a result, EPA does
not find unreasonable risk to the environment for any of the conditions of use for NMP (see section
4.1.2).

Unreasonable Risk to the General Population: EPA is not including general population exposures in the
risk evaluation for NMP. As explained in the Problem Formulation for the Risk Evaluation for NMP,
general population exposures were determined to be outside the scope of the risk evaluation. EPA has
determined that the existing regulatory programs and associated analytical processes adequately assess
and effectively manage the risks of NMP that may be present in various media pathways (e.g. air, water,
land) for the general population. For these cases, EPA believes that the TSCA risk evaluation should not
focus on those exposure pathways, but rather on exposure pathways associated with TSCA conditions of
use that are not subject to those regulatory processes, because the latter pathways are likely to represent
the greatest areas of concern to EPA.

Unreasonable Risk to Workers: EPA evaluated workers’ acute and chronic inhalation and dermal
exposures (including uptake of vapor through skin) for non-cancer risks and determined whether any
risks indicated are unreasonable risk. The drivers for EPA’s determination of unreasonable risk for
workers are reproductive effects from chronic inhalation and dermal exposures; generally, risks
identified for workers are linked to chronic exposures. The determinations reflect the severity of the
effects associated with occupational exposures to NMP and incorporate consideration of expected
personal protective equipment (PPE) (frequently estimated to be gloves with a protection factor of 5, 10,
or 20). For workers, EPA determined that the conditions of use that presented unreasonable risks
included processing of NMP into formulations or mixtures, and many industrial or commercial uses as a
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solvent or degreaser. A full description of EPA’s determination for each condition of use is in section
5.2.

Unreasonable Risk to Occupational Non-Users (ONUS): EPA’s exposure assessment includes estimates
of NMP exposures to occupational non-users (ONUSs). ONUSs are located in the general vicinity near
workers but are further from emissions sources. Unlike workers, ONUs do not have direct dermal
contact with liquids. The estimates assume ONUSs are not wearing respirators. While the difference
between ONU exposures and workers directly handling the chemical generally cannot be quantified,
EPA assumes that, in most cases, ONU inhalation exposures are expected to be lower than inhalation
exposures for workers directly handling the chemical substance. To account for those instances where
monitoring data or modeling did not distinguish between worker and ONU inhalation exposure
estimates, EPA considered the central tendency risk estimate when determining ONU risk. For several
conditions of use, there were risks for ONUs for high-end chronic exposures. However, risk estimates
for ONUs for the central tendency scenarios did not indicate risk. EPA determined that the conditions of
use assessed did not present an unreasonable risk for ONUS.

Unreasonable Risk to Consumers: EPA evaluated consumer acute inhalation, dermal, and vapor through
skin exposures for non-cancer risks and determined whether the risks indicated are unreasonable. Risks
for consumers were evaluated using acute exposure scenarios._The driver for EPA’s determination of
unreasonable risk is developmental adverse effects from acute inhalation and dermal exposure. These
adverse effects include fetal mortality. EPA determined that several consumer conditions of use present
unreasonable risk of injury to health. A full description of EPA’s determination for each condition of use
IS in section 5.2,

Unreasonable Risk to Bystanders (from consumer uses): EPA’s exposure assessment includes estimates
of NMP exposures to bystanders (i.e. those located in the house during consumer product use) who do
not have direct contact with NMP-containing consumer products. EPA did not find unreasonable risk to
bystanders for the conditions of use assessed.

Summary of Risk Determinations:
EPA has determined that the following conditions of use of NMP do not present an unreasonable risk of
injury to health. The details of these determinations are in table 5-1 in section 5.2.

Conditions of Use that Do Not Present an Unreasonable Risk

e Domestic manufacture

e Import (including repackaging and loading/unloading)

e Processing as a reactant or intermediate in several manufacturing processes, including plastic
material and resin manufacturing and in pharmaceutical and medicine manufacturing

e Processing as a reactant or intermediate, other

e Processing for incorporation into articles in other sectors, including in plastic product
manufacturing

e Repackaging for wholesale and retail trade

e Processing - Recycling

e Distribution in commerce
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Conditions of Use that Do Not Present an Unreasonable Risk

Industrial and commercial use in ink, toner, and colorant products, including printer ink and
inks in writing equipment

Industrial and commercial use in processing aids, specific to petroleum production in
petrochemical manufacturing, and other uses in oil and gas drilling and pharmaceutical and
medicine manufacturing

Industrial and commercial use in other uses in soldering materials

Industrial and commercial use, Other Uses, Fertilizer and Other agricultural chemical
manufacturing — processing aids and solvents

Industrial and commercial use in other uses, wood preservatives

Consumer use in paints and coatings, adhesive removers

Consumer use in paints and coatings, lacquers, stains, varnishes, primers and floor finishes
Consumer use in paint additives and coating additives not described by other codes, paints and
arts and crafts paints

Consumer use in adhesives and sealants single component glues and adhesives, including
lubricant adhesives and two-component glues and adhesives including some resins
Consumer use in other uses in automotive care products

Consumer use in other uses lubricant and lubricant additives, including hydrophilic coatings
Disposal including industrial pre-treatment, industrial wastewater treatment publicly owned
treatment works (POTW), underground injection, landfill (municipal, hazardous or other land
disposal), emissions to air, incinerators (municipal and hazardous waste).

EPA determined that the following conditions of use of NMP present an unreasonable risk of injury to
health to workers or to consumers. The details of these determinations are discussed in table 5-1 in
section 5.2.

Processing Uses that Present an Unreasonable Risk

Incorporation into a formulation, mixture or reaction product in several industrial sectors
Incorporation into articles as lubricants and lubricant additives in machinery manufacturing
Incorporation into articles as paint additives and coating additives not described by other codes
in transportation equipment manufacturing

Incorporation into articles as a solvent (which becomes part of product formulation or mixture),
including in textiles, apparel and leather manufacturing

Industrial and Commercial Uses that Present an Unreasonable Risk

For paint and coating removers and in adhesive removers

For paint and coatings (lacquers, stains, varnishes, primers and floor finishes, and powder
coatings, surface preparation), in paint additives and coating additives not described by other
codes in several manufacturing sectors, and in adhesives and sealants, several types

As a solvent (for cleaning or degreasing) use in electrical equipment, appliance and component
manufacturing and for other uses in manufacturing lithium ion batteries
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Industrial and Commercial Uses that Present an Unreasonable Risk

e As other uses in anti-freeze and de-icing products, automotive care products and lubricants and
greases

e As other uses in metal products not covered elsewhere, and lubricant and lubricant additives
including hydrophilic coatings
e As other uses in laboratory chemicals

e As other uses, cleaning and furniture care products, including wood cleaners and gasket
removers

Consumer Uses that Present an Unreasonable Risk

e For paints and coatings, paint and coating removers

e As other uses, cleaning and furniture care products, including wood cleaners and gasket
removers.
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1 INTRODUCTION

This document presents the draft risk evaluation for NMP 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 Nation’s primary chemicals management law, in June
2016.

The Agency published the Scope of the Risk Evaluation for NMP (U.S. EPA, 2017d) in June 2017, and
the problem formulation in June, 2018 (U.S. EPA, 2018c), which represented the analytical phase of risk
evaluation whereby “the purpose for the assessment is articulated, the problem is defined, and a plan for
analyzing and characterizing risk is determined,” as described in Section 2.2 of the Framework for
Human Health Risk Assessment to Inform Decision Making. EPA received comments on the published
problem formulation for NMP and has considered the comments specific to NMP, as well as more
general comments regarding EPA’s chemical risk evaluation approach for developing the draft risk
evaluations for the first 10 TSCA Workplan chemicals.

During problem formulation, EPA identified the NMP conditions of use and presented the associated
conceptual models and an analysis plan. In this risk evaluation, EPA evaluated risks to workers from
inhalation and dermal exposures by comparing the exposure estimates for acute and chronic scenarios to
the related human health hazards. While NMP is present in various environmental media such as
groundwater, surface water, and air, EPA determined during problem formulation that no further
analysis of the environmental release pathways associated with ecological exposures via ambient water,
sediments, and land-applied biosolids was needed based on a qualitative assessment of the physical-
chemical properties and fate of NMP in the environment and a quantitative comparison of the hazards
and exposures identified for aquatic organisms. Risk determinations were not made as part of problem
formulation; therefore, the results from these analyses are used to inform the risk determination section
of this draft risk evaluation.

EPA used reasonably available information consistent with the best available science for physical-
chemical and fate properties, potential exposures, and relevant hazards according to the systematic
review process. For the human exposure pathways, EPA evaluated inhalation exposures to vapors and
mists for workers and occupational non-users, and dermal exposures via skin contact with liquids and
vapor through skin uptake for workers and consumers. EPA characterized risks to ecological receptors
from exposures via surface water, sediment, and land-applied biosolids in the risk characterization
section of this draft risk evaluation based on the analyses presented in the problem formulation.

This document is structured such that the Introduction (Section 1) presents the basic physical-chemical
properties of NMP, and background information on its regulatory history, conditions of use and
conceptual models, with emphasis on any changes since the publication of the problem formulation.
This section also includes a discussion of the systematic review process utilized in this draft risk
evaluation. Exposures (Section 2) provides a discussion and analysis of the exposures, both human and
environmental, that can be expected based on the conditions of use identified for NMP. Hazards
(Section 3), discusses the environmental and human health hazards of NMP. The Risk Characterization
(Section 4), integrates the 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 the uncertainties that underly the assessment and how they impact the risk evaluation. As required
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under TSCA 15 U.S.C. 2605(b)(4), a determination of whether the risk posed by this chemical substance
is unreasonable is presented in the Risk Determination (Section 5).

As per EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic
Substances Control Act (82 FR 33726) (hereinafter “Risk Evaluation Rule”), this draft risk evaluation is
subject to both public comment and peer review, which are distinct but related processes. EPA is
providing 60 days for public comment, which will inform the EPA Science Advisory Committee on
Chemicals (SACC) peer review process. EPA seeks public comment on all aspects of this draft risk
evaluation, including all conclusions, findings, and determinations. This is also an opportunity for EPA
to receive additional information that might be relevant to the science underlying the draft risk
evaluation and the outcome of the systematic review approach used for NMP. This review 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 will be conducted in accordance with EPA's regulatory procedures for chemical risk
evaluations, including using the EPA Peer Review Handbook and other methods consistent with section
26 of TSCA (See 40 CFR § 702.45). As explained in the Risk Evaluation Rule, the purpose of the peer
review is for the independent review of the science underlying the risk evaluation. Peer review will
therefore address 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.
Peer-review supports scientific rigor and enhances transparency in the risk evaluation process.

As explained in the Risk Evaluation Rule, it is important for peer reviewers to consider how the
underlying risk evaluation analyses fit together to produce an integrated risk characterization, which will
form 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, EPA is providing the opportunity for public comment before peer review on this
draft risk evaluation. The final risk evaluation may change 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 will respond to public and peer review comments received on the draft risk evaluation
when it issues the final risk evaluation.

EPA solicited input on the first 10 chemicals, including NMP, as it developed use dossiers, scope
documents, and problem formulations. At each step, EPA received information and comments specific
to individual chemicals and of a more general nature relating to various aspects of the risk evaluation
process, technical issues, and the regulatory and statutory requirements. EPA has considered comments
and information received at each step in the process and factored in the information and comments as
the Agency deemed appropriate and relevant including comments on the published problem formulation
of NMP. Thus, in addition to any new comments on the draft risk evaluation, the public should re-
submit or clearly identify at this point any previously filed comments, modified as appropriate, that are
relevant to this risk evaluation and that the submitter believes have not been addressed. EPA does not
intend to further respond to comments submitted prior to the publication of this draft risk evaluation
unless they are clearly identified in comments on this draft risk evaluation.
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1.1 Physical and Chemical Properties

Physical-chemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informing the potential conditions of use, exposure pathways, routes and hazards that
EPA intends to consider. During problem formulation, EPA considered the measured or estimated
physical-chemical properties set forth in Table 1-1. Based on EPA’s review of the available literature,
the vapor pressure previously reported for NMP was updated (0.345 mmHg) to conform with EPA’s
data quality criteria. This value is considered more reliable than the original value (0.19 mmHg) which
was taken from a secondary source.

NMP is a high boiling, polar aprotic solvent with low viscosity and low volatility. It is miscible with
water and most organic solvents and exhibits low flammability and no explosivity. It is not readily
oxidizable; variations in temperature and humidity can produce a range of saturation concentrations in
ambient air (U.S. EPA, 2019a, 2017d).

Table 1-1. Physical-Chemical Properties of NMP

Property Value @ Reference
Molecular formula CsHoON
Molecular weight 99.1 g/mole O'Neil et al. (2006)
Physical form Colorless liquid O'Neil et al. (2006)
Melting point -25°C Ashford (1994)
Boiling point 202°C O'Neil et al. (2006)
Density 1.03 at 25°C O'Neil et al. (2006)
Vapor pressure 0.345 mmHg at 25°C Daubert and Danner (1989)
Vapor density 3.4 (air=1) NFPA (1997)
Water solubility 1,000 g/L at 25°C (miscible) | O'Neil et al. (2006)
Octanol:water partition coefficient (log Kow) |-0.38 at 25°C Sasaki et al. (1988)
Henry’s Law constant 3.2 x 10 atm m®/mole Kim et al. (2000)
Flash point 95°C (open cup) Riddick et al. (1986)
Auto flammability Not available
Viscosity 1.65 mPa-s at 25°C O'Neil et al. (2006)
Refractive index Not applicable
Dielectric constant Not applicable
aMeasured unless otherwise noted.
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1.2 Uses and Production Volume

1.2.1 Data and Information Sources
The summary of use and production volume information presented below is based on research
conducted for the Problem Formulation Document for N-Methylpyrrolidone (NMP) (U.S. EPA, 2018c)
and any additional information obtained since the publication of that document. The previous research
was based on reasonably available information, including the Use and Market Profile for NMP, (EPA-
HQ-OPPT-2016-0743); public meetings and meetings with companies, industry groups, chemical users
and other stakeholders to aid in identifying and verifying the conditions of use included in this risk
evaluation.

NMP is an effective solvent that is widely used in the manufacture and production of electronics,
petroleum products, pharmaceuticals, polymers and other specialty chemicals. It has numerous
industrial, commercial, and consumer applications. Some of the major areas of use identified for NMP
are listed below (Harreus et al., 2011; Ash and Ash, 2009):

1. Petrochemical processing: acetylene recovery from cracked gas, extraction of aromatics and
butadiene, gas purification (removal of CO2 and H2S), lube oil extraction

2. Engineering plastics: reaction medium for production of high-temperature polymers such as
polyether sulfones, polyamideimides and polyaramids

3. Coatings: solvent for acrylic and epoxy resins, polyurethane paints, waterborne paints or
finishes, printing inks, synthesis/diluent of wire enamels, coalescing agent

4. Specialty chemicals: solvent and/or co-solvent for liquid formulations

5. Electronics: cleaning agent for silicon wafers, photoresist stripper, auxiliary in printed circuit
board technology

6. Industrial and domestic cleaning: component in paint strippers and degreasers

In addition to the uses in industrial, commercial, and consumer settings, NMP is used in ways
considered as mission critical to federal agencies.

The Chemical Data Reporting (CDR) Rule under TSCA (40 CFR Part 711) requires that U.S.
manufacturers and importers provide EPA with information on chemicals they manufacture (including
imports). For the 2016 CDR cycle, data collected for each chemical include the company name, volume
of each chemical manufactured/imported, the number of workers employed at each site, and information
on whether the chemical is used in the commercial, industrial, and/or consumer sector. Only those
companies that manufactured or imported at least 25,000 pounds of NMP per site were required to
report under the CDR rule during the 2015 calendar year (U.S. EPA, 2017c). The 2016 CDR reporting
data for NMP are provided in Table 1-2.
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Table 1-2. Production Volume of NMP in CDR Reporting Period (2012 to 2015) 2

Reporting Year 2012 2013 2014 2015

Total Aggregate Production 164,311,844 168,187,596 171,095,221 160,818,058
Volume (Ibs)

2The CDR data for the 2016 reporting period is available via ChemView (https://chemview.epa.gov/chemview) (U.S. EPA,
2017c). Because of an ongoing CBI substantiation process required by amended TSCA, the CDR data available in the risk
evaluation document is more specific than currently in ChemView.

NMP is widely used in the chemical manufacturing, petrochemical processing and electronics industries
(EMI, 2015). In the commercial sector, it is primarily used for producing and removing paints, coatings
and adhesives. Other commercial applications include, but are not limited to, use in solvents, reagents,
sealers, inks and grouts. There is also growing demand for NMP use in semiconductor fabrication and
lithium ion battery manufacturing. Data reported for the 2016 CDR period (U.S. EPA, 2017¢) indicate
over 160 million pounds of NMP were manufactured (including imports) in the United States in 2015
(U.S. EPA, 2017c).

NMP is used in paint removers, and as a solvent/reagent for the electronics and pharmaceutical
industries. It is also used as a solvent for hydrocarbon recovery in the petrochemical processing industry,
and for the desulfurization of natural gas (Global Newswire, 2016; FMI, 2015). While paint removers
represent a large product category for NMP, growth in this sector is uncertain as a result of the potential
risks identified in the previous risk assessment published by EPA (U.S. EPA, 2015).

NMP is a key cleaning component for the manufacture of semiconductors used in electronics, and for
the manufacture of printed circuit boards. As the consumer demand for electronics rises, especially in
the Asia Pacific region, the global demand for NMP is expected to grow. Similar increases in NMP use
may occur in other regions, albeit to a lesser degree (Grand View Research, 2016). The U.S. market
revenue for NMP is also expected to increase over the next ten years despite variations in the oil and gas
industry. NMP is primarily used in downstream processes, which makes it more resilient to market
volatility in this sector (Grand View Research, 2016).

1.2.2 Toxics Release Inventory Data
Under the Emergency Planning and Community Right-to-Know Act (EPCRA) Section 313, NMP is a
TRI-reportable substance effective January 1, 1995. During problem formulation, EPA further analyzed
the TRI data and examined the definitions of elements in the TRI data to determine the level of
confidence that a release would result from specific types of land disposal (e.g., RCRA Subtitle C
hazardous landfill and Class | underground Injection wells) and incineration. EPA also examined how
NMP is treated at industrial facilities.

Table 1-3 provides production-related waste management data for NMP reported by industrial facilities
to the TRI program from reporting years 2015 to 2017.1 In reporting year 2017, 380 facilities reported a

! Reporting year 2017 is the most recent TRI data available. Data presented in Table 1-3 and Table 1-4 were queried using
TRI Explorer and uses the 2017 National Analysis data set (released to the public in October 2018). This dataset includes
revisions for the years 1988 to 2017 processed by EPA.
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total of approximately 274 million pounds of NMP production-related waste. Of this total amount,
roughly 245 million pounds were recycled, 7 million pounds were recovered for energy, 10 million
pounds were treated, and 10 million pounds were disposed of, or otherwise released to the environment.

Table 1-3. Summary of NMP TRI Production-Related Waste Managed from 2015-2017 (Ibs)

Number of Energy Releases Total Production
Year Facilities Recycling | Recovery | Treatment Bl5e Related Waste
2015 396 197,244,994 | 7,129,521 | 15,607,662 | 8,824,782 228,806,960
2016 398 193,273,808 | 7,833,440 | 14,466,669 | 10,120,105 225,694,022
2017 380 245,436,619 | 7,397,866 | 10,468,156 | 10,420,124 273,722,765

Data source: 2015-2017 TRI Data (Updated October 2018) (

U.S. EPA, 2017f).

@ Terminology used in these columns may not match the more detailed data element names used in the TRI public data and
analysis access points.

® Does not include releases due to one-time events not associated with production such as remedial actions or earthquakes.
¢ Counts all releases including release quantities transferred and release quantities disposed of by a receiving facility
reporting to TRI.

Table 1-4. provides a summary of NMP releases to the environment reported to TRI for the same
reporting years as Table 1-3.1 Approximately 19,053 pounds of NMP water releases, 1,532,507 pounds
of NMP air releases, and roughly 7,548,997 pounds of NMP land releases were reported to TRI in 2017.
In addition to the quantities reported as in Table 1-4 as “disposed of in Class | underground injection
wells and Resource Conservation and Recovery Act (RCRA) Subtitle C landfills”, the reported land
disposal techniques included; disposal to landfills other than RCRA Subtitle C (1,920,162 pounds),
Class 11-V underground injection wells (12,115 pounds), land treatment/application farming (3,571
pounds), RCRA Subtitle C surface impoundments (73 pounds), and other land disposal such as waste
piles, spills and leaks (12,521 pounds).?

Table 1-4. Summary of NMP TRI Releases to the Environment from 2015-2017 (lbs)

Total On-
Air Releases Land Disposal and Off-
Class | RCRA Site
Number Fugitive Under- Subtitle | All other Other | Disposal or
of Stack Air Air Water ground C Land Releases Other
Year | Facilities | Releases | Releases | Releases | Injection | Landfills | Disposal @ a Releases ¢
2015 396 887,309 | 546,060 3,625,939 93,217 2,737,671 228,009 | 8,132,388
1,433,370 14,002 6,456,827 ¢
o016 | 30g | 1179654 | 571,314 4,865,286 | 118134 | 2,401,377 283784 | 9.434.409¢
1,750,|967 d 14,861 | 7,384,797 ¢ |
1,110,652 | 421,856 5,243,982 356,574 1,948,441 d
2017 380 1,532,507 19,053 7,548,997 9 456,316 | 9,556,874
Data source: 2015-2017 TRI Data (Updated October 2018) (U.S. EPA, 2017f).
2 Terminology used in these columns may not match the more detailed data element names used in the TRI public data and
analysis access points.

2 Other releases of NMP as shown in Table 1-4 include quantities transferred to a waste broker off-site for disposal (257,614
pounds), storage of NMP off-site (33,000 pound), other off-site management of NMP (14,039 pounds), and unknown off-site
waste management practices (151,664 pounds).
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b These release quantities do include releases due to one-time events not associated with production such as remedial
actions or earthquakes.

¢ Counts release quantities once at final disposition, accounting for transfers to other TRI reporting facilities that ultimately
dispose of the chemical waste.

4Value shown may be different than the summation of individual data elements due to decimal rounding.

While production-related waste managed shown in Table 1-3 excludes any quantities reported as
catastrophic or one-time releases (TRI section 8 data), release quantities shown in Table 1-4 include
both production-related and non-routine quantities (TRI section 5 and 6 data) for 2015-2017. As a result,
release quantities may differ slightly and may further reflect differences in TRI calculation methods for
reported release range estimates (U.S. EPA, 2017f).

1.3 Regulatory and Assessment History

EPA conducted a search of existing domestic and international laws, regulations and assessments
pertaining to NMP. EPA compiled the summary information provided in Table 1-5 from data available
from federal, state, international and other government sources, as cited in Appendix A.

Federal Laws and Regulations

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

State Laws and Regulations
NMP is subject to state statutes or regulations. A summary of state laws, regulations and implementing
authorities is provided in Appendix A.2.

Laws and Regulations in Other Countries and International Treaties or Agreements

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

EPA identified previous assessments conducted by other organizations (see Table 1-5). Depending on

the source, these assessments may include information on conditions of use, hazards, exposures and
potentially exposed or susceptible subpopulations.

Table 1-5. Assessment History of NMP

Authoring Organization Assessment

EPA Assessments

U.S. EPA, Office of Pollution Prevention and TSCA Work Plan Chemical Risk Assessment N-

Toxics (OPPT) Methylpyrrolidone: Paint Stripping Use CASRN
872-50-4 (U.S. EPA, 2015)

U.S. EPA, OPPT Re-assessment of Pesticide Inert Ingredient
Exemption under the Food Quality Protection
Act (U.S. EPA, 2006b)
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Authoring Organization Assessment

Other U.S.-Based Organizations

California Office of Environmental Health Hazard |Proposition 65 Maximum Allowable Dose Level
Assessment (OEHHA) for Reproductive Toxicity (OEHHA, 2003)

International

National Industrial Chemicals Notification and Human Health Tier I11 assessment (NICNAS,
Assessment Scheme (NICNAS), Australian 2013)
Government
Government of Canada, Environment Canada, Draft Screening Assessment of Risks to Human
Health Canada and Ecological Receptors (Environment Canada,
2017)
European Commission (EC), Scientific Committee |Evaluation of Occupational Exposure Limits for
on Occupational Exposure Limits (OELS) NMP (EC, 2016)
Organisation for Economic Co-operation and NMP: SIDS Initial Assessment Profile
Development (OECD), Cooperative Chemicals (OECD, 2007b)
Assessment Program
World Health Organization (WHO) International Concise International Chemical Assessment
Programme on Chemical Safety (IPCS) Document 35 N-METHYLPYRROLIDONE
(WHO, 2001)
Danish Ministry of the Environment Survey of NMP - Miljgstyrelsen
Environmental Protection Agency (Danish Ministry of the Environment, 2015)
486 1.4 Scope of the Evaluation
487 1.4.1 Conditions of Use Included in the Draft Risk Evaluation

488  TSCA (U.S.C. § 3(4)) defines the conditions of use as ‘‘the circumstances, as determined by the

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

490  manufactured, processed, distributed in commerce, used, or disposed of.” The conditions of use are

491  described below in Table 1-6.

492

493  Use categories include the following: “industrial use” means use at a site at which one or more

494 chemicals or mixtures are manufactured (including imported) or processed; “commercial use” means the
495 use of a chemical or a mixture containing a chemical (including as part of an article) in a commercial
496  enterprise providing saleable goods or services; “consumer use” means the use of a chemical or a

497  mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
498  or made available to consumers for their use (U.S. EPA, 2017c).

499  To understand conditions of use relative to one another and associated potential exposures under those
500 conditions of use, Figure 1-1 depicts the life cycle diagram and includes the production volume

501 associated with each stage of the life cycle, as reported in the 2016 CDR reporting (U.S. EPA, 2017c);
502  however, the life cycle diagram for NMP does not include specific production volumes because the
503 information was claimed as confidential business information (CBI).
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Additional worker monitoring data were provided to EPA during the public comment period for the
NMP problem formulation. This information was incorporated into the occupational exposure estimates
for semiconductor and electronics manufacturing.

Table 1-6. Categories and Subcategories of Conditions of Use Included in the Scope of the Draft
Risk Evaluation

reactant or
intermediate

and Resin Manufacturing and in
Pharmaceutical and Medicine
Manufacturing

Life Cycle
Stage Category @ Subcategory P References
Manufacture |Domestic Domestic Manufacture U.S. EPA (2017¢)
Manufacture
Import Import U.S. EPA (2017¢)
Processing Processing as a |Intermediate in Plastic Material |U.S. EPA (2017c¢),

Public comments EPA-HO-OPPT-
2016-0743-0010, EPA-HQ-OPPT-

2016-0743-0015, EPA-HQ-OPPT-

2016-0743-0017

Other U.S. EPA (2017c)
Incorporated | Adhesives and sealant chemicals |U.S. EPA (2017c), Market profile
into in Adhesive Manufacturing EPA-HQ-OPPT-2016-0743,
formulation, Public comments EPA-HO-OPPT-
mixture or 2016-0743-0007, EPA-HQ-OPPT-
reaction 2016-0743-0009, EPA-HQ-OPPT-
product 2016-0743-0011

Anti-adhesive agents in Printing |U.S. EPA (2017c), Market profile

and Related Support Activities EPA-HQ-OPPT-2016-0743

Paint additives and coating U.S. EPA (2017c), Market profile

additives not described by other |EPA-HQ-OPPT-2016-0743,

codes in Paint and Coating Public comments EPA-HQ-OPPT-

Manufacturing; and Print Ink 2016-0743-0007, EPA-HQ-OPPT-

Manufacturing 2016-0743-0009, EPA-HQ-OPPT-

2016-0743-0013

Plating agents and surface U.S. EPA (2017c¢)

treating agents in Fabricated

Metal Product Manufacturing
Incorporated Processing aids not otherwise U.S. EPA (2017c),
into listed in Plastic Material and Public comments EPA-HQ-OPPT-
formulation, Resin Manufacturing 2016-0743-0015, EPA-HQ-OPPT-
mixture or 2016-0743-0017, EPA-HQ-OPPT-
reaction 2016-0743-0035, EPA-HQ-OPPT-
product 2016-0743-0038
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Life Cycle
Stage Category 2 Subcategory P References

Solvents (for cleaning or U.S. EPA (2017c), Market profile
degreasing) in Non-Metallic EPA-HQ-OPPT-2016-0743,
Mineral Product Manufacturing; |Public comments EPA-HQ-OPPT-
Machinery Manufacturing; 2016-0743-0010, EPA-HQ-OPPT-

Processing Plastic Material and Resin 2016-0743-0011, EPA-HQ-OPPT-
Manufacturing; Primary Metal 2016-0743-0027, EPA-HQ-OPPT-
Manufacturing; Soap, Cleaning |2016-0743-0028
Compound and Toilet
Preparation Manufacturing;
Transportation Equipment
Manufacturing; All Other
Chemical Product and
Preparation Manufacturing;
Printing and Related Support
Activities; Services; Wholesale
and Retail Trade
Solvents (which become part of |U.S. EPA (2017c), Market profile
product formulation or mixture) |EPA-HQ-OPPT-2016-0743,
in Electrical Equipment, Public comments EPA-HQ-OPPT-
Appliance and Component 2016-0743-0007, EPA-HQ-OPPT-
Manufacturing; Other 2016-0743-0009, EPA-HQ-OPPT-
Manufacturing; Paint and 2016-0743-0010, EPA-HQ-OPPT-
Coating Manufacturing; Print Ink | 2016-0743-0011, EPA-HQ-OPPT-
Manufacturing; Soap, Cleaning |2016-0743-0019, EPA-HQ-OPPT-
Compound and Toilet 2016-0743-0024, EPA-HQ-OPPT-
Preparation Manufacturing; 2016-0743-0031, EPA-HQ-OPPT-
Transportation Equipment 2016-0743-0034
Manufacturing; All Other
Chemical Product and
Preparation Manufacturing;
Printing and Related Support
Activities; Wholesale and Retail
Trade

Processing Incorporated Surface active agents in Soap, U.S. EPA (2017c), Market profile

into Cleaning Compound and Toilet |EPA-HQ-OPPT-2016-0743
formulation, Preparation Manufacturing
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0028
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0028
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0019
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0019
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0034
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0034
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Life Cycle
Stage Category 2 Subcategory P References
mixture or Other uses in Oil and Gas U.S. EPA (2017c), Market profile
reaction Drilling, Extraction and Support |EPA-HQ-OPPT-2016-0743, Public
product Activities; Plastic Material and  |comment EPA-HQ-OPPT-2016-
Resin Manufacturing; Services |0743-0016
Lubricants and lubricant U.S. EPA (2017c), Market profile
additives in Machinery EPA-HQ-OPPT-2016-0743
Incorporated Manufacturing
into article Paint additives and coating U.S. EPA (2017c)
additives not described by other
codes in Transportation
Equipment Manufacturing
Solvents (which become part of |U.S. EPA (2017c),
product formulation or mixture), | Market profile EPA-HQ-OPPT-
including in Textiles, Apparel 2016-0743, Public comment EPA-
and Leather Manufacturing HQ-OPPT-2016-0743-0027
Other, including in Plastic U.S. EPA (2017c), Market profile
Product Manufacturing EPA-HQ-OPPT-2016-0743; EPA-
HQ-OPPT-2016-0743-0067
Repackaging  |Wholesale and Retail Trade U.S. EPA (2017¢c)
Recycling Recycling U.S. EPA (2017f), U.S. EPA
(2017c), Public comments EPA-
HQ-OPPT-2016-0743-0017, EPA-
HQ-OPPT-2016-0743-0031
Distribution | Distribution Distribution in Commerce U.S. EPA (2017f), U.S. EPA
in commerce (2017c); Use document EPA-HQ-
OPPT-2016-0743-0003
Industrial Paints and Paint and coating removers U.S. EPA (2017c), Market profile
commercial |coatings EPA-HQ-OPPT-2016-0743, Public

and consumer
use

comments EPA-HO-OPPT-2016-

0743-0008, EPA-HQ-OPPT-2016-
0743-0010, EPA-HQ-OPPT-2016-
0743-0011, EPA-HQ-OPPT-2016-
0743-0018, EPA-HQ-OPPT-2016-
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
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=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0067
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0067
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=3834224
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0017
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0017
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3834224
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0003
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0008
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0010
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Life Cycle
Stage

Category @

Subcategory P

References

0743-0023, EPA-HQ-OPPT-2016-
0743-0025, EPA-HQ-OPPT-2016-
0743-0035

Adhesive removers

Market profile EPA-HQ-OPPT-
2016-0743, Public comments EPA-
HQ-OPPT-2016-0743-0011, EPA-
HQ-OPPT-2016-0743-0018

Lacquers, stains, varnishes,
primers and floor finishes

Market profile EPA-HQ-OPPT-
2016-0743, Public comments EPA-
HQ-OPPT-2016-0743-0018, EPA-
HQ-OPPT-2016-0743-0032, EPA-
HQ-OPPT-2016-0743-0035

Powder coatings (surface
preparation)

Market profile EPA-HQ-OPPT-

2016-0743, Public comments EPA-

HQ-OPPT-2016-0743-0016

Paint additives
and coating
additives not
described by
other codes
Paint additives
and coating
additives not
described by
other codes

Use in Computer and Electronic
Product Manufacturing,
Construction, Fabricated Metal
Product Manufacturing,
Machinery Manufacturing, Other
Manufacturing, Paint and
Coating Manufacturing, Primary
Metal Manufacturing,
Transportation Equipment
Manufacturing, Wholesale and
Retail Trade

U.S. EPA (2017c),

Public comments EPA-HQ-OPPT-
2016-0743-0006, EPA-HQ-OPPT-

2016-0743-0007, EPA-HQ-OPPT-

2016-0743-0009, EPA-HQ-OPPT-

2016-0743-0011, EPA-HQ-OPPT-

2016-0743-0013, EPA-HQ-OPPT-

2016-0743-0018, EPA-HQ-OPPT-

2016-0743-0019, EPA-HQ-OPPT-

2016-0743-0023, EPA-HQ-OPPT-

2016-0743-0024, EPA-HQ-OPPT-

2016-0743-0027, EPA-HQ-OPPT-

2016-0743-0031, EPA-HQ-OPPT-

2016-0743-0032, EPA-HQ-OPPT-

2016-0743-0035, EPA-HQ-OPPT-

2016-0743-0036, EPA-HQ-OPPT-

2016-0743-0063; EPA-HQ-OPPT-

2016-0743-0064
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https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0025
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0025
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0032
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0032
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0013
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0013
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0019
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0019
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0032
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0032
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0036
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0036
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0063
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0063
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0064
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0064

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Life Cycle
Stage Category 2 Subcategory P References
Industrial Solvents (for | Use in Electrical Equipment, U.S. EPA (2017¢),
commercial |cleaning or Appliance and Component Public comments EPA-HQ-OPPT-

and consumer
use

degreasing)

Manufacturing.

2016-0743-0006, EPA-HQ-OPPT-

2016-0743-0007, EPA-HQ-OPPT-

2016-0743-0009, EPA-HQ-OPPT-

2016-0743-0023, EPA-HQ-OPPT-

2016-0743-0024, EPA-HQ-OPPT-

2016-0743-0027

Ink, toner and
colorant
products

Printer ink

U.S. EPA (2017c), Use document,

EPA-HQ-OPPT-2016-0743-0003,

Public comments EPA-HO-OPPT-
2016-0743-0006, EPA-HQ-OPPT-

2016-0743-0016, EPA-HQ-OPPT-
2016-0743-0018

Inks in writing equipment

U.S. EPA (2017c), Market profile
EPA-HQ-OPPT-2016-0743, Public
comment EPA-HQ-OPPT-2016-
0743-0018

Processing aids,
specific to
petroleum
production

Petrochemical Manufacturing

U.S. EPA (2017c),
Public comment, EPA-HOQ-OPPT-
2016-0743-0031

Adhesives and
sealants

Adhesives and sealant chemicals
including binding agents

U.S. EPA (2017c), Market profile
EPA-HQ-OPPT-2016-0743, Public
comments EPA-HQ-OPPT-2016-
0743-0006, EPA-HQ-OPPT-2016-
0743-0007, EPA-HQ-OPPT-2016-
0743-0011, EPA-HQ-OPPT-2016-
0743-0016, EPA-HQ-OPPT-2016-
0743-0018, EPA-HQ-OPPT-2016-
0743-0023

Industrial
commercial
and consumer
use

Adhesives and
sealants

Single component glues and
adhesives, including lubricant

U.S. EPA (2017c), Market profile
EPA-HQ-OPPT-2016-0743, Public
comments EPA-HQ-OPPT-2016-
0743-0011, EPA-HQ-OPPT-2016-
0743-0018, EPA-HQ-OPPT-2016-
0743-0035, EPA-HQ-OPPT-2016-
0743-0036
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0009
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0024
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0003
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0031
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0006
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0007
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0036
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0036

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Life Cycle
Stage

Category @

Subcategory P

References

Two-component glues and
adhesives, including some resins

U.S. EPA (2017c), Market profile
EPA-HQ-OPPT-2016-0743, Public
comments EPA-HQ-OPPT-2016-
0743-0011, EPA-HQ-OPPT-2016-
0743-0016, EPA-HQ-OPPT-2016-
0743-0018

Other uses

Soldering materials

Market profile EPA-HQ-OPPT-
2016-0743, Public comments
EPA-HO-OPPT-2016-0743-0023

Anti-freeze and de-icing products

U.S. EPA (2017c)

Automotive care products

U.S. EPA (2017c), Public
comment,
EPA-HQ-OPPT-2016-0743-0035

Lubricants and greases

U.S. EPA (2017c)

Metal products not
covered elsewhere

U.S. EPA (2017c¢),

Public comment,
EPA-HQ-OPPT-2016-0743-0027,
EPA-HQ-OPPT-2016-0743-0028
Public comment, EPA-HQ-OPPT-
2016-0743-0027, EPA-HQ-OPPT-
2016-0743-0028

Laboratory chemicals

U.S. EPA (2017¢),

Public comments EPA-HO-OPPT-
2016-0743-0007, EPA-HQ-OPPT-
2016-0743-0009

Industrial
commercial
and consumer
use

Other uses

Lithium ion batteries

Market profile EPA-HQ-OPPT-
2016-0743, Public comment EPA-
HQ-OPPT-2016-0743-0005

Cleaning and furniture care
products, including wood
cleaners, gasket removers

Market profile EPA-HQ-OPPT-
2016-0743, Public comment EPA-
HQ-OPPT-2016-0743-0025, EPA-
HQ-OPPT-2016-0743-0035

Other uses in Oil and Gas
Drilling, Extraction and Support
Activities ©

U.S. EPA (2017c),

Lubricant and lubricant additives,
including hydrophilic coatings

Market profile EPA-HQ-OPPT-
2016-0743
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https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827204
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0011
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0016
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0018
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/docket?D=EPA-HQ-OPPT-2016-0743
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0023
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=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0035
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=3827204
https://www.regulations.gov/document?D=EPA-HQ-OPPT-2016-0743-0027
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Life Cycle
Stage Category 2 Subcategory P References
U.S. EPA (2017c),
Fertilizer and other agricultural  |Public comment EPA-HQ-OPPT-
chemical manufacturing - 2016-0743-0010, EPA-HQ-OPPT-
processing aids and solvents 2016-0743-0036
U.S. EPA (2017c),
Pharmaceutical and Medicine Public comment
Manufacturing - functional fluids |[EPA-HO-OPPT-2016-0743-0031
(closed systems)
Market profile EPA-HQ-OPPT-
Wood preservatives 2016-0743, Public comment
EPA-HQ-OPPT-2016-0743-0023
Industrial pre-treatment U.S. EPA (2017f)
Disposal Disposal Industrial wastewater treatment  |U.S. EPA (2017f)

Publicly owned treatment works
(POTW)

U.S. EPA (2017f)

Underground injection

U.S. EPA (2017f), Public comment
EPA-HO-OPPT-2016-0743-0031

Landfill (municipal, hazardous or
other land disposal)

Emissions to air

Incinerators (municipal and
hazardous waste)

U.S. EPA (20171), Public comment
EPA-HQ-OPPT-2016-0743-0031

@ These categories of conditions of use appear in the life cycle diagram, reflect CDR codes and broadly represent NMP
conditions of use in industrial and/or commercial settings.
b These subcategories reflect more specific uses of NMP.
¢ Industrial use added to reflect the use of NMP in products in the Oil and Gas Drilling, Extraction This addition to the risk
evaluation will help ensure that EPA determines whether NMP presents an unreasonable risk “under the conditions of use,”

TSCA 6(b)(4)(A).
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PROCESSING

INDUSTRIAL, COMMERCIAL, CONSUMER USES ?

RELEASES and WASTE DISPOSAL

Manufacturing
(Includes Import)
(161 million lbs)

]

Processing as
Reactant/Intermediate
(Volume CBI)

e.g., high-temperature polymers

v

Incorporated into
Formulation, Mixture, or
Reaction Products
(>3.08 million lbs)

e.g., paints, cleaners,adhesives

Incorporated into Article
(> 170,000 lbs)
e.g., machinery, plastics, textiles

IS
L4

v

Paints and Coatings
(> 728,000 lbs)
e.g., paintremoval

Solvents for Cleaning and
Degreasing
(>521,000 Ibs)

e.g., photoresistremoval/cleaner,
sealantremover, cleaner,aerosol
foaming cleaner

Repackaging
(Volume CBI)
e.g., wholesaleandretail trade

T

v

Ink, Toner and Colorant products
(181,000 Ibs)

e.g., printerink

Processing Aids, Specific to
Petroleum Production
(>3,080 lbs)

Adhesives and Sealants
(>1,760 lbs)

e.g., adhesive, automotive seam sealer

Disposal

Recycling
e.g., recovered and

\\

Other Uses
e.g., laboratory chemicals;fabric, textile
and leather products; arts, crafts and
hobby materials;toys, playground and
sporting goods/equipment

&
<

reclaimed solvents

Figure 1-1. NMP Life Cycle Diagram
The life cycle diagram depicts the conditions of use that are considered within the scope of the draft risk evaluation during various life
cycle stages including manufacturing, processing, distribution, use and disposal. The production volumes shown are for reporting year
2015 from the 2016 CDR reporting period (U.S. EPA, 2017c). Activities related to distribution (e.g., loading, unloading) will be

considered throughout the NMP life cycle, rather than using a single distribution scenario.
2See Table 1-6 for additional uses not mentioned specifically in this diagram.
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1.4.2  Conceptual Model
EPA considered the hazards that may result from exposure pathways outlined in the preliminary
conceptual models of the NMP Scope document (U.S. EPA, 2017d). These conceptual models
considered potential exposures resulting from consumer activities and uses, industrial and commercial
activities, environmental releases and waste disposal. During problem formulation EPA modified the
initial conceptual models provided in the NMP Scope document based on reasonably available
information identified for NMP (U.S. EPA, 2018c). For reasons described below, the oral route of
exposure was removed from the conceptual model for consumer activities and uses.

During risk evaluation, EPA considered oral exposures that may result from consumer use of NMP-
containing products (e.g., infant mouthing behaviors). EPA reviewed experimental product-testing
information on NMP content in consumer articles and determined which products are likely to be
mouthed (e.g., blankets, toys). EPA then identified information sources that measured NMP content in
various consumer products and considered additional contextual information regarding product use,
including the extent of NMP migration from these products. Based on this information, the potential for
consumer exposure via the oral route is expected to be negligible; therefore, this exposure pathway will
not be further analyzed.

The conceptual model presented in the NMP Problem Formulation also listed dust as potential NMP
exposure pathway for consumers. There is limited information available on NMP levels in dust, but EPA
expects the impacts of this uncertainty to be negligible, as this exposure source is encompassed within
the conservative estimates derived for dermal and inhalation exposures (Environment Canada, 2017).

Lastly, EPA did analyze NMP exposures to bystanders (i.e., those located near consumers during use)
who do not have direct contact with NMP-containing consumer products. Though EPA’s 2015 Paint
Remover risk assessment showed no risks to bystanders from indirect exposure to NMP air
concentrations associated with consumer use, the supplemental paint remover analysis in the risk
assessment consisted of several scenarios resulting in high NMP air concentrations that could expose
other individuals in the home (see 6F.2) (U.S. EPA, 2015). Given the evaluation of a greater number of
conditions of use in addition to paint removers, EPA estimated NMP exposures to bystanders.
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INDUSTRIAL AND COMMERCIAL EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS ¢© HAZARDS
ACTIVITIES / USES

Manufacturing |

Processing:
* As reactant/
intermediate

* Incorporatedinto .
X . Liquid Contact
formulation, mixture, or
reaction product

* Incorporatedintoarticle
* Repackaging

)

k
Inhalation @

Hazards Potentially Associated with
Acute and/or Chronic Exposures

Occupational
Non-Users

#I Vapor / Mist

T

\J

Recycling |

Paints and Coatings Outdoor Air ¢
e.g., paintremoval 2 (See Figure 2-4 for
Emissions to Air)

Solvents for Cleaningand
Degreasing

Inks, Toner and Colorant
Products KEY:
Gray Text: Sources/Media/Receptors that will
ProcessingAids, Specific to not be further analyzed
Petroleum Production ——) Pathways that will befurther analyzed
Pathways that will notbe further
analyzed

| Adhesives and Sealants |

| Other Uses ® |

) WasteHandling, ||

Treatment and Disposal

Wastewater , Liquid Wastes, Solid Wastes
(See Figure 1-4)

Figure 1-2. NMP Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposures and Hazards

The conceptual model presents exposure pathways, routes and hazards to human receptors from industrial and commercial uses of NMP.
2 U.S. EPA (2015) assessed NMP use in paint removal; these uses will be considered during risk evaluation to ensure previous assessments are aligned with the
Procedures for Chemical Risk Evaluation under the Amended Toxic Substances Control Act (40 CFR Part 702).

b Some products are used in both commercial and consumer applications. Additional uses of NMP are included in Table 1-6.

¢ Emissions to outdoor air include stack emissions and fugitive emissions such as 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.

dQral exposure via incidental ingestion of inhaled vapor/mist will be considered as an inhalation exposure.

¢ Receptors include potentially exposed or susceptible subpopulations.

fWhen data and information are available to support the analysis, EPA expects to consider the effect that engineering controls and/or personal protective equipment
have on occupational exposure levels.
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CONSUMER ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS © HAZARDS

-

.

" Hazards Potentially Associated
Adhesives and Sealants | Oral® with Acute Exposures:

Solvents for Cleaningand
. Dermal
Degreasing
Liguid Contact l—‘

» .
See Section 2.4.2
Paints and Coatings® Bystanders
e.g., paintremoval i
Vapor/Mist/Dust l— Inhalation

Ink, Toner, and Colorant Products
e.g., printerink

il

Other Uses®
g.g., arts, crafts and hobby
materials

Dermal
Liguid Contact ‘ m
Consumer Handling and Disposal Orald

—N
of Waste* Vapor/Mist/Dust |
\_’ Bystanders
Woaostewater, Liquid Wastes, Solid Waostes 4{ Inhalation ]—b

(See Figure 2-4) KEY:
Gray Text: Sources/Media,/Receptors that will
not be further analyzed

———p Pathways that will be further analyzed

Pathways that will not be further

analyzed

Figure 1-3. NMP Conceptual Model for Consumer Activities and Uses: Potential Exposures and Hazards

The conceptual model presents the exposure pathways, routes and hazards to human receptors from consumer activities and uses of NMP.
2 U.S. EPA (2015) assessed NMP use in paint and coating removal; these uses will be considered during risk evaluation to ensure previous assessments are aligned
with the Procedures for Chemical Risk Evaluation under the Amended Toxic Substances Control Act (40 CFR Part 702).

® Some products are used in both commercial and consumer applications; additional uses of NMP are included in Table 1-6.

¢ Consumers may also be exposed while handling municipal wastes; however, the pathway is uncertain.

d Oral exposure via incidental ingestion of inhaled vapor/mist/dust will be considered as an inhalation exposure.

¢ Receptors include potentially exposed or susceptible subpopulations.
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RELEASES AND WASTES FROM EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS © HAZARDS
INDUSTRIAL / COMMERCIAL / CONSUMER USES

Industrial Pre-
Treatment or
Industrial WWT

Indirect |discharge
Wastewater or

Liquid Wastes @ POTW

Underground
Injection

Municipal,
a| Hazardous Landfill
¥l or Other Land

Disposal
Solid Wastes
—P Incinerators
Liquid Wastes (Municipal &

Hazardous Waste)

Off-site Waste
Transfer

L WasteTransport
Recycling, Other
Treatment ° T KEY:

Emissions to Air Gray Text: Sources/Media/Receptors that will notbe
further analyzed

Pathways that will be further analyzed
Pathways that will notbe further analyzed

571
572
573  Figure 1-4. NMP Conceptual Model for Environmental Releases and Wastes: Potential Exposures and Hazards

574  The conceptual model presents the exposure pathways, routes and hazards to human and environmental receptors from NMP environmental releases.
575  2Industrial 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).
576 For consumer uses, such wastes may be released directly to POTW (i.e., down the drain). Drinking water will undergo further treatment in drinking water treatment plant.
577  Ground water may also be a source of drinking water.

578 b Additional releases may occur from recycling and other waste treatment.

579 ¢ Volatilization from or contact with NMP-containing drinking/tap water during showering, bathing and washing represents another potential exposure pathway.

580 9 Presence of mist is unlikely; inhalation and oral exposure are expected to be negligible.

581 ¢ Receptors include potentially exposed or susceptible subpopulations.
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EPA did not include pathways under programs of other environmental statutes, administered by
EPA for which long-standing regulatory and analytical processes already exist. For example,
EPA does not consider on-site NMP land releases that are disposed via underground injection in
the risk evaluation. Most of the on-site land disposal reported for NMP in the 2015 TRI was to
Class I underground injection wells (approximately 3.6 million pounds), with no reported
environmental releases via underground injection to Class 11-V1 wells (U.S. EPA, 2017c).
Environmental disposal of NMP via injection into Class | wells is managed and prevented from
further environmental releases by RCRA and Safe Drinking Water Act (SDWA) regulations.
Therefore, disposal of NMP via underground injection is not likely to result in environmental
and general population exposures.

During problem formulation, EPA used information reported in EPA’s Toxics Release Inventory
(TRI) to predict NMP surface water concentrations near facilities reporting the largest discharges
to water. NMP surface water concentrations were estimated using conservative assumptions with
EPA’s Exposure and Fate Assessment Screening Tool, Version 2014 (E-FAST 2014). TRI water
releases for the top 12 facilities reporting NMP releases and the associated estimates of NMP
surface water concentrations estimated in the NMP Problem Formulation (U.S. EPA, 2018c) are
shown in Appendix D.

EPA identified a low risk concern for NMP exposure to aquatic organisms based on the TRI
reported discharges of NMP to surface waters. To capture “high-end” surface water
concentrations, EPA compiled the release data for six facilities that reported the largest NMP
direct water releases. This represented > 99% of the total volume of NMP reported as a direct
discharge to surface water during the 2015 TRI reporting period. Comparing these “high-end”
surface water concentrations with the respective concentrations of concern identified for aquatic
organisms indicate a low risk concern (see Table 4-1). EPA does not anticipate a risk concern for
environmental receptors from NMP releases to surface water.
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1.5 Systematic Review

TSCA requires EPA to use scientific information, technical procedures, measures, methods,
protocols, methodologies and models consistent with the best available science and base
decisions under Section 6 on the weight of scientific evidence. Within the TSCA risk evaluation
context, the weight of the scientific evidence is defined as “a systematic review method, applied
in @ 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” (40
C.F.R. 702.33).

To meet the TSCA § 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, 2018a). 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
“reasonably available information” 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 C.F.R. 702.33).

EPA is implementing systematic review methods and approaches within the regulatory context
of the amended TSCA. Although EPA will make an effort to adopt as many best practices as
practicable from the systematic review community, EPA expects modifications to the process to
ensure that the identification, screening, evaluation and integration of data and information can
support timely regulatory decision making under the aggressive timelines of the statute.

1.5.1 Data and Information Collection
EPA planned and conducted a comprehensive literature search based on key words related to the
discipline-specific evidence supporting the risk evaluation (e.g., environmental fate and
transport; engineering releases and occupational exposure; exposure to general population,
consumers and environmental exposure; and environmental and human health hazards). EPA
then developed and applied inclusion and exclusion criteria during the title and abstract
screening to identify information potentially relevant for the risk evaluation process. The
literature and screening strategy as specifically applied to NMP is described in the Strategy for
Conducting Literature Searches for NMP: Supplemental File to the TSCA Scope document (U.S.
EPA, 2017e); results of the title and abstract screening process are published in the N-
Methylpyrrolidone (CASRN 872-50-4) Bibliography: Supplemental File to the TSCA Scope
Document (U.S. EPA, 2017D).

For studies determined to be on-topic 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,
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exposures, comparators, and outcomes (PECO) framework or a modified framework?. Data
sources that met the criteria were carried forward to the data evaluation stage. The inclusion and
exclusion criteria for full text screening for NMP are available in Appendix G of the NMP
Problem Formulation document (U.S. EPA, 2018c).

In addition to the comprehensive literature search and screening process described above, EPA
leveraged information presented in previous assessments* when identifying relevant key and
supporting data® and information for developing the NMP draft risk evaluation. This is discussed
in the Strategy for Conducting Literature Searches for NMP: Supplemental Document to the
TSCA Scope document (U.S. EPA, 2017e). In general, many of the key and supporting data
sources were identified in the NMP (CASRN 872-50-4) Bibliography: Supplemental File for the
TSCA Scope Document (U.S. EPA, 2017b). However, there were instances where EPA missed
relevant sources that were not captured in the initial categorization of the on-topic references.
EPA found additional data and information using backward reference searching, a technique that
will be included in future search strategies. This issue was discussed in Section 4 of the
Application of Systematic Review for TSCA Risk Evaluations(U.S. EPA, 2018a). Other relevant
key and supporting studies were identified through targeted supplemental searches conducted to
inform the analytical approaches and methods used in the NMP draft risk evaluation (e.g., to
identify specific information needed for exposure modeling) or to identify new information
published after the date of the initial search.

EPA used previous chemical assessments to quickly identify relevant key and supporting studies
in order to expedite the data quality evaluation of these data sources, but many were already
captured in the comprehensive literature search strategy described above. EPA also considered
newer information not covered by previous chemical assessments, as described in the Strategy
for Conducting Literature Searches for NMP: Supplemental Document to the TSCA Scope
document (U.S. EPA, 2017¢). EPA then evaluated the confidence of this information rather than
evaluating the confidence of all underlying evidence ever published on NMP fate and transport,
environmental releases, and environmental and human exposure and hazard potential. Such a
comprehensive evaluation would be extremely labor intensive and could not be achieved under
the TSCA statutory deadlines for most chemical substances, especially those that are data rich.
EPA also considered how this approach to data evaluation would change the conclusions
presented in previous assessments.

Using this pragmatic approach, EPA maximized the scientific and analytical efforts of other
regulatory and non-regulatory agencies by accepting for the most part, the relevant scientific

3 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.

4 Examples of existing assessments are EPA’s chemical assessments (e.g. previous work plan risk assessments,
problem formulation documents), ATSDR’s Toxicological Profiles, EPA’s IRIS assessments and ECHA’s dossiers.
This is described in more detail in the Strategy for Conducting Literature Searches for 1,4-Dioxane: Supplemental
File for the TSCA Scope Document (https://www.epa.gov/sites/production/files/2017-06/documents/14-
dioxane_lit search_strategy 053017.pdf).

5> Key and supporting data and information are those that support key analyses, arguments, and/or conclusions in the

risk evaluation.
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684  knowledge gathered and analyzed by others, except for influential information sources that may
685  impact the weight of the scientific evidence underlying EPA’s risk findings. This influential
686  information (i.e., key/supporting studies) came from a smaller pool of information sources

687  subjected to the rigor of the TSCA systematic review process to ensure that the best available
688  science is incorporated into the weight of the scientific evidence used to support the NMP draft
689  risk evaluation.

690

691  The literature flow diagrams shown in Figures 1-5, 1-6, 1-7, 1-8, and 1-9 highlight the results
692  obtained for each scientific discipline based on this approach. Each diagram provides the total
693  number of references considered at the start of each systematic review stage (i.e., data search,
694  data screening, data evaluation, data extraction/data integration) and those excluded based on the
695  criteria guiding EPA’s screening and data quality evaluation decisions.

696

697  EPA made the decision to bypass the data screening step for data sources that were highly

698 relevant to the draft risk evaluation as described above. These data sources are depicted as

699  “key/supporting data sources” in the literature flow diagrams. Note that the number of

700  “key/supporting data sources” were excluded from the total count during the data screening stage
701  and added, for the most part, to the data evaluation stage depending on the discipline-specific
702  evidence. The exception was the engineering releases and occupational exposure data sources
703  that were subject to a combined data extraction and evaluation step (Figure 1-6).

704

705
{ Data Search Results (n=2,372) ]
*Key trusted studies [ ) Excluded References
Data S =2,371 |—~
(n=1) ata Screening (n ) (n=2,361)
Excluded: Ref that are
,[ Data Evaluation (n=11) ]—» unacceptable based on the
evaluation criteria (n=1)
[ Data Extraction/Data Integration (n=10) ]
*These are key and supporting studies from existing assessments (e.g., EPA IRIS assessments, ATSDR assessments, ECHA
dossiers) that were highly relevant for the TSCA risk evaluation. These studies bypassed the data screening step and
2706 moved directly to the data evaluation step.

707  Figure 1-5. Key/Supporting Data Sources for Environmental Fate and Transport

708

709  The number of publications considered in each step of the systematic review of the NMP fate
710  and transport literature is summarized in Figure 1-5. Literature on the environmental fate and
711  transport of NMP were gathered and screened as described in Appendix C of the Application of
712  Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a). Additional information

713  regarding the literature search and screening strategy for NMP is provided in EPA’s Strategy for
714  Conducting Literature Searches for N-Methylpyrrolidone (NMP): Supplemental File to the TSCA
715  Scope Document (U.S. EPA, 2017e). The results of this screening are published in the NMP
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(CASRN 872-50-4) Bibliography: Supplemental File to the TSCA Scope Document (U.S. EPA
2017b).

[ Data Search Results (n=2,419)
Data Screening (n= 2,419) Excluded References (n= 2,349)
1
ni 0
) Excluded: Ref that are
Key/supporting Data Extraction/Data Evaluation (n= o .
data sources 105) > unacceptable based on
(n= 35) ) evaluation criteria (n=6)
; = *Data Sources that were not
Data Integration (n= 60
[ 9 ( ) J integrated (n=39)

*The quality of data in these sources (n=39) were acceptable for risk assessment purposes, but they
were ultimately excluded from further consideration based on EPA's integration approach for
environmental release and occupational exposure data/information. EPA's 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.

Figure 1-6. Key/Supporting Sources for Releases and Occupational Exposures

As shown in Figure 1-6, the literature search strategy for NMP environmental releases and
occupational exposures yielded 2,419 data sources. Of these, 70 data sources were determined to
be relevant to the NMP draft risk evaluation during the data screening process. These relevant
data sources progressed to 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). This supplemental search yielded 35
relevant data sources that bypassed the initial data screening step. These new data sources were
added to the 70 data sources originally determined to be relevant during the data screening
process; all were evaluated and extracted in accordance with the process described in Appendix
D of the Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA
2018a). Of the 105 sources evaluated, 6 were rated as containing only unacceptable data based
on serious flaws detected during data evaluation. Of the 99 sources considered for data
integration, 39 were not integrated based on EPA’s integration approach (i.e., higher quality data
were used). Data from the remaining 60 sources were integrated into the NMP draft risk
evaluation.
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r—( Data Search Results (n=132) ]
*Key trusted

studies (n=0}) Data Screening (n=132) Excluded References (n=110)

n=22

4

] Excluded: Ref that are
Data Evaluation (n=22) unacceptable based on
evaluation criteria (n=1)

[ Data Extraction/Data Integration (n=21) ]

*Any relevant studies from prior assessments that were identified as potentially relevant for TSCA assessment
needs bypassed the data screening step and moved directly to the data evaluation step (e.g. key/supporting
studies from IRIS assessments, ATSDR assessments, ECHA dossiers, efc).

Figure 1-7. Key/Supporting Sources for General Population, Consumer and Environmental
EXxposures

The number of data and information sources considered in each step of the systematic review of
NMP literature on general population, consumer and environmental exposure is summarized in
Figure 1-7. The literature search results for general population, consumer and environmental
exposures yielded 132 data sources. Of these data sources, 22 were determined to be relevant to
the NMP draft risk evaluation through the data screening process. These relevant data sources
were evaluated in accordance with Appendix E of the Application of Systematic Review in TSCA
Risk Evaluations document (U.S. EPA, 2018a).
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[ Data Search Results (n =719)

!

Excluded References due to
Title/Abstract Screening (n = 714) ECOTOX Criteria
(n=698)
Excluded References due to
Full Text Screening (n = 16) ECOTOX Criteria
(n=12)
g Excluded References that are
Key/Supporting . unacceptable based
Studies Data Evaluation (n = 9) on evaluation criteria and/or are
(n=5) out of scope
(n=4)

!

[ Data Extraction / Data Integration (n = 5) J

Figure 1-8. Key/Supporting Data Sources for Environmental Hazards

The environmental hazard data sources for NMP were identified through literature searches and
screening strategies using the ECOTOXicology knowledgebase system (ECOTOX) Standing
Operating Procedures. For studies determined to be on-topic after title and abstract screening,
EPA conducted a full text screening to further exclude citations that were not considered relevant
to the NMP draft risk evaluation. Screening decisions were made based on eligibility criteria as
documented in the ECOTOX User Guide (U.S. EPA, 2018b)). Additional details can be found in
the Strategy for Conducting Literature Searches for NMP: Supplemental Document to the TSCA
Scope Document (U.S. EPA, 2017e).

The literature search strategy for environmental hazard data identified 719 citations for NMP
Figure 1-8). At the title and abstract screening phase, 698 of these citations were excluded as
“off-topic” based on EPA’s ECOTOX knowledgebase criteria. The remaining 16 citations
underwent a more thorough (full-text) screening process using the same ECOTOX criteria to
determine which should proceed to data evaluation. Several citations were determined to be “out
of scope” during the initial screening steps and were therefore excluded from data evaluation.
Five “Key/Supporting Citations” for Environmental Hazard were identified by EPA as a result of
a review of the OECD HPV SIDS Document for NMP (OECD, 2009b). EPA obtained the full
study reports from BASF and GAF (only summaries are provided in the OECD document). Of
these five citations, three were translated from German. These five citations were found
independently from the ECOTOX process.
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EPA developed data quality evaluation criteria based on a combination of EPA’s
ECOTOXicology knowledgebase (ECOTOX) criteria and the Criteria for Reporting and
Evaluating ecotoxicity Data (CRED), as discussed in the Applications of Systematic Review for
TSCA Risk Evaluations (U.S. EPA, 2018a). Nine citations went through the data evaluation
process using the data quality evaluation criteria for NMP. EPA analyzed each individual
toxicity study in each of these citations using the data quality evaluation to determine the overall
study quality. Four citations were excluded during data evaluation. In total, five citations were
evaluated for data extraction/integration in the NMP draft risk evaluation.

'—( Data Search Results (n=1,397)

Data Screening (n =1,394) Exduded References (n=1.361)

(n=3)

Key/supporting data
sources

. Excluded: Ref thatare
Data Evaluation (n = 36) unacceptable based on
evaluation cnteria (n = 3)

[ Data Extraction/Data Integration (n = 33) ]

*Any relevant studies from prior assessments that were identified as potentially relevant for TSCA assessment
needs bypassed the data screening step and moved directly to the data evaluation step (e.g. key/supporting
siudies from IRIS assessments, ATSDR assessments, ECHA dossiers, etc.).

Figure 1-9. Literature Flow Diagram for Human Health Key/Supporting Data Sources

The literature search strategy used to gather human health hazard information for NMP yielded
1,397 studies. This included three key and supporting studies (identified from previous
regulatory assessments) that skipped the initial screening process and proceeded directly to the
data evaluation phase. Of the 1,394 studies identified for NMP, 1,361 were excluded as off topic
during the title and abstract screening phase. The remaining 36 human health hazard studies
advanced to full text screening; 33 were determined to be relevant to the NMP draft risk
evaluation. These relevant data sources were evaluated and extracted in accordance with the
process described in Appendix G of the Application of Systematic Review in TSCA Risk
Evaluations Document (U.S. EPA, 2018a). Additional details can be found in EPA’s Strategy for
Conducting Literature Searches for N-Methylpyrrolidone (NMP): Supplemental File to the TSCA
Scope document (U.S. EPA, 2017e). The results of this screening process are published in the
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NMP (CASRN 872-50-4) Bibliography: Supplemental File to the TSCA Scope Document (U.S.
EPA, 2017b).

1.5.2 Data Evaluation
During the data evaluation stage, EPA assessed the quality of the data sources using the
evaluation strategies and criteria described in the Application of Systematic Review in TSCA Risk
Evaluations (U.S. EPA, 2018a). EPA evaluated the quality of all data sources that passed full-
text screening. Each data source received an overall confidence rating of high, medium, low or
unacceptable.

The results of the data quality evaluations are summarized in Sections 2.1 (Fate and Transport),
2.2 (Releases to the Environment), 2.3 (Environmental Exposures), 2.4 (Human Exposures), 3.1
(Environmental Hazards), and 3.2 (Human Health Hazards). Supplemental files 1A-1H (see list
of supplemental files in Appendix B) also provide details of the data evaluations including
individual metric scores and the overall study score for each data source.

1.5.3 Data Integration
Data integration includes analysis, synthesis and integration of information for the risk
evaluation. During data integration, EPA considers quality, consistency, relevance, coherence
and biological plausibility to make final conclusions regarding the weight of the scientific
evidence. As stated in the Application of Systematic Review in TSCA Risk Evaluations (U.S.
EPA, 2018a), data integration involves transparently discussing the significant issues, strengths,
and limitations as well as the uncertainties of the reasonably available information and the major
points of interpretation (U.S. EPA, 2018d).

EPA used previous assessments to identify key and supporting information and then analyzed
and synthesized available lines of evidence regarding NMP’s chemical properties, environmental
fate and transport properties and its potential for exposure and hazard. EPA’s analysis also
considered recent data sources that were not considered in the previous assessments (Section
1.5.1) as well as reasonably available information on potentially exposed or susceptible
subpopulations.

The exposures and hazards sections describe EPA’s analysis of the relevant lines of evidence that

were found acceptable for the risk evaluation based on the data quality reviews provided in the
supplemental files.
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2 EXPOSURES

This section describes EPA’s approach to assessing environmental and human exposures. First,
the fate and transport of NMP in the environment is characterized. Then, NMP environmental
releases are assessed. Last, this information is integrated into an assessment of occupational and
consumer exposures (including potentially exposed or susceptible subpopulations). For all
exposure-related disciplines, EPA screened, evaluated, extracted and integrated reasonably
available empirical data. In addition, EPA used models to estimate exposures. Both empirical
data and modeled estimates were considered when selecting values for use in the exposure
assessment.

The exposure pathways evaluated in the current assessment include dermal, vapor-through-skin
and inhalation. NMP is well absorbed following dermal exposures and dermal absorption
including NMP from the vapor phase typically contributes significantly to human exposure
(Bader et al., 2008; Keener et al., 2007). NMP diluted in water has reduced dermal absorption
(Keener et al., 2007; Payan et al., 2003) while NMP diluted in other solvents, such as d-
limonene, can increase the absorption of NMP (Huntingdon Life Sciences, 1998) and prolonged
exposures to neat (i.e., pure) NMP increases the permeability of the skin (RIVM, 2013). NMP is
also absorbed via inhalation (Akesson and Paulsson, 1997) but the low vapor pressure and mild
volatility can limit the amount of NMP available for inhalation. For nearby non-users, exposures
were limited to inhalation and vapor-through-skin exposure routes. In all cases, internal doses
integrating the different exposure routes were derived using a PBPK model.

The previously published PBPK model for NMP (Poet et al., 2010) was adapted for use by EPA
and described in Appendix I. The model predicted absorption of liquid or vapor from the NMP
concentration, duration of contact and physiological descriptions such as body weight. The
physiological parameters of body weight and skin surface area used were specific to pregnant
women and women of childbearing age for acute exposures and to men for chronic exposures.
Absorption of NMP via inhalation depended on the NMP concentrations in air. Dermal
absorption of NMP depended on the NMP weight fraction in liquid, NMP vapor concentration
and skin surface area exposed to liquid and vapor. The thickness of the liquid film did not factor
directly into the estimate of liquid NMP absorption. As a conservative estimate for user scenarios
it was assumed that fresh material would be constantly deposited over the time of use such that
the concentration on the skin would remain essentially constant at the formulation concentration.
For example, a thin layer of compound is assumed to cover the surface area of the hands due the
activities of the condition use, which may include use of sponges or rags with either both hands
or one hand covered for high end and central tendency, respectively. The exposure parameters
used to estimate internal NMP doses for the occupational and consumer exposure scenarios are
described below.

Exposure equations and selected values used in the exposure assessment are presented in the
following sections. More specific information is provided in Supplementary Files.

Following inclusion of NMP on EPA’s TSCA Chemical Work Plan list in 2012, EPA published
an assessment of the human health risks associated with NMP use in paint and coating removal
(U.S. EPA, 2015) prior to passage of the Lautenberg Act amendments to TSCA. Since that time,
EPA has published the Scope (U.S. EPA, 2017d) and Problem Formulation (U.S. EPA, 2018c)
for the current risk evaluation.

Page 54 of 487


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539721
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539848
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539848
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539954
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809428
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809440
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539701
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539966
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827504
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4121179
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085608

876

877
878
879
880

881
882
883
884
885
886
887

888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

2.1 Fate and Transport

The environmental fate studies considered for this assessment are summarized in Table 2-1. This
information has not changed from that provided in the NMP Problem Formulation (U.S. EPA
2018c).

2.1.1 Fate and Transport Approach and Methodology
Environmental fate data were evaluated using the environmental fate data quality criteria
outlined in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a).
The study evaluation results are documented in the data evaluation tables presented in EPA-HQ-
OPPT-2019-0236. Environmental fate data from studies which met data quality requirements (as
indicated by high, medium, or low data quality scores) were extracted and integrated into the
current risk evaluation to characterize the environmental fate of NMP.

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, 2018a).
Reasonably available environmental fate data were selected for use in the current evaluation.
EPA also used environmental fate and transport characteristics of NMP described in previous
regulatory and non-regulatory assessments to inform the environmental fate and transport
information discussed in this section and in Appendix C. EPA has high confidence in the
information used in the previous assessments to describe the environmental fate and transport of
NMP and thus used it to make scoping decisions.

Although EPA conducted a comprehensive literature search and screening process as described
in Section 1.5, information reported in previous chemical assessments was also used to identify
key and supporting studies that could inform the current analysis (i.e., information supporting
key assumptions, arguments, and/or conclusions). Where applicable, EPA also considered newer
information that was not considered in the previous chemical assessments. EPA did not critically
evaluate all underlying evidence ever published on the environmental fate and transport of NMP,
but instead focused its data evaluation efforts on key and supporting studies identified
previously, and any relevant information identified subsequently. Using this pragmatic approach,
EPA maximized its own resources and the scientific and analytical efforts of other regulatory and
non-regulatory agencies by accepting for the most part, the scientific knowledge gathered and
analyzed by others. As a result, a smaller pool of information was subjected to the TSCA
systematic review process to ensure that the NMP risk evaluation uses the best available science
to support the weight of the scientific evidence.

Please note that other data sources may be cited as part of the reasonably available evidence
presented on the fate and transport properties of NMP. For instance, EPA assessed the quality of
a study on the ready biodegradability of NMP (U.S. EPA, 2019i) based on the data quality
criteria described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018a) and the study was determined to be of ‘medium’ confidence. Other fate estimates were
based on modeling results from EPI Suite™ (U.S. EPA, 2012c), a predictive tool for
physical/chemical and environmental fate properties. The data evaluation tables describing the
review of key and supporting fate data sources can be found in the supplemental document,
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Systematic Review Supplemental File: Data Quality Evaluation of Environmental Fate and
Transport Studies (U.S. EPA, 2019).

The NMP physical-chemical properties and environmental fate characteristics used in the current
assessment are presented in Tables 1-1 and 2-1, respectively. EPA used EPI Suite™ estimations
and reasonably available fate data to characterize the environmental fate and transport of NMP.
During problem formulation, EPA also analyzed the air, water, sediment, land and biosolids
pathways. These results are described in the NMP Problem Formulation document (U.S. EPA
2018c).

Environmental fate data from studies were evaluated using the environmental fate data quality
criteria outlined in The Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018a). The study evaluation results are documented in Appendix C. Environmental fate data
from acceptable studies were extracted and integrated during risk evaluation. Based on the
results obtained from the data quality evaluation process EPA has high confidence in the studies
used to characterize the environmental fate of NMP. The data extracted from environmental fate
studies are shown in Appendix C and the full environmental fate data quality ratings are
presented in the supplemental file (U.S. EPA, 2019).

NMP does not persist in the environment. Upon release into the atmosphere, it is degraded via
reaction with photo-chemically produced hydroxyl radicals in ambient air. The half-life for this
reaction is approximately 5.8 hours, assuming a hydroxyl radical concentration of 1.5 x 106
hydroxyl radicals/cm3 air and a 12-hour day (U.S. EPA, 2015). NMP is hygroscopic and can
dissolve in water droplets. Atmospheric releases may be removed by condensation or further
reaction with hydroxyl radicals.

Although neat (pure) NMP is slightly volatile, volatilization from water and moist soils is not
likely based on its Henry’s Law constant (3.2 x 10-9 atm m3/mole). NMP is not expected to

adsorb to suspended solids or sediment upon release to water due to its estimated soil organic
carbon/water partition coefficient (log Koc = 0.9). NMP exhibits high mobility in soil; hence,
environmental releases are expected to migrate from soil to ground water (U.S. EPA, 2012c¢).

EPI Suite™ (U.S. EPA, 2012c) modules were used to predict volatilization of NMP from
wastewater treatment plants, lakes and rivers. The EPI Suite™ module that estimates chemical
removal in sewage treatment plants (“STP” module) was run to evaluate the potential for NMP
to biodegrade, volatilize to air or adsorb to sludge during wastewater treatment. The STP
module, using BIOWIN predictions for biodegradation rates, estimates that most of NMP
releases to wastewater (> 90%) will be removed by biodegradation. BIOWIN model predictions
further indicate negligible removal of NMP (< 1%) via adsorption to sludge or volatilization to
air. The EPI Suite™ input values are listed in Appendix C, Figure C1 and the EPI Suite™
output are listed in the NMP Fate Supplementary Document (U.S. EPA, 2019).
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Table 2-1. Environmental Fate Characteristics of NMP

Property or Study
Endpoint Value 2 Reference Quality
Direct photo- Not available
degradation
Indirect photo-  [5.8 hours (estimated for atmospheric degradation)®  |(U.S. EPA High
degradation 2012¢)
Hydrolysis half- | Does not undergo hydrolysis (U.S. EPA NA
life 2015)
45% COD/2wks; (95% in 2weeks based on GC peak |(Chow and High (1.37)
disappearance) [aerobic in static die-away system Ng, 1983)
test, sewage sludge inoculum, OECD 301A]
Biodegradation | 73% in 28 days (aerobic in water, Ready (Toxicology — [Medium
Biodegradability, Modified Ministry of International |and (1.8)
Trade and Industry (MITI), OECD 301C) Regulatory
Affairs, 2003)
Bioconcentration |3.16 (estimated)® (U.S. EPA High
factor (BCF) 2012¢)
Bioaccumulation [0.9 (estimated)® (U.S. EPA High
factor (BAF) 2012c)
Soil organic 0.9 (estimated)® (U.S. EPA High
carbon/water 2012¢)
partition
coefficient (log
Koc)
@ Measured unless otherwise noted.
® Information was estimated using EPI Suite (U.S. EPA, 2012c)
NA: Not applicable

The EPI Suite™ module that estimates volatilization from lakes and rivers was run using default
settings to evaluate the potential for NMP to volatilize from surface water. The model results
indicate that volatilization from surface water is unlikely to be a significant removal pathway for
NMP. Aerobic biodegradation is expected to be the primary removal pathway for NMP in many

surface water environments based on measured data (see Table 2-1).

Experimental data and EPI Suite™ model predictions indicate that NMP will degrade in aerobic
environments; however, the BIOWIN module within EPI Suite™ that estimates anaerobic
biodegradation potential (BIOWIN 7) (U.S. EPA, 2019i, 2012c¢) predicts that NMP will not
rapidly biodegrade under anaerobic conditions. These model predictions are consistent with

previous assessments of NMP degradation potential (OECD, 2007b; Toxicology and Regulatory
Affairs, 2003; WHO, 2001; U.S. EPA, 1998; Chow and Ng, 1983).
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NMP exhibits low potential for bioaccumulation and bioconcentration in the environment.
Measured bioconcentration studies for NMP were not presented in EPA’s previous evaluation of
risks associated with NMP use in paint and coating removal (U.S. EPA, 2015); however, based
on the estimated BAF and BCF values (0.9 and 3.16, respectively), NMP is not expected to
bioaccumulate or bioconcentrate in aquatic organisms (U.S. EPA, 2012c; OECD, 2007b; U.S.
EPA, 1999).

2.2 Releases to the Environment

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

Under the Emergency Planning and Community Right-to-Know Act (EPCRA) Section 313,
NMP has been a TRI-reportable substance effective January 1, 1995. The TRI database includes
information on disposal and other releases of NMP to air, water, and land, in addition to how it is
managed through recycling, treatment, and burning for energy recovery. EPA analyzed the TRI
data and examined the definitions of elements in the TRI data to determine the level of
confidence that a release would result from specific types of land disposal (i.e., RCRA Subtitle C
hazardous landfills and Class | underground injection wells) and incineration. EPA also
examined how NMP is treated at industrial facilities. Based on 2015 TRI reporting, an estimated
14,093 Ibs of NMP was released to surface water from industrial sources. See Table_Apx D-1 in
Appendix D for a TRI summary table and further details on recent releases of NMP to various
media.

2.3 Environmental Exposures

NMP may occur in various environmental media including sediment, soil, water and air. As part
of the NMP Problem Formulation (U.S. EPA, 2018¢), EPA completed a preliminary analysis of
environmental exposures for aquatic terrestrial species to NMP in these environmental media.
No additional information has been received or otherwise identified by EPA that would alter the
conclusions presented in the NMP Problem Formulation (U.S. EPA, 2018c). EPA concluded that
no further analysis of environmental release pathways for environmental receptors is necessary
based on a qualitative assessment of the physical chemistry and fate properties of NMP and the
levels of NMP exposure that may be expected for organisms that inhabit these environmental
compartments.

The evaluation of environmental exposures from the NMP Problem Formulation (U.S. EPA
2018c) is summarized in the following subsections on potential presence in biological tissues
(biota), and possible exposures for aquatic and terrestrial receptors. The information is provided
for clarity in this RE and the conclusions remain unchanged from the NMP Problem Formulation
(U.S. EPA, 2018c).

2.3.1 Presence in the Environment and Biota

NMP exhibits low potential for bioaccumulation and bioconcentration in the environment.
Based on the estimated BAF and BCF values (0.9 and 3.16, respectively) (see Table 2-1), NMP
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is not expected to bioaccumulate or bioconcentrate in aquatic organisms (U.S. EPA, 2012c;
OECD, 2007b; U.S. EPA, 1999).

2.3.2 Aquatic Environmental Exposures
EPA used data from EPA’s Toxics Release Inventory (TRI) and EPA’s Exposure and Fate
Assessment Screening Tool, Version 2014 (E-FAST 2014;) to estimate the concentrations of
NMP released to surface water near discharging facilities. This exposure assessment for NMP is
considered a screening level analyses as it estimates conservative (higher end) surface water
concentrations. The assessment was conducted using data for the top 12 releasers reporting to the
TRI. Surface water concentrations were estimated based on the 2015 TRI data and EPA’s E-E-
FAST, Version 2014 (E-FAST 2014). This exposure analysis is included in Appendix D of this
RE and is also the same as that performed in the NMP Problem Formulation (U.S. EPA, 2018c).
Using the 2015 TRI data and EPA’s first-tier, Probabilistic Dilution Model (PDM) within E-
FAST, facilities reporting the largest releases of NMP, surface water concentrations of NMP
were modeled based on the assumption of 12 or 250 days of release. The 12-day release scenario
represents an acute exposure scenario (wherein periodic maintenance and cleaning activities
could result in monthly releases). The 250-day release scenario represents a chronic exposure
scenario (wherein standard operations may result in continuous discharges of NMP) (see
Appendix D). The “high-end” surface water concentrations (i.e., obtained assuming a low stream
flow for the receiving water body) ranged from 224 pg/L for the maximum acute scenario (fewer
than 20 days of environmental releases per year) to 1,496 pg/L for the maximum chronic
exposure scenario (more than 20 days of environmental releases per year), respectively. These
predicted acute and surface water concentrations are compared to the Concentrations of Concern
identified for aquatic organisms in Section 3.1 for Environmental Hazards (Effects) to estimate
Environmental Risk in Section 4.1.

2.4 Human Exposures

EPA evaluated acute and chronic exposures to workers and occupational non-users and acute
exposures to consumers by dermal contact with liquids, vapor-through-skin, and inhalation
routes in association with NMP use in industrial, commercial, and consumer applications. EPA
assessed these exposures by inputting exposure parameters into a physiologically based
pharmacokinetic (PBPK) model, which is described in Appendix 1.

The conditions of use to be assessed were described in Table 1-6. Due to expected similarities in
or the lack of data to distinguish between exposure scenarios for different conditions of use,
occupational exposures or consumer exposures for several of the subcategories of use in Table
1-6 were grouped and assessed together during risk evaluation. For example, formulation of
paints, coatings, adhesives and sealants may generally have similar worker activities, and EPA
does not have data to distinguish whether workers are differently exposed for these different
formulations. Therefore, EPA has grouped these formulating conditions of use into one
occupational exposure scenario group (Incorporation into Formulation, Mixture, or Reaction
Product). Occupational groupings and consumer groupings are assessed separately. A crosswalk
of the conditions of use listed in Table 1-6 with the occupational and consumer exposure
scenarios assessed in this report is provided in Table 2-2. EPA assessed 26 occupational and
consumer exposure scenarios and applied them to 52 conditions of use.
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Table 2-2. Crosswalk of Conditions of Use to Occupational and Consumer Scenarios
Assessed in the Risk Evaluation

Print Ink Manufacturing

Processing aids not
otherwise listed in Plastic
Material and Resin
Manufacturing

Consumer
Life Cycle Occupational Exposure
Stage Category @ Subcategory P Exposure Scenario | Scenario
Domestic Domestic Manufacture Section 2'4'.1'2'1 ) N/A
Manufact Manufacture Manufacturing
anufacture
Section 2.4.1.2.2 -
Import Import Repackaging N/A
Intermediate in Plastic )
_ Material and Resin Section 2.4.1.2.3 -
Processing as | Manufacturing and in Chemical
intermediate | Medicine Manufacturing | EXcluding
Formulation
Other
Adhesives and sealant
chemicals in Adhesive
Manufacturing
Processing Anti-adhesive agents in
Printing and Related
:thé’rporated Support Activities Section 2.4.1.2.4 -
formulation. | Paint additives and coating | Incorporation into
mixture or | additives not described by | Formulation, — —IN/A
reaction other codes in Paintand | Mixture, or Reaction
product Coating Manufacturing; and | Product
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Manufacturing; Primary
Metal Manufacturing; Soap,
Cleaning Compound and
Toilet Preparation
Manufacturing;
Transportation Equipment
Manufacturing; All Other
Chemical Product and
Preparation Manufacturing;
Printing and Related
Support Activities;
Services; Wholesale and
Retail Trade

Surface active agents in
Soap, Cleaning Compound
and Toilet Preparation
Manufacturing

Processing

Incorporated
into
formulation,
mixture or
reaction
product

Plating agents and surface
treating agents in Fabricated
Metal Product
Manufacturing

Solvents (which become
part of product formulation
or mixture) in Electrical
Equipment, Appliance and
Component Manufacturing;
Other Manufacturing; Paint
and Coating Manufacturing;
Print Ink Manufacturing;
Soap, Cleaning Compound
and Toilet Preparation
Manufacturing;
Transportation Equipment
Manufacturing; All Other
Chemical Product and
Preparation Manufacturing;
Printing and Related
Support Activities;
Wholesale and Retail Trade

Other uses in Oil and Gas
Drilling, Extraction and
Support Activities; Plastic
Material and Resin
Manufacturing; Services

Section 2.4.1.2.4 -
Incorporation into
Formulation,
Mixture, or Reaction
Product

N/A
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Lubricants and lubricant

Section 2.4.1.2.5 -

additives m_Machlnery Metal Finishing N/A
Manufacturing
Paint additives and coating |Section 2.4.1.2.5 -
additives not described by | Application of
other codes in Paints, Coatings, N/A
Incorporated . . hesi q
into article Transportatl_on Equipment |Adhesives, an
Manufacturing Sealants
Solvents (which become Section 2.4.1.2.4 -
part of product formulation |Incorporation into
or mixture), including in Formulation, N/A
Textiles, Apparel and Mixture, or Reaction
Leather Manufacturing Product
Section 2.4.1.2.3 -
Chemical
Incorporated | Other, including in Plastic | Processing, N/A
into article Product Manufacturing Excluding
Formulation
Processing
Section 2.4.1.2.16 -
Recycling Recycling Recycling and N/A
Disposal
Repackaging [Wholesale and Retail Trade Section 2'.4'1'2'2 i N/A
Repackaging
Activities related to
distribution (e.g.,
loading, unloading)
are considered
_Dlstrlbutlon Distribution | Distribution in commerce throughout the life N/A
in commerce cycle rather than
using a single
distribution scenario,
S0 are not separately
assessed.
Section
Industrial Paint and coating removers . 2.4.2 -
commercial _ Section 2.4.1.2.6- | Paint
' |Paints and Removal of Paints, |Removers
and consumer . ) .
Use coatings Coatings, Adhesives, | section
] and Sealants 2479 -
Adhesive removers .
Adhesive
Removers
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Section
Lacquers, stains, varnishes, 2.4.2 -
primers and floor finishes Stains,
Varnishes
Powder coatings (surface N/A
preparation)
Use in Computer and .
Electronic Product i\eCt:?cr;tzibﬁlo?j "~ |Section
Manufacturing, Papiﬁts Coatings 2.4.2 -
Construction, Fabricated A dhes'ives ang ' Paint
Paint additives | Metal Product Sealants ’
and coating Manufacturing, Machinery
additives not | Manufacturing, Other
described by | Manufacturing, Paint and
other codes Coating Manufacturing, Section
Primary Metal 2.4.2 - Arts
Manufacturing, and Crafts
Transportation Equipment
Manufacturing, Wholesale
and Retail Trade
Solvents (for |Use in Electrical Section 2.4.1.2.8 —
cleaning or Equipment, Appliance and |Electronic Parts N/A
degreasing) Component Manufacturing. |Manufacturing
Ink, toner, and | Printer ink Section 2.4.1.2.9 - N/A
colorant -~ -
oroducts Inks in writing equipment | Printing and Writing | n/a
Processing Section 2.4.1.2.3 -
aids, specific . Chemical
Petrochemical .
to petroleum M ; Processing, N/A
. anufacturing .
production Excluding
Formulation
Adhesives and sealant
chemicals including binding N/A
agents Section 2.4.1.2.5 -
Industrial, Single component glues and | Application of Section
commercial, _ adhesives, including Paints, Coatings, 2.4.2 -
and consumer | Adnesives and | jypricant adhesives Adhesives, and Adhesives
Use sealants Sealants :
Two-component glues and Section
adhesives, including some 2.4.2 -
resins Sealants
Soldering materials Section 2.4.1.2.10- |\ A

Soldering

Page 63 of 487




PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Other uses

Anti-freeze and de-icing

products N/A
Section
2.4.2 - Auto
Section 2.4.1.2.11 - |Interior
Automotive care products Commercial Cleaner
P Automotive Serving [Auto
Interior
Spray
Cleaner
Lubricants and greases N/A
Metal products not Section 2.4.1.2.5 - N/A
covered elsewhere Metal Finishing
. Section 2.4.1.2.12 -
Laboratory chemicals Laboratory Use N/A
Lithium ion batteries © N/A N/A
Section
2.4.2 -
Cleaning gnd furnlture Care | goction 2.4.1.2.13 - Cleaners/
products, including wood ) Degreasers
Cleaning .
cleaners, gasket removers Engine
Cleaner/
Degreaser
Section 2.4.1.2.3 -
Other uses in Oil and Gas | Chemical
Drilling, Extraction and Processing, N/A
Support Activities Excluding
Formulation
. . Section
Lubricant and lubricant g0 i00 9 4105 |2.4.2-
additives, including Metal Finishi S
hydrophilic coatings etal Finishing pray
Lubricant
Fertilizer and other Section 2.4.1.2.14 -
agricultural chemical -~
. : Fertilizer N/A
manufacturing - processing Anplication
aids and solvents PP
Pharmaceutical and Section 2.4.1.2.3 -
- . Chemical
Medicine Manufacturing - .
. . Processing, N/A
functional fluids (closed .
Excluding
systems) >
Formulation
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. Section 2.4.1.2.15 -
Wood preservatives Wood Preservatives N/A
Industrial pre-treatment N/A
Industrial wastewater N/A
treatment
Publicly owned treatment N/A
works (POTW)
. Section 2.4.1.2.16 -
. . Underground injection . N/A
Disposal Disposal Recycling and
Landfill (municipal, Disposal
hazardous or other land N/A
disposal)
Incinerators (municipal and
N/A
hazardous waste)
Emissions to air N/A
2These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, and broadly represent
conditions of use of NMP in industrial and/or commercial settings.
®These subcategories reflect more specific uses of NMP
¢ This condition of use applies to manufacture and processing.
N/A means these conditions of use are not applicable to occupational or consumer exposures
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2.4.1 Occupational Exposures
For the purpose of this assessment, EPA considered occupational exposure of the total workforce of
exposed users and non-users, which include but are not limited to male and female workers of
reproductive age who are >16 years of age. Female workers of reproductive age are >16 to less than 50
years old. Adolescents (>16 to <21 years old) are a small part of this total workforce. The occupational
exposure assessment is applicable to and covers the entire workforce who are exposed to NMP.

EPA evaluated acute and chronic exposures to workers and occupational non-users (ONUSs) associated
with dermal contact with liquids (workers only), vapor-through-skin, and inhalation routes in association
with NMP use in industrial and commercial applications, which are shown in Table 2-2. Oral exposure
via incidental ingestion of inhaled vapor/mist/dust will be considered as an inhalation exposure as noted
in Figure 1-2 because EPA does not have data or methods to fractionate the total NMP inhaled into the
amount of NMP that deposits in the upper respiratory system and the amount of NMP that goes into the
lung.

EPA assessed these exposures by inputting exposure parameters into a physiologically based
pharmacokinetic (PBPK) model, which is described in Appendix I. Parameter development for each
occupational exposure scenario assessed is described in Section 2.4.1.1. More detailed information about
the parameter development may be found in the supplemental document Risk Evaluation for N-
Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r).

For each scenario, EPA distinguishes between exposures to workers and ONUs when possible. A
primary difference between workers and ONUs is that workers may have direct dermal contact with
liquid chemicals that they handle, whereas ONUs located in the general vicinity of workers do not have
direct dermal contact with liquids handled by the workers. Examples of ONUs include supervisors,
managers, and other employees that may be in the production areas but do not perform tasks that result
in direct dermal contact with liquids. EPA expects that ONUs are exposed to lower air concentrations
than workers since they may be further from the emission source than workers. When EPA cannot
distinguish ONU exposures from workers, EPA assumes ONUs are exposed to lower air concentrations
as compared to workers.

24.1.1  Occupational Exposures Approach and Methodology
This section summarizes the occupational dermal and inhalation exposure parameters and concentrations
for NMP in the various industries and scenarios shown in Table 2-2. These parameters were used as
PBPK model inputs for the risk evaluation. The supplemental document, Risk Evaluation for N-
Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) provides background details on industries that may use NMP,
worker activities, processes, numbers of sites and numbers of potentially exposed workers. This
supplemental document also provides detailed discussion on the values used for the dermal exposure
parameters and air concentrations and associated worker inhalation parameters presented in this section.

Key Parameters for PBPK Modeling
To derive internal exposure estimates for acute and chronic occupational exposures, the PBPK model
required a set of input parameters related to exposures by the dermal and inhalation routes:
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« NMP weight fraction in the liquid product;

« Total skin surface area of hands in contact with the liquid product;

» Glove protection factor (if applicable);

» Duration of dermal contact with the liquid product;

» Air concentration for inhalation and vapor-through-skin exposure; and
» Body weight of the exposed worker.

EPA assumed that the skin of the hands was exposed dermally to NMP at the specified liquid weight
fraction and skin surface area and that there was simultaneous exposure by inhalation and vapor-
through-skin absorption for unobstructed skin areas. As described below, air concentrations were
adjusted to duration of contact of liquid on the skin, which is assumed to be removed by cleaning at the
end of the work period. Acute scenarios assumed 1 day of exposure and chronic scenarios assumed 5
days of exposure per week.

EPA used literature sources for estimating many of these occupational exposure parameters. EPA used
modeling or generic assumptions when data were not available.

For most PBPK input parameters, EPA did not find enough data to determine statistical distributions of
the actual exposure parameters and concentrations. Within the distributions, central tendencies describe
50" percentile or the substitute that most closely represents the 50 percentile. The high-end of a
distribution describes the range of the distribution above 90th percentile (U.S. EPA, 1992). Ideally, EPA
would use the 50th and 95th percentiles for each parameter. Where these statistics were unknown, the
mean or mid-range (mean is preferable to mid-range) served as substitutes for 50th percentile and the
high-end of ranges served as a substitute for 95th percentile. However, these substitutes were uncertain
and not ideal substitutes for the percentiles. EPA could not determine whether these substitutes were
suitable to represent statistical distributions of real-world scenarios.

EPA selected grouped sets of individual input parameter values intended to represent central tendency
and high-end occupational exposure scenarios. To generate each central tendency scenario result, EPA
used a group of all central tendency input parameter values relevant to the scenario. To generate each
high-end scenario result, EPA used a group of mostly high-end input parameter values relevant to the
scenario except body weight, which is a median value. Using mostly high-end input values is a plausible
approach to estimate a high-end PBPK result for the periods of acute and chronic exposures of 1 to 5
days.

Weight Fraction

To support this risk evaluation, EPA determined the weight fraction of NMP in various products through
information provided in the available literature, previous risk assessments and the 2017 NMP Market
Profile (Abt, 2017). This Market Profile was prepared in part by searching Safety Data Sheets (SDSs) of
products that contain NMP and compiling the associated name, use, vendor and NMP concentration
associated with each of these products. Where a data point was provided as range of NMP
concentrations for a certain product (e.g., paints and coatings), EPA utilized the mid-range (middle) and
high-end (maximum) weight fractions to estimate potential exposures. Where multiple data points for a
given type of product (e.g., paints and coatings) were available, EPA estimated exposures using the
central tendency (50™ percentile) and high-end (95 percentile) NMP concentrations.
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Skin Surface Area
For both consumer and occupational user dermal exposure for liquid contact, EPA used skin surface area
values both for the hands of females and for the hands of males, obtained from the 2011 edition of
EPA’s Exposure Factors Handbook (Table 7-13) (U.S. EPA, 2011). These values overestimate
exposures for younger members of the workforce whose hand surface areas would be smaller. One
exception is for the OES that includes Writing, 1 cm? was assumed based on a literature estimate for
writing inks (NICNAS, 2016). For the remainder of the occupational dermal exposure assessment, EPA
used the following values:
e high-end value, which represents two full hands in contact with a liquid: 890 cm? (female),1070
cm? (males)
e central tendency value, which is half of two full hands (equivalent to one full hand) in contact
with a liquid and represents only the palm-side of both hands exposed to a liquid: 445 cm?
(females), 535 (males)

Occupational non-users (ONUS) are not expected to have direct contact with NMP-based liquid products
unless an incident (e.g., spill) were to occur. However, PBPK modeling of ONU (no liquid contact) used
a skin surface area value of 0.1 cm? (about 0.1% of values used for occupational users) for liquid
exposure to prevent a division by zero error in model equations.

For dermal exposure to vapor for both occupational users and ONUs, the PBPK modeled up to 25% of
the total skin surface area, corresponding to the face, neck, arms and hands, as exposed to and capable of
absorbing vapors, minus any area covered by personal protection equipment (PPE). This area, which is
programmed into the PBPK model, is not a variable input value.

Glove Usage
EPA also made assumptions about glove use and associated protection factors (PFs). Where workers

wear gloves, workers are exposed to NMP-based product that penetrates the gloves, including potential
seepage through the cuff from improper donning of the gloves, permeation of NMP through the glove
material, and the gloves may occlude the evaporation of NMP from the skin. Where workers do not
wear gloves, workers are exposed through direct contact with NMP.

Overall, EPA understands that workers may potentially wear gloves but does not know the likelihood
that workers wear gloves of the proper type and have training on the proper usage of gloves. Some
sources indicate that workers wear chemical-resistant gloves (Meier et al., 2013; OECD, 2009a;
NICNAS, 2001), while others indicate that workers likely wear gloves that are more permeable than
chemical-resistant gloves (RIVIM, 2013). No information on employee training was found. Data on the
prevalence of glove use is not available for most uses of NMP. One anecdotal survey of glove usage
among workers performing graffiti removal indicates that 87% of workers wear gloves, although the
glove materials varied and were sometimes not protective; only a small fraction of these workers used
gloves made of optimal material for protection against NMP and some used cloth or leather gloves
(Anundi et al., 2000). Prior to the initiation of this risk evaluation EPA had gathered information in
support of understanding glove use for handling pure NMP and for paint and coatings removal using
NMP formulations. This information may be generally useful for a broader range of uses of NMP and is
presented for illustrative purposes in 6E.1.1. SDSs found by EPA recommend glove use (see Appendix
E.1.2). Initial literature review suggests that there is unlikely to be enough data to justify a specific
probability distribution for effective glove use for a chemical or industry. Instead, the impact of effective

Page 68 of 487


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=786546
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3969286
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3539921
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827299
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3978357
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809440
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=824457

1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

glove use is explored by considering different protection factors, which are further discussed below and
compiled in Table 2-3.

Gloves only offer barrier protection until the chemical breaks through the glove material. Using a
conceptual model, Cherrie et al. (2004) proposed a glove workplace PF — the ratio of estimated uptake
through the hands without gloves to the estimated uptake through the hands while wearing gloves: this
protection factor is driven by glove usage practices and by flux, which varies with time. The ECETOC
TRA v3 model represents the protection factor of gloves as a fixed, assigned protection factor equal to 1,
5, 10, or 20 (Marquart et al., 2017). When assuming glove use, EPA assumed protection factors using
this strategy. Given the limited state of knowledge about the protection afforded by gloves in the
workplace, it is reasonable to utilize the PF values of the ECETOC TRA v3 model (Marguart et al.,
2017), rather than attempt to derive new values.

For each occupational exposure scenario, EPA used professional judgment to predict the likelihood of
the use of gloves based on the characteristics described in Table 2-3, and the associated PFs are
presented as what-if scenarios. For OESs with only industrial sites, EPA assumes that workers are likely
to wear protective gloves and have basic training on the proper usage of these gloves, corresponding to a
protection factor of 10 for both the central tendency and high-end exposure scenarios. In high-end
scenarios that include both commercial and industrial sites, EPA assumes that either no gloves are used
or, if gloves are used, that glove material may not be protective, each of which corresponds to a
protection factor of 1. This assumption is based on the survey of graffiti removers noted that only a
small fraction of these workers used gloves made of optimal material for protection against NMP and
some used cloth or leather gloves (Anundi et al., 2000). For these same scenarios, EPA assesses a
central tendency scenario assuming the use of gloves with minimal to no employee training,
corresponding to a protection factor of 5. As indicated in Table 2-3, use of protection factors above 1 is
valid only for glove materials that have been tested for permeation against the NMP-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 is not assumed for any
central tendency or high-end estimates but would be applicable to lower percentile (below central
tendency) exposure estimates. Additional explanations of the selection of PFs for each exposure scenario
and of occlusion are included in the supplemental document Risk Evaluation for N-Methylpyrrolidone
(2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r).

In addition to the assumed central tendency and high-end scenarios, EPA conducted additional modeling
of exposures for the full range of glove use or no glove use to determine impacts on exposures and
MOEs as what-if scenarios. The results of this additional modeling are shown in Section 4.2.2.
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Table 2-3. Glove Protection Factors for Different Dermal Protection Strategies from ECETOC
TRA V3

Protection

Dermal Protection Characteristics Setting Factor, PF
a. No gloves used, or any glove / gauntlet without permeation data 1
and without employee training
b. Gloves with available permeation data indicating that the Industrial and 5
material of construction offers good protection for the substance Commercial Uses
c. Chemically resistant gloves (i.e., as b above) with “basic” 10
employee training
d. Chemically resistant gloves in combination with specific activity .

g . Industrial Uses

training (e.g., procedure for glove removal and disposal) for tasks onl 20
where dermal exposure can be expected to occur y

Duration of Dermal Contact

Where available, EPA utilized exposure durations from the available task-based inhalation monitoring
data. No dermal duration data were found. In lieu of dermal duration data or task-based durations from
inhalation monitoring data, EPA assumed a minimum duration of 1 hour/day, which is a reasonable
assumption considering the initial contact time with the formulation containing NMP plus the time after
direct contact when the thin film evaporates from and absorbs into the skin. EPA assumed a high-end
value of 8 hours/day (i.e., a full shift). As a central tendency estimate, EPA assumed a mid-range value
of 4 hours/day (the calculated mid-point of 4.5 was rounded to 4 hours/day). The low-end and high-end
values are consistent with EPA’s documented standard model assumptions for occupational dermal
exposure modeling (U.S. EPA, 1991a).

Air Concentration for Inhalation and Vapor-through-Skin Exposure

EPA reviewed workplace inhalation monitoring data collected by government agencies such as OSHA
and NIOSH, and monitoring data found in published literature (i.e., personal exposure monitoring data
and area monitoring data). Data were evaluated using the evaluation strategies laid out in the Application
of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a), and the evaluation details are shown
in two supplemental files: Risk Evaluation for N-Methylpyrrolidone (NMP), Systematic Review
Supplemental File: Data Quality Evaluation for Occupational Exposure and Release Data (U.S. EPA
2019p) and Risk Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1-Methyl-) Systematic Review
Supplemental File: Data Quality Evaluation of Environmental Releases and Occupational Exposure
Common Sources (U.S. EPA, 20190). Where available, EPA used air concentration data and estimates
found in government or published literature sources to serve as inputs to the PBPK modeling for
occupational exposures to NMP. There is not a known correlation between weight fraction of NMP in
the material being handled / used and the concentration of NMP in air. Where air concentration data
were not available, modeling estimates were used. Details on which models EPA used are included in
Section 2.4.1.2 for the applicable OESs and discussion of the uncertainties associated with these models
is included in Section 2.4.1.4.

EPA evaluated personal monitoring data or modeled near-field exposure concentrations potential
inhalation and vapor-through-skin exposures for workers. Since ONUs do not directly handle NMP,
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EPA reviewed personal monitoring data, modeled far-field exposure concentrations, and area
monitoring data in evaluating potential inhalation and vapor-through-skin exposures for ONUs. Because
modeled results are typically intended to capture exposures in the near-field, modeling that does not
contain a specific far-field component are not considered to be suitable for ONUs. Area monitoring data
may potentially represent ONU exposures depending on the monitor placement and the intended sample
population. Inhalation data sources did not usually indicate whether NMP exposure concentrations were
for occupational users or occupational non-users (ONUS). For inhalation and vapor-through-skin
exposures, if EPA cannot distinguish ONU exposures from workers, EPA assumes that ONUSs
experience lower air concentrations compared to workers.

For PBPK modeling, the duration of inhalation exposure must equal the duration of dermal exposure.
Therefore, where EPA did not have exposure durations from task-based monitoring data, EPA adjusted
air concentrations by multiplying by a ratio of duration of the air concentration averaging time to
duration of dermal exposure to liquid, which is discussed above.

Few literature sources indicate the use of respirators for reducing worker exposures to NMP by
inhalation. Therefore, EPA central tendency and high-end scenarios do not incorporate protection factors
for respirator use. Regarding respirator use, only one of the NMP studies containing worker inhalation
data specified the type of respirator used by the workers in the study. This respirator, a half mask air-
purifying respirator with organic vapor cartridges (Kiefer, 1994), is classified as having an assigned
protection factor (APF) of 10. Therefore, EPA conducted additional modeling representing scenarios
below central tendency for the use of respirators providing an APF of 10. This modeling reduces
inhalation concentrations by a factor of 10 as intended when this type of respirator is used in accordance
with OSHA’s Respiratory Protection standard (29 CFR 1910.134). While respirators with other APFs
may be used, EPA only included this APF in additional modeling. The results of this additional
modeling are shown in Section 4.2.2.

Body Weight
Both the consumer and occupational dermal exposure assessments used the 50th percentile body weights

for pregnant women in their first trimester, which is 74 kg, and for males, which is 88 kg, for both
central tendency and high-end exposure scenarios. EPA obtained these values from the 2011 edition of
EPA’s Exposure Factors Handbook (Table 8-29) (U.S. EPA, 2011).

2.4.1.2  Occupational Exposure Scenarios
Details of the data, modeling, and associated exposure-related information for each of the Occupational
Exposure Scenarios (OES) listed in Table 2-2 and in the subsections below are available in the
supplemental document Risk Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP),
Supplemental Information on Occupational Exposure Assessment. (U.S. EPA, 2019r)

The following subsections contain a summary of dermal and inhalation parameter estimates for each
OES. Information on the number of potentially exposed workers and occupational non-users (ONUS)
can be found in Table 2-4. Details on the parameter estimates as well as process descriptions, numbers
of sites and potentially exposed workers, and worker activities for each OES are available in the
supplemental document (U.S. EPA, 2019r). A summary set of all central tendency and high-end
scenarios parameter inputs to the PBPK model is shown in Table 2-66.
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Key uncertainties toward exposure estimates are summarized in Section 2.4.1.4.

EPA estimated numbers of workers in the assessed industries. Where available, EPA used CDR data to
provide a basis to estimate the numbers of sites, workers, and occupational non-users (ONUs). EPA
supplemented the available CDR data with U.S. economic data using the following method:

1. Identify the North American Industry Classification System (NAICS) codes for the industry
sectors associated with these uses.

2. Estimate total employment by industry/occupation combination using the Bureau of Labor
Statistics’ (BLS) Occupational Employment Statistics (OES) data (U.S. BLS, 2016).

3. Refine the OES estimates where they are not sufficiently granular by using the U.S. Census’
Statistics of US Businesses (SUSB) (citation) data on total employment by 6-digit NAICS.

4. Use market penetration data to estimate the percentage of employees likely to be using NMP
instead of other chemicals.

5. Combine the data generated in Steps 1 through 4 to produce an estimate of the number of
employees using NMP in each industry/occupation combination, and sum these to arrive at a
total estimate of the number of employees with exposure.

Market penetration data for NMP are not readily available at this time; therefore, site, worker, and ONU
estimates do not take this into account and likely overestimate the number of sites, workers, and ONUs
potentially exposed to NMP. Where end-use sector is not clear, relevant GSs and ESDs are used to
estimate the number of sites and workers, such as for metal finishing.

Estimated numbers of occupational workers in the assessed industries are shown in Table 2-4. The
number of workers exposed to NMP for these industries is not known. Additionally, the proportion of
workers that are exposed in an industrial versus commercial setting is unknown. Details of these
estimates may be found in the supplemental document Risk Evaluation for N-Methylpyrrolidone (2-
Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r).

Table 2-4. Estimated Numbers of Workers in the Assessed Industry Uses of NMP 2

Occupational Exposure Scenario Number of Workers ?
Manufacturing 2,800 °
Repackaging 1,100 ©
Chemical Processing, Excluding Formulation 5,400 °
Incorporation into Formulation, Mixture, or Reaction Product 1,900 €
Application of Paints, Coatings, Adhesives and Sealants 2,000,000
Printing and Writing 53,000
Metal Finishing 530,000
Removal of Paints, Coatings, Adhesives and Sealants 410,000
Cleaning 190,000
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Commercial Automotive Servicing 910,000
Laboratory Use 420,000
Electronic Parts Manufacturing 660,000
Soldering 4,000,000
Fertilizer Application 1,300,000
Wood Preservatives 380,000
Recycling and Disposal 200 °¢

2 The number of worker estimates are based on industry-specific data that are independent of NMP usage and the
portion of workers that are exposed to NMP within these industries is unknown.

® These numbers are rounded to two significant figures.

¢ The number of sites associated with these occupational exposure scenarios were determined from CDR or TRI
data. However, the number of workers that are exposed to NMP at these sites is unknown.

2.4.1.2.1 Manufacturing

For this industrial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal
exposures from the loading of various containers (i.e., drums, tank trucks, rail cars) with pure NMP.
While EPA does expect that workers may perform additional activities during this scenario, such as
sampling or maintenance work, EPA expects that loading activities present the largest range of potential
exposures.

Inhalation and Vapor-through-Skin

EPA found no monitoring data specific to the manufacture of NMP. However, there is a German source
with monitoring data for the storing and conveying of pure NMP, which may occur during
manufacturing (IFA, 2010). These data do not include additional details such as the industry, associated
worker activities, type of storing and conveying systems, and sampling time, resulting in a data quality
rating of medium. EPA modeling estimates had higher quality rating, so EPA did not use this German
monitoring data. EPA also found a source of European modeling estimates for the manufacturing of
NMP (RIVM, 2013). This modeled data had a medium data quality rating and EPA modeling estimates
had higher data quality, so EPA did not use the European modeling data. Due to limited relevance and
quality of German monitoring data and European modeling estimates found in the published literature,
EPA used modeling estimates of air concentrations with the highest data quality for this use. EPA’s
modeled exposure concentrations are similar in value and the same order of magnitude as the European
modeling estimates. EPA’s Tank Truck and Railcar Loading and Unloading Release and Inhalation
Exposure Model involves deterministic modeling and the Drum Loading and Unloading Release, and
Inhalation Exposure Model involves probabilistic modeling.

The inhalation exposure concentrations modeled by EPA for loading of NMP are summarized into the
input parameters used for the PBPK modeling in Table 2-5. Note that the exposure duration for the
central tendency and high-end exposure scenarios for loading into drums are the same because the
unloading rate does not vary in that model. The supplemental document Risk Evaluation for N-
Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) provides additional details.
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Table 2-5. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Manufacturing

. Duration-
Full-Shift
NMP Air Based NMP Data
el FEITEITEET Concentration AIr Source Qualit
Activity | Characterization Concentration ity
B Rating
(mg/m?, 8-hr m?
TWA) (mg/m’)
Tank Truck and
. Railcar
_ Centthral tende_ncy 0.047 0.7610 (duration Loading and
Loading (50™ percentile) =0.5hr) :
. Unloading
NMP into
Release and
bulk _
containers Inhalaggy
High-end (95" 0.190 1.52 (duration = Exposure
percentile) ' 1 hr) Model (U.S. Not
EPA, 2013a) | applicable?
Drum Loading
Central tendency 0.427 1.65 (duration = | and Unloading
Loading (50" percentile) ' 2.06 hr) Release and
NMP into Inhalation
drums High-end (95" 5.85 (duration = Exposure
. 151 Model (U.S.
percentile) 2.06 hr) EPA., 2013a)

& - EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically review
models that were developed by EPA.

Dermal

Table 2-6 summarizes the parameters used to assess dermal exposure during the manufacturing of NMP.
For this life cycle stage, EPA assessed dermal exposures during the loading of pure NMP into bulk
containers and into drums. Most of these parameters were determined based on assumptions described in
Section 2.4.1.1. EPA used data from 2016 CDR and literature sources to determine the NMP weight
fraction. These underlying data have data quality ratings of high. Because this scenario has only
industrial sites, EPA assumes that workers are likely to wear protective gloves and have basic training
on the proper usage of these gloves for both central and high-end exposures, corresponding to a
protection factor of 10.
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Table 2-6. Summary of Parameters for Worker Dermal Exposure to Liquids During
Manufacturing

NMP Skin
Glove . Surface Exposure Body
AV\{(gr.I: ChPara}[mgte:_ Protection ;’y :é?igtn Area Duration Weight 2
ctivity aracterization Factor(s) Exposed 2
Unitless cm? hr/day kg
Loading 445 (f)
NMP into Central Tendency 10 1 535 (m) 0.5 74 (f)
bulk — 890 (f) 88 (m)
containers High-end 10 ! 1,070 (m) 1
Loading | Central Tendency 10 1 445 (1) 2.06
: 535 (m) 74 (f)
NMP into 890 (f) 88 (m)
drums High-end 10 1 1,070 (m) 2.06

@ EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-7.

The numeric parameters corresponding to the characterizations presented in Table 2-7 are summarized
in Table 2-8. These are the inputs used in the PBPK model.

Table 2-7. Characterization of PBPK Model Input Parameters for Manufacturing of NMP

Air Skin .
. Work Concentration Exposure | Surface NhylE Welght
Scenario - . Gloves Fraction
Activity Data Duration Area -
L. Characterization
Characterization Exposed
Central Loading of Central tendenc Duration N/A - 100% is
bulk h " | calculated | 1-hand Yes assumed for both
Tendency . (50™ percentile) .
containers by model exposure scenarios
. . Duration N/A - 100% is
_ th
High-end koading of HED end_(95 calculated | 2-hand Yes assumed for both
drums percentile) :
by model exposure scenarios
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Table 2-8. PBPK Model Input Parameters for Manufacturing of NMP

Skin Surface Duration-Based Skin
Area NMP Air Exposure Surface Gloves NMP Body
Exposed Concentration Duration Area Protection Weight | Weight
(cm?) (mg/m?) (hr) Exposed Factor Fraction | (kg)?
bScenario g (cm?) ab
Tgr?g(te;a(!y 0.760 0.5 a5 ((r];)) 10 1 iy ((r1r?)
— 890 (f) 74 (f)
High-end 5.85 2.06 1,070 (m) 10 1 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to liquids using the most recent CDR data for concentration provided by
industry submitters. Modeling, in the middle of the approach hierarchy, was used to estimate
occupational air concentrations for both the loading of NMP into bulk containers and into drums. For
modeling of these air concentrations, EPA attempted to address variability in input parameters by
estimating both central tendency and high-end parameter values. Additionally, for modeling of air
concentrations during the loading of drums, EPA used Monte Carlo simulation to capture variability in
input parameters. EPA expects the duration of inhalation and dermal exposure to be realistic for the
loading activities, as the durations are based on the length of time to load NMP into specific container
sizes (i.e., tank trucks, rail cars, and drums).

Primary Limitations

Due to lack of data, EPA has no method to determine the representativeness of the estimates of duration
of inhalation and dermal exposure for the loading activities toward the true distribution for all worker
activities. NMP concentration is reported to CDR as a range and EPA assessed only the upper end of the
range since a central value cannot be ascertained for this scenario. Skin surface areas for actual dermal
contact are uncertain. EPA did not find data on the use of gloves for this occupational exposure scenario
and assumed glove usage is likely based on professional judgment. The assumed glove protection factor
values are uncertain. EPA is uncertain of the accuracy of the emission factors used to estimate fugitive
NMP emissions and thereby to model NMP air concentrations. The representativeness of the modeling
results toward the true distribution of inhalation concentrations for this occupational exposure scenario
IS uncertain.
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Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.2 Repackaging

For this industrial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal
exposures from the unloading of various containers (i.e., drums, tank trucks, rail cars) containing pure
NMP. While EPA does expect that workers may perform additional activities during this scenario, such
as sampling or maintenance work, EPA expects that unloading activities present the largest range of
potential exposures.

Inhalation and Vapor-through-Skin

Since no monitoring data or modeling estimates were found for Repackaging,

EPA determined the same monitoring data and modeled exposure estimates for manufacturing could be
applied to this occupational exposure scenario, due to the similarity in work activities (e.g., loading
vessels) and corresponding NMP concentrations between the two occupational exposure scenarios. The
air concentration estimates from Section 2.4.1.2.1 for manufacturing are used for this occupational
exposure scenario.

Dermal

EPA compiled the same dermal exposure parameters for this occupational exposure scenario as for
manufacturing. The dermal exposure parameters from Section 2.4.1.2.1 for manufacturing are used for
this occupational exposure scenario.

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-9.

The numeric parameters corresponding to the characterizations presented in Table 2-9 are summarized
in Table 2-10. These are the inputs used in the PBPK model.

Table 2-9. Characterization of PBPK Model Input Parameters for Repackaging

Air Skin .
. Work Concentration Exposure | Surface UL V\/_elght
Scenario - . Gloves Fraction
Activity Data Duration Area .
- Characterization
Characterization Exposed
Unloading Duration N/A - 100% is
Central bulk Centthral tende_ncy calculated | 1-hand Yes assumed for both
Tendency . (50" percentile) .
containers by model exposure scenarios
i % i med
. . th Duration 100% is assu
High-end Unloading High end.(95 calculated | 2-hand Yes for both exposure
drums percentile) )
by model scenarios

Page 77 of 487




1470

1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Table 2-10. PBPK Model Input Parameters for Repackaging

Duration-
Based NMP | Exposure | Skin Surface Gloves NMP Bodv Weidht
Scenario Air Duration | Area Exposed | Protection | Weight {k )2 g
Concentration (hr) (cm?) &b Factor Fraction g
(mg/m?)

Central 445 (f) 74 (f)
Tendency 0.760 0.5 535 (m) 10 % 88 (m)

. 890 (f) 74 (f)
High-end 5.85 2.06 1,070 (m) 10 1 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

P EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Duration- Full-Shift Skin
Based NMP | Exposure NMP Air Surface Gloves .
Scenario Air Duration | Concentration Area Protection Nl\gfazlliz'r?ht
Concentration (hr) (mg/m?3, 8-hr | Exposed Factor
(mg/m?3) TWA) 2 (cm?) P
Central 445 (1)
Tendency 0.76 0.5 0.0475 535 (m) 10 1
. 890 (1)
High-end 5.85 2.06 1.51 1,070 (m) 10 1

2 Calculated based on the duration-based air concentration and exposure duration, 8-hour TWA = (Duration-based air
concentration) x (Exposure duration)/8 hours.

b EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to liquids using the most recent CDR data for concentration provided by
industry submitters. Modeling, in the middle of the approach hierarchy, was used to estimate
occupational inhalation exposure concentrations for both the unloading of NMP from bulk containers
and from drums. For modeling of these air concentrations, EPA attempted to address variability in input
parameters by estimating both central tendency and high-end parameter values. Additionally, for
modeling of air concentrations during the loading of drums, EPA used Monte Carlo simulation to
capture variability in input parameters. EPA expects the duration of inhalation and dermal exposure to
be realistic, as the durations are based on the length of time to load NMP into specific container sizes
(i.e., tank trucks, rail cars, and drums).
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Primary Limitations

The representativeness of the estimates of duration of inhalation and dermal exposure for the unloading
activities toward the true distribution of duration for all worker activities in this occupational exposure
scenario is uncertain. NMP concentration is reported to CDR as a range and EPA assessed only the
upper end of the range since a central value cannot be ascertained for this scenario. Skin surface areas
for actual dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational
exposure scenario and assumed glove usage is likely based on professional judgment. The assumed
glove protection factor values are uncertain. EPA is uncertain of the accuracy of the emission factors
used to estimate fugitive NMP emissions and thereby to model NMP air concentrations. The
representativeness of the modeling results toward the true distribution of inhalation concentrations for
this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.3 Chemical Processing, Excluding Formulation
This scenario includes the use of NMP for processing activities other than formulation (i.e., non-
incorporative processing). Specifically, this may include the use of NMP as an intermediate, as a media
for synthesis, extractions, and purifications, or as some other type of processing aid. EPA identified the
following industries that use NMP in this manner (RIVM, 2013); (U.S. EPA, 2017c¢):

e Agricultural chemical manufacturing

e Petrochemical manufacturing

e Pharmaceutical manufacturing

e Polymer product manufacturing

For this industrial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal
exposures from the unloading of various containers (i.e., drums, tank trucks, rail cars) with pure NMP.
While EPA does expect that workers may perform additional activities during this scenario, such as
sampling or maintenance work, EPA expects that unloading activities present the largest range of
potential exposures.

Inhalation and Vapor-through-Skin

EPA found limited monitoring data for the use of NMP in non-incorporative processing activities (e.g.,
use of NMP as an intermediate, as a media for synthesis, extractions, and purifications, or as some other
type of processing aid), and the monitoring data found lacks data on worker activities, the function of
NMP within the industry of use, and the sampling duration. Due to limited relevance and quality of
monitoring data and modeling estimates for chemical processing with NMP found in the published
literature, EPA used modeling estimates with the highest data quality for this use. The Drum Loading
and Unloading Release and Inhalation Exposure Model involves probabilistic modeling.

The inhalation exposure concentrations modeled by EPA for loading of NMP are summarized into the
input parameters used for the PBPK modeling in Table 2-11. The modeled exposure concentrations are
the same as those for Manufacturing and Repackaging; however, the exposure durations are different
because they are based on the NMP volume unloaded for the exposure scenario. Note that the exposure
duration for the central tendency and high-end exposure scenarios are the same because the unloading
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rate does not vary in this model. The supplemental document Risk Evaluation for N-Methylpyrrolidone
(2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r) provides additional details.

Table 2-11. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Chemical Processing

Full-Shift NMP | Duration-Based
Work P " Air NMP Air Data
or arameter Concentration | Concentration Source Quality
Activity | Characterization 3 .
(mg/m?, 8-hr (mg/m?) Rating
TWA) g
Drum Loading
Central tendency 0.075 1.65 (duration = | and Unloading
Unloading | (50™ percentile) ' 0.36 hr) Release and Not
liquid NMP Inhalation aoolicable?
from drums . th . N Exposure PP
High-end (95 5.85 (duration =
percentile) 0.265 0.36 hr) Model (U.S,
EPA, 2013a)

a - EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically review
models that were developed by EPA.

Dermal

Table 2-12 summarizes the parameters used to assess dermal exposure during NMP use in non-
incorporative processing activities. EPA assessed dermal exposures during the unloading of pure NMP
from drums. Most of these parameters were determined based on assumptions described in Section
2.4.1.1. EPA used data from 2016 CDR, public comments, and the Use and Market Profile for N-
Methylpyrrolidone (Abt, 2017) to determine the NMP weight fraction. The underlying data rated by
EPA have data quality ratings of high. Because this scenario has only industrial sites, EPA assumes that
workers are likely to wear protective gloves and have basic training on the proper usage of these gloves
for both central and high-end exposures, corresponding to a protection factor of 10.

Table 2-12. Summary of Parameters for Worker Dermal Exposure to Liquids During Chemical
Processing, Excluding Formulation

Skin
NMP Body
Work Parameter GIOV? Weight SR 2P Weight
Activit ch terizati Protection | . tion Area Duration a
ctivity aracterization Factor(s) Exposed @
Unitless cm? hr/day kg
Unloading Central Tendency 10 1 445 () 0.36
o 535 (m) 74 (f)
liquid NMP 890 (f) 88 (m)
from drums High-End 10 1 1,070 (m) 0.36

2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and
values associated with males are denoted with (m).
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The numeric parameters corresponding to the characterizations presented in Table 2-13 are summarized
in Table 2-14. These are the inputs used in the PBPK model.

Table 2-13. Characterization of PBPK Model Input Parameters for Chemical Processing,

Excluding Formulation

Air Skin i
. Work Concentration Exposure | Surface Al V\/_aght
Scenario . . Gloves Fraction
Activity Data Duration Area -
. Characterization
Characterization Exposed
: Duration N/A - 100% is
Central | Unloading Centthral tende_ncy calculated 1-hand Yes assumed for both
Tendency drums (50™ percentile) .
by model exposure scenarios
. - 100% i
. . th Duration N/A - 100% is
High-end Unloading High end_(95 calculated | 2-hand Yes assumed for both
drums percentile) .
by model exposure scenarios

Table 2-14. PBPK Model Input Parameters for Chemical Processing, Excluding Formulation

Duration-Based Sl
NMP Air Exposure Surface Gloves NMP Body
Scenario . Duration Area Protection Weight | Weight
Concentration . a
3 (hr) Exposed Factor Fraction (kg)
(mg/m°) 2y ab
(cm?)
Central 445 (f) 74 ()
Tendency 1.65 UEE 535 (m) 10 1 88 (m)
. 890 () 74 (f)
High-end 5.85 0.36 1,070 (m) 10 1 88 (m)
@ EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary

In summary, dermal and inhalation exposures are expected for this use. EPA has not identified
additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary

strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths
EPA assessed dermal exposure to liquids using the most recent CDR data for concentration provided by
industry submitters. Modeling, in the middle of the approach hierarchy, was used to estimate
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occupational inhalation exposure concentrations for both the unloading of NMP from bulk containers
and from drums. For modeling of these air concentrations, EPA attempted to address variability in input
parameters by estimating both central tendency and high-end parameter values. Additionally, EPA used
Monte Carlo simulation to capture variability in input parameters. EPA expects the duration of
inhalation and dermal exposure to be realistic, as the duration is based on the length of time to load
NMP into drums.

Primary Limitations

The representativeness of the estimates of duration of inhalation and dermal exposure for the unloading
activities toward the true distribution of duration for all worker activities in this occupational exposure
scenario is uncertain. NMP concentration is reported to CDR as a range and EPA assessed only the
upper end of the range since a central value cannot be ascertained for this scenario. Skin surface areas
for actual dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational
exposure scenario and assumed glove usage is likely based on professional judgment. The assumed
glove protection factor values are uncertain. EPA is uncertain of the accuracy of the emission factors
used to estimate fugitive NMP emissions and thereby to model NMP air concentrations. The
representativeness of the modeling results toward the true distribution of inhalation concentrations for
this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.4 Incorporation into Formulation, Mixture, or Reaction Product

This scenario includes the use of NMP for incorporation into a formulation, mixture or reaction product,
which refers to the process of mixing or blending of several raw materials to obtain a single product or
preparation. The uses of NMP that may require incorporation into a formulation include adhesives,
sealants, paints, coatings, inks, metal finishing chemicals, cleaning and degreasing products, agricultural
products, and petrochemical products including lube oils.

For this industrial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal
exposures from the unloading of various containers (i.e., drums, tank trucks, rail cars) with pure NMP
and from maintenance, bottling, shipping, and loading of NMP in formulations.

Inhalation and Vapor-through-Skin

EPA compiled inhalation monitoring data and modeled exposure concentration data for the
incorporation of NMP into a formulation, mixture or reaction product. Because EPA favors the use of
monitoring data over modeled data, monitoring data with the highest data quality was used to assess
exposure for this use. EPA used the monitoring data for the central tendency and high-end full-shift
worker exposure concentrations presented in Table 2-15.

In addition to this monitoring data, EPA also modeled short-term worker inhalation exposure from
unloading NMP. The Drum Loading and Unloading Release and Inhalation Exposure Model involves
probabilistic modeling. The concentrations obtained from modeling are summarized into the input
parameters used for the PBPK modeling in Table 2-17 and Table 2-18. In addition to the formulation of
liquid products, EPA identified formulation activities that may result in potential worker exposures to
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solids containing NMP. EPA estimated inhalation exposure concentration of NMP in particulates;
however, EPA does not use these exposure concentrations as input to the PBPK model because the
PBPK model does not account for solids, and the range of input parameters for the other exposure
scenarios capture these concentrations. The supplemental document Risk Evaluation for N-
Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) provides additional details.

Table 2-15. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Incorporation into Formulation, Mixture or Reaction Product

. Duration-
AU Based NMP
NMP Air . Data
Work Parameter Concentration Air Source Qualit
Activity | Characterization Concentration ity
3 Rating
(mg/m?, 8-hr I3
TWA) (mg/m-)
Drum Loading
and Unloading
_Unl_oadmg Central Tendency 1.65 (duration Release _and Not
liquid NMP th . 0.075 _ Inhalation . a
(50™ percentile) =0.36 hr) applicable
from drums Exposure
Model (U.S.
EPA, 2013a)
Maintenance,
bottling, High-end (95" (Bader et al. :
shipping, percentile) 128 No g 2006) High
loading
Central Tendency EPA’s OSHA
(50" percentile) 0.75 No data PNOR PEL
Loading model (U.S. Not
solids into : th EPA, 2013a) ,
drums ngh-end_l(95 0.96 No data and NMP applicable
percentile) concentration
data

a - EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically
review models that were developed by EPA.

Dermal

Table 2-16 summarizes the parameters used to assess dermal exposure during the incorporation of NMP
into formulations, mixtures, and reaction products. For this life cycle stage, EPA assessed dermal
exposures during the unloading of pure NMP from drums. As indicated above, the PBPK model does
not account for solids so EPA did not include loading of solids in the dermal parameter summary. Most
of these parameters were determined based on assumptions described in Section 2.4.1.1. EPA used data
from 2016 CDR, public comments, literature, and the Use and Market Profile for N-Methylpyrrolidone
(Abt, 2017) to determine the NMP weight fraction. The underlying data rated by EPA have data quality
ratings ranging from medium to high. Because this scenario has only industrial sites, EPA assumes that
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workers are likely to wear protective gloves and have basic training on the proper usage of these gloves
for both central and high-end exposures, corresponding to a protection factor of 10.

Table 2-16. Summary of Parameters for Worker Dermal Exposure to Liquids During
Incorporation into Formulation, Mixture, or Reaction Product

Skin
NMP Body
Glove . Surface | Exposure .
Work Activity Chgggr;?;:rt-ion Protection I;/yaec;?irc]); Area Duration We;ght
Factor(s) Exposed @
Unitless cm? hr/day kg
Unloading
liquid NMP Central Tendency 10 1 445 () 0.36 74 ()
535 (m) 88 (m)
from drums
Maintenance,
bottling, — 890 (f) 74 (f)
shipping, High-End 10 1 1,070 (m) \ 88 (m)
loading

2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-17. EPA only presents these scenarios for handling of liquid NMP, to
present conservative assessments of potential exposures.

The numeric parameters corresponding to the characterizations presented in Table 2-17 are summarized
in Table 2-18. These are the inputs used in the PBPK model.

Table 2-17. Characterization of PBPK Model Input Parameters for Incorporation into
Formulation, Mixture or Reaction Product

Air Skin .
i Work Concentration | Exposure | Surface bl Welght
Scenario o - Gloves Fraction
Activity Data Duration Area S
. Characterization
Characterization Exposed
. Duration N/A - 100% is
Central Whading Centthral tende.ncy calculated | 1-hand Yes assumed for both
Tendency drums (50™ percentile) .
by model exposure scenarios
Mamenane® | ihend (o5 | Duration N/A - 100% is
High-end ting, g . calculated | 2-hand Yes assumed for both
shipping, percentile) b del .
loading y mode exposure scenarios
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Table 2-18. PBPK Model Input Parameters for Incorporation into Formulation, Mixture or
Reaction Product

Hand
Duration-Based Surface Body
NMP Air Exposure Area Gloves NMP Weight
Concentration Duration Exposed Protection Weight (kg) @
Scenario (mg/m?3) (hr) (cm?) &b Factor Fraction
Central 445 (1) 74 (f)
Tendency 1.65 0.36 535 (m) 10 1 88 (m)
. 890 () 74 (f)
High-end 12.8 8 1,070 (m) 10 1 88 (m)
2 Calculated based on the duration-based air concentration and exposure duration, 8-hour TWA = (Duration-based air
concentration) x (Exposure duration)/8 hours.” EPA assessed these exposure factors for both females and males.  EPA
assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUEs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to liquids using the most recent CDR data for concentration provided by
industry submitters. Modeling, in the middle of the approach hierarchy, was used to estimate
occupational inhalation exposure concentrations for the unloading of NMP from drums. For modeling of
these air concentrations, EPA attempted to address variability in input parameters by estimating both
central tendency and high-end parameter values. Additionally, EPA used Monte Carlo simulation to
capture variability in input parameters. EPA expects the duration of inhalation and dermal exposure to
be realistic, as the duration is based on the length of time to load NMP into drums. EPA assessed worker
inhalation exposure during maintenance, bottling, shipping, and loading of NMP using directly
applicable monitoring data, which is the highest of the approach hierarchy, taken at an adhesive
formulation facility. The data quality rating for the monitoring data used by EPA is high. EPA expects
the duration of inhalation and dermal exposure to be realistic for the unloading of drums, as the duration
is based on the length of time to load NMP into drums.

Primary Limitations

The representativeness of the estimates of duration of inhalation and dermal exposure for the assessed
activities toward the true distribution of duration for all worker activities in this occupational exposure
scenario is uncertain. NMP concentration is reported to CDR as a range and EPA assessed only the
upper end of the range since a central value cannot be ascertained for this scenario (NMP concentration
is lower in the formulated products). Skin surface areas for actual dermal contact are uncertain. EPA did
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not find data on the use of gloves for this occupational exposure scenario and assumed glove usage is
likely based on professional judgment. The assumed glove protection factor values are uncertain.

EPA estimated worker inhalation exposure concentration during the loading of NMP in solid
formulations using EPA’s OSHA PEL for PNOR model (U.S. EPA, 2013a), which is the lowest
approach on the hierarchy. EPA did not use these inhalation exposure concentrations for the PBPK
modeling because the PBPK model does not account for solids and because both the inhalation and
dermal exposure potential are captured within other occupational exposure scenarios. EPA is uncertain
of the accuracy of the emission factors used to estimate fugitive NMP emissions and thereby to model
NMP air concentrations. For the maintenance, bottling, shipping, and loading of liquid NMP, the
monitoring data consists of only 7 data points from 1 source. The representativeness of the modeling and
the monitoring data toward the true distribution of inhalation concentrations for these occupational
exposure scenarios is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.5 Metal Finishing
This scenario includes the use of metal finishing products containing NMP. For this industrial and
commercial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to
metal finishing products containing NMP from the following application methods:

e Spray application;

e Dip application; and

e Brush application.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or sampling, EPA expects that application activities present the largest range of potential
exposures.

Inhalation and Vapor-through-Skin

EPA compiled inhalation monitoring data for NMP-based metal finishing applications from published
literature sources, including 8-hour TWA, short-term and partial shift sampling results. Where available,
EPA used monitoring data for metal finishing or surrogate monitoring data (surrogate work activities
using NMP) for the use of NMP during the Application of Paints, Coatings, Adhesives, and Sealants
(Section 2.4.1.2.5) and Cleaning (Section 2.4.1.2.10) that had the highest quality rating to assess
exposure. Where monitoring data were unavailable for an application type, EPA used modeling
estimates with the highest data quality to assess exposure.

EPA found limited data on the application of metal finishing chemicals and thus assessed spray
application using data from the Application of Paints, Coatings, Adhesives, and Sealants occupational
exposure scenario (Section 2.4.1.2.5) as a surrogate for the worker activities in this occupational
exposure scenario. EPA also used data for dip cleaning from the Cleaning occupational exposure
scenario (Section 2.4.1.2.10) as a surrogate for the worker activities in this occupational exposure
scenario. EPA used these data as surrogate because of the lack of more applicable data and due to the
similarity in work activities (e.g., spray and dip activities are similar between these OESs) between the
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occupational exposure scenarios. Finally, EPA used a modeled exposure estimate for the brush
application of a substance containing NMP.

The monitoring data and the modeled exposure estimates for metal finishing are summarized according
to the input parameters used for the PBPK modeling in Table 2-19. The supplemental document Risk
Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on
Occupational Exposure Assessment (U.S. EPA, 2019r) provides additional details.

Table 2-19. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Metal Finishing

: Duration-
Full-Shift Based NMP
NMP Air . Data
Work Parameter ST T Air Source Qualit
Activity | Characterization Concentration ity
s Rating
(mg/m?, 8- hr (mg/m?)
TWA)
Low-end (of 0.04 (duration =
0.04
range) 4 hr)
Spray 0.53 (duration = High
Application Mean 0.53 4 hr) (NIOSH, 1998)
High-end (of 4.51 (duration =
4,51
range) 4 hr)
Surrogate data
(surrogate work
Central Teg g 0.99 No data activities using
(50™ percentile) NMP) from: | .
Dip (RIVM, 2013; toeh;“[]n
Application Nishimura et al., g
) o 2009; Bader et
ngh'end_(gs 2.75 No data al., 2006; Xiaofei
percentile) et al., 2000)
(IFA, 2010)
Brush | gingle estimate 413 No data (RIVM, 2013) | High
Application '
Dermal

Table 2-20 summarizes the parameters used to assess dermal exposure during application of metal
finishing formulations containing NMP. Most of these parameters were determined based on
assumptions described in Section 2.4.1.1. EPA used data from the 2012 and 2016 CDR to determine the
NMP weight fraction, which indicate that the weight concentration of NMP in formulation is greater
than 60 percent but less than 90 percent. Due to lack of additional information, EPA assesses a low-end
weight fraction of 0.6 and a high-end weight fraction of 0.9. The CDR data have a data quality rating of
high. Because this scenario covers a variety of commercial and industrial sites, EPA assumes that either
no gloves are used or, if gloves are used, that there is no permeation data to indicate the glove material is
protective for NMP, corresponding to a protection factor of 1. EPA assesses a central tendency scenario
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1769  assuming the use of gloves with minimal to no employee training, corresponding to a protection factor
1770  of 5.

1771

1772  Table 2-20. Summary of Parameters for Worker Dermal Exposure to Liquids During Metal
1773  Finishing

Skin
NMP Body
Work Parameter GIOV? Weight S 2RI Weight
Activit Characterization FGEEIN Fraction Al DA, a
y Factor(s) Exposed 2
Unitless cm? hr/day kg
All forms of | Central Tendency 5 0.6 54;; (M 4
application 890((mf)) 8784((1[))
. . m
listed above High-end 1 0.9 1,070 (m) 8

1774  *EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
1775  values associated with males are denoted with (m).

1776

1777  PBPK Inputs

1778  EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
1779  characterizations listed in Table 2-21.

1780

1781  The numeric parameters corresponding to the characterizations presented in Table 2-21 are summarized
1782  in Table 2-22. These are the inputs used in the PBPK model.
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Table 2-21. Characterization of PBPK Model Input Parameters for Metal Finishing

Air Concentration Skin Surface . .
Scenario Work Activity Data Exposyre Area Gloves ML Welght_ Fra_lctlon
L Duration Characterization
Characterization Exposed
Central Tendency | Spray application Mean Assumed 4 hours 1-hand Yes Central Tendency
High-end Spray application | High-end (of range) |Assumed 8 hours 2-hand No High-end
th
Central Tendency | Dip application Centra;;gggg?ec)y (50 Assumed 4 hours 1-hand Yes Central Tendency
iqh- th
High-end Dip application High end_(95 Assumed 8 hours 2-hand No High-end
percentile)
Central Tendency | Brush application Single estimate Assumed 4 hours 1-hand Yes Central Tendency
High-end Brush application Single estimate Assumed 8 hours 2-hand No High-end
Table 2-22. PBPK Model Input Parameters for Metal Finishing
Duration-Based NMP . Gloves . Body
Scenario A\i:\{?JiI:y Air Concentration DuEr);Ft)?oS# Eﬁ ) Sé'(g(i‘;gf?;en'%‘?f Protection Nl\éfa\c/}[/izlr?ht Weight
(mg/md) Factor (kg) 2
Central Spray 445 (f) 74 (f)
Tendency application 0258 4 535 (m) S 0.6 88 (m)
_— Spray 890 () 74 (f)
High-end application 4.51 £ 1,070 (m) 1 0.9 88 (m)
Central Dip 445 (f) 74 (f)
Tendency application " 4 535 (m) > 0.6 88 (m)
_— Dip 890 () 74 (f)
High-end application 2.75 p 1,070 (m) 1 0.9 88 (m)
Central Brush 445 (f) 74 (f)
Tendency application 8.26 4 535 (m) > 0.6 88 (m)
_— Brush 890 (f) 74 (f)
High-end application e 8 1,070 (m) ! 0.9 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and values associated with males are denoted

with (m).

b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not assess glove usage (protection factor = 1) for

ONUs.
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Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to liquids using the most recent CDR data for concentration provided by
industry submitters. To estimate inhalation exposure during spray application, EPA used surrogate
monitoring data (surrogate work activities using NMP), which is in the middle of the approach
hierarchy, including 26 data points. These data have a data quality rating of high. To estimate inhalation
exposure during dip application, EPA used surrogate monitoring data for the use of NMP design dip
cleaning, which is in the middle of the approach hierarchy, including data from 5 sources. These data
have data quality ratings of medium to high. To estimate inhalation exposure during brush application,
EPA used modeled data from the RIVM report (RIVM, 2013), which has a data quality rating of high.
The use of modeling is in the middle of the approach hierarchy. EPA used durations associated with
inhalation monitoring data to estimate duration of inhalation and dermal exposure during spray
application.

Primary Limitations

EPA did not find exposure data for this occupational exposure scenario and used surrogate or modeled
data to assess occupational inhalation exposures. For occupational exposure scenarios other than spray
application, EPA did not find exposure duration data and assumed a high-end of 8 hours because the
surrogate data or modeled values are 8-hour TWA values. EPA assumed a mid-range of 4 hours for
central tendency exposure duration. The representativeness of the assumed estimates of duration of
inhalation and dermal exposure for the assessed activities toward the true distribution of duration for all
worker activities in this occupational exposure scenario is uncertain. Due to lack of data, EPA could not
calculate central tendency and high-end NMP concentration in metal finishing products and used the
low-end and high-end of the NMP concentration range reported in 2016 CDR. Skin surface areas for
actual dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational
exposure scenario and assumed glove usage with minimal to no employee training or no glove usage due
to the potential wide-spread use of metal finishing products. The assumed glove protection factor values
are uncertain. The available monitoring data for spray application is from 1996. The extent to which
these data are representative of current worker inhalation exposure potential is uncertain. The worker
activities associated with the surrogate data used to assess worker inhalation exposure during dip
application are not detailed for all sample points. The modeled inhalation exposure concentration during
roller/brush application was obtained from RIVM (2013) and not generated by EPA. For all
occupational exposure scenarios, representativeness of the monitoring data, surrogate monitoring data,
or modeled data toward the true distribution of inhalation concentrations for this occupational exposure
scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.
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2.4.1.2.6 Removal of Paints, Coatings, Adhesives and Sealants
This scenario includes the use of paint, coating, adhesive, and sealant removal products containing
NMP. For this industrial and commercial exposure scenario, EPA assessed inhalation, vapor-through-
skin, and dermal exposures to paint, coating, adhesive, and sealant removal products containing NMP
from the following activities:

e Miscellaneous paint and coating removal; and

e Graffiti removal.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or sampling, EPA expects that removal activities present the largest range of potential
exposures.

Worker activities for the removal of paints, coatings, adhesives, and sealants involve the application of
products containing high concentrations of NMP onto open surfaces from which evaporation will occur.
This results in higher NMP air concentrations and potential worker exposures relative to other
occupational exposure scenarios in this risk evaluation.

Inhalation and Vapor-through-Skin

EPA compiled inhalation monitoring data for NMP-based paint, coating, adhesive, and sealant removal
from published literature sources, including 8-hour TWA, short-term, and partial shift sampling results.
This data is summarized into low-end (lowest concentration), high-end (highest concentration), and
mean or mid-range values in Table 2-23. EPA used the available monitoring data with the highest data
quality to assess exposure for this use. The data presented in Table 2-23 are the input parameters used
for the PBPK modeling for workers. The supplemental document Risk Evaluation for N-
Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) provides additional details.

Table 2-23. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Removal of Paints, Coatings, Adhesives and Sealants

Full-Shift NMP | Duration-Based
p t Air NMP Air Data
Work Activity arameter Concentration Concentration | Source | Quality
Characterization = :
(mg/m?, 8-hr (mg/m?) Rating
TWA) g
Low end (of 6.1 (duration =1
. 1.0
Miscellaneous range) hr)
paint, coating 13.2 (duration =1 (U.S.
. ' Mid-range 32.5 ' EPA, High
adhesive, and hr) 2015)
sealant removal High end (of 64 280 (duration=1 | —
range) hr)
Low end (of
range) 0.03 No data (Us.
Graffiti removal Mean 1.01 No data EPA, High
High end (of 452 No data 2015)
range)
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Dermal

Table 2-24 summarizes the parameters used to assess dermal exposure during paint, coating, adhesive,
and sealant removal. Most of these parameters were determined based on assumptions described in
Section 2.4.1.1. EPA used data from public comments, literature sources, and the Use and Market
Profile for N-Methylpyrrolidone (Abt, 2017) to determine the NMP weight fraction. The underlying data
have data quality ratings ranging from medium to high. One anecdotal survey of glove usage among
workers performing graffiti removal indicates that most workers wear gloves, although the glove
materials varied and were sometimes not protective (U.S. EPA, 2015). Because this scenario covers a
variety of commercial and industrial sites, EPA assumes that either no gloves are used or, if gloves are
used, there is no permeation data to indicate the glove material is protective for NMP, corresponding to
a protection factor of 1. EPA assesses a central tendency scenario assuming the use of gloves with
minimal to no employee training, corresponding to a protection factor of 5.

Table 2-24. Summary of Parameters for PBPK Modeling of Worker Dermal Exposure to Liquids
During Removal of Paints, Coatings, Adhesives and Sealants

Skin
NMP Body
Glove . Surface | Exposure :
Work Activity Chapraartgat?r?;gion Protection Ig/;/aeé?igtl Area Duration We;ght
Factor(s) Exposed 2
Unitless cm? hr/day kg
Miscellaneous 445 (f)
paint, coating, Central Tendency 5 0.305 535 (m) 1 74 (f)
adhesive, and . 890 (f) 88 (m)
sealant removal High-End ! U5 1,070 (m) 8
Central Tendency 5 0.5 445 (1) 4
" 535 (m) 74 (f)
Graffiti removal 890 () 88 (m)
High-End 1 0.6125 1,070 (m) 8

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-25.

The numeric parameters corresponding to the characterizations presented in Table 2-25 are summarized
in Table 2-26. These are the inputs used in the PBPK model.
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Table 2-25. Characterization of PBPK Model Input Parameters for Removal of Paints, Coatings,
Adhesives and Sealants

Air Skin .
. Work Concentration | Exposure | Surface NMPV\/_elght
Scenario - . Gloves Fraction
Activity Data Duration Area o
.. Characterization
Characterization Exposed
Miscellaneous
. . Based on
Central paint, _coatlng, . 1-hr
Tendency adhesive, and Mid-range TWA 1-hand Yes | Central Tendency
sealant
data
removal
Miscellaneous
paint, coating, —
High-end | adhesive, and High-end (of Assumeg 2-hand No High-end
range) 8 hours
sealant
removal
Central Graffi Mean ASSUTIE 1-hand Yes | Central Tendency
Tendency removal 4 hours
High-end Graffiti High-end (of Assumed 9-hand No High-end
removal range) 8 hours

Table 2-26. PBPK Model Input Parameters for Removal of Paints, Coatings, Adhesives and

Sealants
. SKkin
DurNaIt\|/|o|£1 :E?SEOI Exposure | Surface Gloves NMP Body
Scenario | Work Activity . Duration | Area |Protection | Weight | Weight
Concentration . a
3 (hr) Exposed | Factor |Fraction| (kg)
Miscellaneous
Central | paint, coating, 445 (f) 74 (f)
Tendency | adhesive, and 158 ! 535 (m) > 0.305 88 (m)
sealant removal
Miscellaneous
— paint, coating, 890 (f) 74 (f)
High-end adhesive, and 64 8 1,070 (m) 1 0.695 88 (m)
sealant removal
Central . 445 (1) 74 (f)
Tendency Graffiti removal 2.02 4 535 (m) 5 0.5 88 (m)
. - 890 (f) 74 (f)
High-end | Graffiti removal 4.52 8 1,070 (m) 1 0.613 88 (m)
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.
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Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to central tendency and high-end NMP weight fractions, calculated as
the 50" and 95" percentiles, respectively, from a variety of data sources with data quality ratings
ranging from medium to high. To estimate inhalation exposure during miscellaneous paint and coating
removal, EPA used directly applicable personal monitoring data, the highest of the approach hierarchy,
including data from three studies. These data have a data quality rating of high. To estimate inhalation
exposure during graffiti removal, EPA used directly applicable personal monitoring data, the highest of
the approach hierarchy, including 25 data points. These data have a data quality rating of high. EPA
used durations associated with inhalation monitoring data to estimate duration of inhalation and dermal
exposure during miscellaneous paint, coating, adhesive, and sealant removal.

Primary Limitations

For graffiti removal, EPA did not find data other than 8-hour TWA values. EPA assumed a high-end
exposure duration equal to 8 hours and a central tendency exposure duration of 4 hours, which is the
mid-range of a full shift. The representativeness of the assumed estimates of duration of inhalation and
dermal exposure for the assessed activities toward the true distribution of duration for all worker
activities in this occupational exposure scenario is uncertain. EPA did not find data on the use of gloves
for this occupational exposure scenario and assumed glove usage with minimal to no employee training
or no glove usage due to the wide-spread use of removal products. The assumed glove protection factor
values are uncertain.

The short-term inhalation exposure concentrations for miscellaneous removal are based on data from
1993 and the extent to which these data are representative of current worker inhalation exposure
potential is uncertain. For graffiti removal, EPA used the minimum, mean, and maximum air
concentrations reported by one literature source for 25 datapoints. EPA did not have these 25 data points
with which to calculate 50th and 95th percentile values. The representativeness of the monitoring data
toward the true distribution of inhalation concentrations for this occupational exposure scenario is
uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.7 Application of Paints, Coatings, Adhesives and Sealants

This scenario includes the application of paints, coatings, adhesives, and sealants containing NMP. For
this industrial and commercial exposure scenario, EPA assessed inhalation, vapor-through-skin, and
dermal exposures to paints, coatings, adhesives, and sealants containing NMP from the following
application methods:

Page 94 of 487



1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Spray application;

Roll / curtain application;

Dip application; and

Roller / brush and syringe / bead application.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or sampling, EPA expects that application activities present the largest range of potential
exposures.

Inhalation and Vapor-through-Skin

EPA compiled inhalation monitoring data and modeled exposure data for NMP-based paint, coating,
adhesive, and sealant application from published literature sources, including 8-hour TWA, short-term,
and partial shift sampling results. Where available, EPA compiled surrogate monitoring data (surrogate
work activities using NMP) for the use of NMP during cleaning, which is described in Section
2.4.1.2.10. Where monitoring data were unavailable for an application type, EPA used surrogate
monitoring data (surrogate work activities using NMP) or modeling estimates with the highest data
quality to assess exposure, as further described below.

EPA found limited to no inhalation monitoring data on roll / curtain application, dip application, or
roller /brush and syringe / bead application with NMP-containing formulations, so either surrogate data
for the use of NMP during the Cleaning occupational exposure scenario or modeling data were used to
determine the modeling parameters for these application methods. The EPA/OPPT UV Roll Coating
Model was used for roll / curtain coating application and involved deterministic modeling.

The monitoring data and the modeled exposures for this life cycle stage are summarized in Table 2-27.
The supplemental document Risk Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-)
(NMP), Supplemental Information on Occupational Exposure Assessment (U.S. EPA, 2019r) provides
additional details.

Table 2-27. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Application

. Duration-
FuII-Shl_ft Based NMP
NMP Air . Data
gl PEIEITEET Concentration AIr Source Quialit
Activity | Characterization Concentration Ity
3 Rating
(mg/m?, 8-hr (mg/m?)
TWA) g
Low-end (of 0.04 (duration
0.04 _
range) =4 hr)
Spray. Mean 053 0.53_(durat|on (NIOSH, 1998) High
Application =4 hr)
High-end (of 4.51 (duration
4.51 _
range) =4 hr)
Central Tendency EPA/OPPT UV Not
(50" percentile) 0.03 No data Roll Coating applicable?
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. Duration-
AUl Based NMP
NMP Air . Data
bl PRSI Concentration Alr Source Qualit
Activity | Characterization Concentration Rati y
3 ating
(mg/m?, 8-hr (mg/m?)
TWA) g
Roll / — th Model (U.S.
Curtain | High-end (95 0.19 No data EPA, 2013a)
o percentile)
Application
Surrogate data
Central Tendency (surrogate work
(50" percentile) 0.99 No data activities using
NMP) from: Medium
Dip (RIVM, 2013; o hiah
Application IFA, 2010; g
High-end (95 lehlmura etal.,
percentile) 2.75 No data 2009; Badgr et _
al., 2006; Xiaofei
et al., 2000)
Roller /
Brush and
Syringe / Single estimate 4.13 No data (RIVM, 2013) High
Bead
Application

a - EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically review
models that were developed by EPA.

Dermal

Table 2-28 summarizes the parameters used to assess dermal exposure during application of paints,
coatings, adhesives, and sealants containing NMP. Most of these parameters were determined based on
assumptions described in Section 2.4.1.1. EPA used data from public comments, literature, and the Use
and Market Profile for N-Methylpyrrolidone (Abt, 2017) to determine the NMP weight fraction. The
underlying data rated by EPA have data quality ratings ranging from medium to high. Because this
scenario covers a variety of commercial and industrial sites, EPA assumes that either no gloves are used
or, if gloves are used, there is no permeation data to indicate the glove material is protective for NMP,
corresponding to a protection factor of 1. EPA assesses a central tendency scenario assuming the use of
gloves with minimal to no employee training, corresponding to a protection factor of 5.
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Table 2-28. Summary of Parameters for Worker Dermal Exposure to Liquids During Application
of Paints, Coatings, Adhesives and Sealants

Skin
NMP Body
Work Parameter GIOV? Weight Slir e Exposyre Weight
Activit ch terizati Protection | - tion Area Duration a
ctivity aracterization Factor(s) Exposed @
Unitless cm? hr/day kg
All forms of | Central Tendency 5 0.02 445 (1) 4
application %39%(?)) 87; ((f))
. . m
listed above High-End 1 0.534 1,070 (m) 8

2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-29.

The numeric parameters corresponding to the characterizations presented in Table 2-29 are summarized

in

Table 2-30. These are the inputs used in the PBPK model.

Table 2-29. Characterization of PBPK Model Input Parameters for Application of Paints,
Coatings, Adhesives, and Sealants

Air Skin .
. Work Concentration Exposure | Surface NMPWelght
Scenario o . Gloves Fraction
Activity Data Duration Area -
. Characterization
Characterization Exposed
Central Spra Basad on
pray Mean 4-hr TWA | 1-hand Yes Central Tendency
Tendency | application data
: Based on
High-end Spray pllgn-entgy 8-hr TWA | 2-hand No High-end
application range)
data
Central RO"./ Central tendency | Assumed
curtain t . 1-hand Yes Central Tendency
Tendency .. (50" percentile) 4 hours
application
Roll / . th Based on
High-end curtain ngh-end_(95 8-hr TWA | 2-hand No High-end
L percentile)
application data
Central Dip Central tendency | Assumed i
Tendency | application | (50" percentile) 4 hours 1-hand Yes Central Tendency
. . Based on
_ th
High-end | . DIP. High-end 957 | g T\wA | 2-hand | No High-end
application percentile) data
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Air Skin .
. Work Concentration Exposure | Surface b Welght
Scenario o . Gloves Fraction
Activity Data Duration Area o
. Characterization
Characterization Exposed
Central BF”S*! Single estimate Assumed 1-hand Yes Central Tendency
Tendency | application 4 hours
Brush Based on
High-end o Single Estimate | 8-hr TWA | 2-hand No High-end
application q
ata
Table 2-30. PBPK Model Input Parameters for Application of Paints, Coatings, Adhesives and
Sealants
. Skin
Duratlon-Based Exposure | Surface Glove NMP Body
. Work NMP Air . : . .
Scenario - . Duration Area Protection | Weight | Weight
Activity | Concentration A a
3 (hr) Exposed Factor | Fraction | (kg)
(mg/m°) 2) ab
(cm9) *
Central Spray 445 (f) 74 (f)
Tendency | application 0.530 4 535 (m) S 0.02 88 (m)
— Spray 890 (f) 74 (1)
High-end application 4.51 8 1,070 (m) é 0.534 88 (m)
Roll /
Central : 445 (f) 74 (f)
Tendency cur ta'F‘ UL 4 535 (m) > 0.02 88 (m)
application
Roll /
_— . 890 () 74 (1)
High-end curtain 0.19 8 1,070 (m) 1 0.534 88 (m)
application
Central Dip 445 (f) 74 (f)
Tendency | application 1.9% 4 535 (m) S 0.02 88 (m)
. 4~ Dip 890 () 74 (f)
High-end application 87> 8 1,070 (m) ! 0.534 88 (m)
Central Brush 445 (f) 74 (f)
Tendency | application 26 4 535 (m) > 0.02 88 (m)
— Brush 890 () 74 (f)
High-end application 4.13 8 1,070 (m) 1 0.534 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUSs.
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Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to central tendency and high-end NMP weight fractions, calculated as
the 50" and 95" percentiles, respectively, from a variety of data sources with data quality ratings
ranging from medium to high. To estimate inhalation exposure during spray application, EPA used
directly applicable personal monitoring data, the highest of the approach hierarchy, including 26 data
points. These data have a data quality rating of high. To estimate inhalation exposure during roll/curtain
application, EPA used modeling, which is in the middle of the approach hierarchy. To estimate
inhalation exposure during dip application, EPA used surrogate monitoring data for the use of NMP
during dip cleaning, which is in the middle of the approach hierarchy, including data from 5 sources.
These data have data quality ratings of medium to high. To estimate inhalation exposure during roller /
brush and syringe/bead application, EPA used modeled data from the RIVM report (RIVM, 2013),
which has a data quality rating of high. The use of modeling is in the middle of the approach hierarchy.
EPA used durations associated with short-term inhalation monitoring data to estimate duration of
inhalation and dermal exposure during spray application.

Primary Limitations

For occupational exposure scenarios other than spray application, EPA did not find exposure duration
data and assumed a high-end of 8 hours because the surrogate data or modeled values are 8-hour TWA
values. EPA assumed a mid-range of 4 hours for central tendency exposure duration. The
representativeness of the assumed estimates of duration of inhalation and dermal exposure for the
assessed activities toward the true distribution of duration for all worker activities in this occupational
exposure scenario is uncertain. Skin surface areas for actual dermal contact are uncertain. EPA did not
find data on the use of gloves for this occupational exposure scenario and assumed glove usage with
minimal to no employee training or no glove usage due to the wide-spread use of paint, coating,
adhesive, and sealant products. The assumed glove protection factor values are uncertain.

The available monitoring data for spray application is from 1996 and the surrogate monitoring data used
in the model for roll / curtain application is from 1994 or earlier. The extent to which these data are
representative of current worker inhalation exposure potential is uncertain. The worker activities
associated with the surrogate data (surrogate work activities using NMP) used to assess worker
inhalation exposure during dip application are not detailed for all sample points. The modeled inhalation
exposure concentration during roller / brush application was obtained from RIVM (2013) and not
generated by EPA. For all occupational exposure scenarios, representativeness of the monitoring data,
surrogate monitoring data, or modeled data toward the true distribution of inhalation concentrations for
this occupational exposure scenario is uncertain.
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Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.8 Electronic Parts Manufacturing
This scenario includes the use of NMP in the electronics industry. For this industrial exposure scenario,
EPA assessed inhalation, vapor-through-skin, and dermal exposures to NMP from the following
exposure scenarios during semiconductor manufacturing:

e Container handling (small containers);
Container handling (drums);
Workers in the fabrication shop;
Maintenance activities;
Virgin NMP truck unloading; and
Waste NMP truck loading.
EPA expects that these activities present the largest range of potential exposures for use of NMP in the
semiconductor manufacturing industry. While operations for the various types of electronics
manufacturing that are included in this occupational exposure scenario may vary, EPA expects these
activities in the semiconductor manufacturing industry are representative of the operating conditions
expected at other electronic parts manufacturing facilities, due to the use of similarly controlled
operations.

Inhalation and Vapor-through-Skin

Electronic parts manufacturing covers the use of NMP for lithium ion battery manufacturing, cleaning of
electronic parts, coating of electronic parts, including magnet wire coatings, and photoresist and solder
mask stripping. However, EPA only found inhalation monitoring data for the use of NMP in
semiconductor manufacturing. Specifically, EPA uses data received from the Semiconductor Industry
Association (SIA), which include full-shift personal breathing zone sampling results at semiconductor
fabrication facilities during container handling of both small containers and drums, workers inside the
fabrication rooms, maintenance workers, workers that unload trucks containing virgin NMP (100%), and
workers that load trucks with liquid waste NMP (92%) (SIA, 2019).

The SIA monitoring data were summarized into the PBPK modeling full-shift input parameters in Table
2-31. The majority (96% of all samples) of samples in SIA (2019) were non-detect for NMP. Because
the geometric standard deviation of the data set is greater than three, EPA used the limit of detection
(LOD) divided by two to calculate central tendency and high-end values where samples were non-detect
for NMP (U.S. EPA, 1994Db). Due to the high amount of non-detect results, this method may result in
bias. This is further described in the supplemental document Risk Evaluation for N-Methylpyrrolidone
(2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r). The SIA data included samples of both 8-hour TWA and 12-hour TWA values, with
much of the data being 12-hour TWA. EPA used the 12-hour TWA values to assess occupational
exposures in this occupational exposure scenario, as there is more data available for this exposure
duration, indicating that typical shifts in this industry are 12 hours. Note, however, that the single data
points available for the last two tasks in Table 2-31 are 8-hour TWA values.

Confidential data were submitted for an additional scenario for this industry and are not included in this
evaluation.
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Table 2-31. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Electronic Parts Manufacturing

Full-Shift NMP | Duration-Based
Air NMP Air Data
W_o_rk Paramgter_ Concentration Concentration | Source | Quality
Activity 2 Characterization 3 .
(mg/m?, 12-hour (ma/m?) Rating
TWA) g
Container Centthral tende_ncy 0.507 No data
. (50™ percentile)
handling, small High-end (957
containers g . 0.608 No data
percentile)
Central tendency
Container (50" percentile) 0.013 No data
; L th
handling, drums High end_(95 154 No data
percentile)
Centthral tende_ncy 0.138 No data
(50™ percentile) (SIA, .
Fab worker High-end (95" 2019) High
g . 0.405 No data -
percentile)
Centthral tende.ncy 0.020 No data
. (50™ percentile)
Maintenance High-end (957
gn-enc 0.690 No data
percentile)
Virgin NMP Single value 4.78° No data
truck unloading
Waste truck Single value 0.709 No data
loading
2 Electronic parts manufacturing includes the use of NMP for battery manufacturing, cleaning of electronic parts, coating of
electronic parts, including magnet wire coatings, and photoresist and solder mask stripping.
® These are 8-hour TWA values.

Dermal

Table 2-32 summarizes the parameters used to assess dermal exposure during use of NMP in in the
electronics industries. Most of these parameters were determined based on assumptions described in
Section 2.4.1.1. EPA used data from SIA (2019), public comments, literature, and the Use and Market

Profile for N-Methylpyrrolidone (Abt, 2017) to determine the NMP weight fraction. The underlying data
has a data quality rating of high. Because this scenario has only industrial sites, EPA assumes that
workers are likely to wear protective gloves and have basic training on the proper usage of these gloves
for both central and high-end exposures, corresponding to a protection factor of 10.
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Table 2-32. Summary of Parameters for Worker Dermal Exposure During Electronic Parts

Manufacturing

Gl NMP SSE‘I:ce Exposure el
Work Activity Parameter ove Weight POSt Weight
. Protection : Area Duration b
a Characterization Factor(s) Fraction Exposed ®
Unitless cm? hr/day kg
Container Central Tendency 10 0.6 ;;; ((mf)) 6 74 (f)
handling, small 890 (f) 88 (m)
containers High-End 10 0.75 1,070 (m) 12
Container Central Tendency 10 0.5 ;;55 ((mf)) 6 74 (f)
handling, . 890 (f) 88 (m)
drums High-End 10 0.75 1,070 (m) 12
Central Tendency 10 0.15 54;55 ((mf)) 6 74 (f)
Fab worker _ 890 () 88 (m)
High-End 10 0.999 1,070 (m) 12
Central Tendency 10 0.55 54;55 ((mf)) 6 74 (f)
Maintenance 890 (1) 88 (m)
High-End 10 1 1,070 (m) 12
445 (f)
Virgin NMP Central Tendency 10 1 535 (m) 4 74.(f)
truck unloading High-End 10 1 1%%% ((fr)n) 8 88 (m)
445 (f)
Waste truck Central Tendency 10 0.92 535 (m) 4 74.(f)
loading High-End 10 0.92 1%97% ((fr)n) 8 88 (m)

2 Electronic parts manufacturing includes the use of NMP for battery manufacturing, cleaning of electronic parts, coating of
electronic parts, including magnet wire coatings, and photoresist and solder mask stripping.
b EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-33.

The numeric parameters corresponding to the characterizations presented in Table 2-33 are summarized
in Table 2-34. These are the inputs used in the PBPK model.
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Table 2-33. Characterization of PBPK Model Input Parameters for Electronic Parts
Manufacturing

Alr Skin
Work | Concentration NMP Weight
. o Exposure Surface .
Scenario | Activity Data - Gloves Fraction
a .. Duration Area o
Characterization Characterization
b Exposed
Central All Central tendency | Mid-point of
Tendency |activities| (50" percentile) |shift duration 1-hand > & Central tendency
. All High-end (95" | High-end of .
High-end activities percentile) shift duration 2-hand R High-end

a Electronic parts manufacturing includes the use of NMP for battery manufacturing, cleaning of electronic parts, coating of
electronic parts, including magnet wire coatings, and photoresist and solder mask stripping.
®Only a single estimate was available for virgin NMP truck unloading and waste truck loading. This single air concentration
value was used with both central tendency and high-end duration and dermal parameters.

Table 2-34. PBPK Model Input Parameters for Electronic Parts Manufacturin

Duration- Skin
Work Based NMP | Exposure | Surface Gloves NMP Body
Activit Scenario Air Duration Area Protection | Weight | Weigh
y Concentratio (hr) Exposed Factor | Fraction | t (kg)?
n (mg/m?2) (cm?) &b
Container Central 445 (f) 74 (1)
handling, | Tendency 101 \ 535 (m) 10 0.6 88 (m)
small . 890 (f) 74 (f)
containers High-end 0.608 12 1,070 (m) 10 0.75 88 (m)
. Central 445 (f) 74 (f)
ﬁggé?;gsr Tendency 0.028 6 535 (m) 10 0.5 88 (m)
drums High-end 1.54 12 l%%%((i)n) 10 0.75 87;((:1))
Central 445 (f) 74 ()
Fab Worker Tendency 0.27% 6 535 (m) 10 0.15 88 (m)
- 890 (f) 74 (f)
High-end 0.405 12 1,070 (m) 10 0.999 88 (m)
Central 445 (f) 74 ()
Maintenanc | Tendency 040 6 535 (m) 10 0.55 88 (m)
e . 890 (f) 74 (f)
High-end 0.690 12 1,070 (m) 10 1 88 (m)
- Central 445 (f) 74 (1)
V”%:ECEMP tendency 9.56 4 535 (m) 10 1 88 (m)
) : 890 (f) 74 (f)
unloading | High-end 4.78 8 1,070 (m) 10 1 88 (m)
Central 445 (f) 74 (1)
Waste truck | tendency 142 4 535 (m) 10 0.92 88 (M)
loading — 890 (f) 74 (f)
High-end 0.709 8 1,070 (m) 10 0.92 88 (m)
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Duration- Skin
Work _ Based_NMP Expospre Surface Glove_s N I\_/IP Bon
Activity Scenario Air Duration Area Protection | Weight | Weigh
Concentratio (hr) Exposed Factor | Fraction | t (kg) 2
n (mg/md) (cm?) ab

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not

assess glove usage (protection factor = 1) for ONUs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to central tendency and high-end NMP weight fractions, calculated as
the 50™ and 95" percentiles, respectively, from the data provided by SIA (2019), which has a data
quality rating of high. EPA used directly applicable inhalation monitoring data, which is the highest of
the approach hierarchy, to estimate worker inhalation exposure during a variety of semiconductor
manufacturing tasks. These data include over one hundred data points and have a data quality rating of
high.

Primary Limitations

The SIA (2019) monitoring data were provided as 8-hour or 12-hour TWA values. EPA assumed 8 or 12
hours as the high-end exposure duration and mid-range of 4 or 6 hours as the central tendency exposure
duration. The representativeness of the estimates of duration of inhalation and dermal exposure for the
assessed activities toward the true distribution of duration for all worker activities in this occupational
exposure scenario beyond semiconductor manufacturing is uncertain. Skin surface areas for actual
dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational exposure
scenario and assumed glove usage is likely based on professional judgment, due to the highly controlled
nature of electronics manufacturing. The assumed glove protection factor values are uncertain.

The majority of the data points in SIA (2019) were non-detect for NMP and, for these samples, EPA
used the LOD/2 to calculate central tendency and high-end inhalation exposure concentration values.
Due to the high amount of non-detect results, this method may result in bias. The representativeness of
the monitoring data for semiconductor manufacturing toward the true distribution of inhalation
concentrations for all worker activities in this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

Page 104 of 487



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5161296
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5161296
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5161296

2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187

2188
2189
2190
2191
2192
2193
2194

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

2.4.1.2.9 Printing and Writing

This scenario includes printing and writing with inks containing NMP. For this industrial and
commercial exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to
inks containing NMP during printing activities. Additionally, EPA assessed dermal exposures to inks
containing NMP during writing activities.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or maintenance activities, EPA expects that printing and writing activities present the largest
range of potential exposures.

Inhalation and Vapor-through-Skin

EPA did not find inhalation monitoring data for the use of NMP-based printing inks. For printing
activities, EPA used ink mist concentration data from a NIOSH Health Hazard Evaluation at a
newspaper printing shop, with assumed NMP concentrations, to assess potential inhalation exposures in
this occupational exposure scenario. Of the available data, this surrogate data has the highest quality;
thus, EPA used this data to assess exposure for this use.

EPA did not find inhalation monitoring data for the use of writing utensils containing NMP. EPA did not
assess potential inhalation exposures during the use of NMP-based writing inks based on information
indicating these exposures may be negligible from a NICNAS assessment (NICNAS, 2016) and the
likely outdoor use of the one writing product that was identified (weather-resistant marker).

The monitoring data presented in Table 2-35 represent input parameters used for the PBPK modeling.
The supplemental document Risk Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-)
(NMP), Supplemental Information on Occupational Exposure Assessment (U.S. EPA, 2019r) provides
additional details.

Table 2-35. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Printing and Writing

Full-Shift NMP Duration-Based

or arameter Concentration Concentration Source Quality
Activity | Characterization 3 :
(mg/m?, 8-hr (mg/m?) Rating
TWA) g
ng;ral tende_r;cy 0.018 0.016 (drl:ratlon =4 (Belanger
Printing ( - percentile) ") - and Coye, Medium
High-end (95" 0.042 (duration = 4
) 0.172 1983)
percentile) hr)
Writing Not assessed
Dermal

Table 2-36 summarizes the parameters used to assess dermal exposure during printing and writing
activities. Most of these parameters were determined based on assumptions described in Section 2.4.1.1.
EPA used data from public comments and the Use and Market Profile for N-Methylpyrrolidone (Abt,
2017) to determine the NMP weight fraction. The underlying data have a data quality rating of high.
Because writing inks are contained within markers and pens, EPA expects the surface area of skin
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potentially exposed to NMP to be smaller than the surface area of one or two hands. EPA used data from
Australian Government Department of Health (2016), which has a data quality rating of medium, for the
skin surface area exposed during writing. Because this scenario covers a variety of commercial and
industrial sites, EPA assumes that either no gloves are used or, if gloves are used, there is no permeation
data to indicate the glove material is protective for NMP, corresponding to a protection factor of 1. EPA
assesses a central tendency scenario assuming the use of gloves with minimal to no employee training,
corresponding to a protection factor of 5.

Table 2-36. Summary of Parameters for Worker Dermal Exposure to Liquids During Printing

and Writing
Skin
NMP Body
Work Parameter GIOV? Weight Sl Exposgre Weight
- - Protection . Area Duration a
Activity | Characterization Factor(s) Fraction Exposed 2
Unitless cm? hr/day kg
Central Tendency 5 0.05 :;’55 ((r:?) 4 74.(f)
Printing _ 890 (f) 88 (m)
High-End 1 0.07 1,070 (m) 8
. Central Tendency 5 0.1 1° 0.5 74 ()
Writing High-End 1 0.2 15 05 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

b This surface area was assumed for both males and females based on (NICNAS, 2016).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-37.

The numeric parameters corresponding to the characterizations presented in Table 2-37 are summarized
in Table 2-38. These are the inputs used in the PBPK model.

Table 2-37. Characterization of PBPK Model Input Parameters for Printing and Writing

Skin
_ Work Air Concentration Exposure Surface NMP V\/_eight
Scenario Activity Data Duration Area Gloves Fraction
Characterization Exposed Characterization
(cm?)
Central o Central tendency Based on
Tendenc Printing 5Qth i 4-hr TWA 1-hand Yes Central tendency
y (50™ percentile) data
. th Based on
High-end | Printing ngh-enq[_l(95 8-hr TWA | 2-hand No High-end
percentile) data
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Skin
Air Concentration Surface NMP Weight
. Work Exposure .
Scenario Activit Data Duration Area Gloves Fraction
Y| Characterization Exposed Characterization
(cm?)
Central . Inhalation exposure Based on
Writing one contact 1 cm? Yes Central tendency
Tendency not assessed
event
) . Inhalation exposure Based on .
High-end | Writing one contact 1 cm? No High-end
not assessed
event
2213
2214  Table 2-38. PBPK Model Input Parameters for Printing and Writing
Duration-Based =Ll
. Exposure | Surface Gloves NMP Body
.| Work NMP Air : ; . .
Scenario - . Duration Area Protection | Weight | Weight
Activity | Concentration : a
3 (hr) Exposed Factor Fraction | (kg)
(mg/m°) 2) ab
(cm?)
Central - 445 (f) 74 (1)
Tendency Printing 0.016 4 535 (m) 5 0.05 88 (m)
. o 890 (f) 74 (f)
High-end | Printing 0.172 8 1,070 (m) 1 0.07 88 (m)
Central i 74 (f)
Tendency Writing 0 0.5 1 5 0.1 88 (m)
. . 74 (f)
High-end | Writing 0 0.5 1 1 0.2 88 (m)
® EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUSs.
2215
2216 Summary
2217  In summary, dermal and inhalation exposures are expected for use of NMP in printing. Only dermal
2218  exposure is expected for use of NMP in writing activities. EPA has not identified additional
2219  uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary strengths and
2220 limitations and assigned an overall confidence to the occupational exposure scenario inputs to the PBPK
2221  model, as discussed below. EPA considered the assessment approach, the quality of the data, and
2222  uncertainties to determine the level of confidence. Note that the effects of the limitations on this
2223  assessment are discussed in Section 2.4.1.4.
2224
2225  Primary Strengths
2226  For printing activities, EPA assessed dermal exposure to central tendency and high-end NMP weight
2227  fractions, calculated as the 50" and 95™ percentiles, respectively, from a variety of data sources with
2228  data quality ratings of high. For writing activities, EPA assessed dermal exposure to 10 to 20% NMP
2229  based on one writing product identified in the Use and Market Profile for N-Methylpyrrolidone (Abt,
2230  2017). For worker dermal exposure during writing, EPA determined the skin surface area dermally
2231  exposed to writing ink using a literature source with a data quality rating of high. To estimate worker
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inhalation exposure during printing, EPA used surrogate monitoring data, which is in the middle of the
approach hierarchy. These data include 48 samples and have a data quality rating of high. EPA used
durations associated with inhalation monitoring data to estimate duration of inhalation and dermal
exposure during printing activities.

Primary Limitations

For writing, EPA did not find exposure duration data and assumed a high-end of 8 hours based on the
length of a full shift and a central tendency of 4 hours based on the mid-range of a shift. The
representativeness of the assumed estimates of duration of inhalation and dermal exposure for the
assessed printing and writing activities toward the true distribution of duration for all worker activities in
this occupational exposure scenario is uncertain. For printing, skin surface areas for actual dermal
contact are uncertain. EPA did not find data on glove usage. For printing activities, EPA assumed glove
usage with minimal to no employee training or no glove usage due to the wide-spread use of ink
products. The assumed glove protection factor values are uncertain. For writing activities, EPA assumed
glove usage is unlikely for the use of markers based on professional judgment. The surrogate monitoring
data used to estimate occupational inhalation exposure during printing is from 1983. The extent to which
these data are representative of current worker inhalation exposure potential is uncertain. The
representativeness of the surrogate monitoring data toward the true distribution of inhalation
concentrations for this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.10 Soldering
This scenario includes soldering with solder materials containing NMP. For this industrial and
commercial exposure scenario, EPA assessed dermal exposures to NMP during soldering.

While EPA does expect that workers may perform additional activities during this scenario, such as
equipment maintenance activities, EPA expects that soldering presents the largest range of potential
exposures.

Inhalation and Vapor-through-Skin

Due to the low NMP content in the one identified soldering production containing NMP (1 to 2.5 weight
percent NMP), the potential for worker inhalation exposures is likely small. In addition, some of the
NMP may be destroyed in the soldering process, further mitigating the potential for inhalation
exposures. EPA therefore did not assess inhalation and vapor-through-skin exposures for this
occupational exposure scenario.

Dermal

Table 2-39 summarizes the parameters used to assess dermal exposure during the use of soldering
products containing NMP. Most of these parameters were determined based on assumptions described in
Section 2.4.1.1. EPA used data from the Use and Market Profile for N-Methylpyrrolidone (Abt, 2017) to
determine the NMP weight fraction. Because this scenario covers a variety of commercial and industrial
sites, EPA assumes that either no gloves are used or, if gloves are used, there is no permeation data to
indicate the glove material is protective for NMP, corresponding to a protection factor of 1. EPA
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assesses a central tendency scenario assuming the use of gloves with minimal to no employee training,
due to the widespread nature of this occupational exposure scenario, corresponding to a protection factor

of 5.
Table 2-39. Summary of Parameters for Worker Dermal Exposure During Soldering
Skin
NMP Body
Work Parameter GIOV? Weight SUAEES SR Weight
Activit Characterization PGS0 Fraction AR T a
y Factor(s) Exposed @
Unitless cm? hr/day kg
Central Tendency 5 0.01 a5 (g 4
: 535 (m) 74 ()
Soldering 890 () 88 (M)
High-end 1 0.025 1,070 (m) 8

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-40.

The numeric parameters corresponding to the characterizations presented in Table 2-40 are summarized

in Table 2-41. These are the inputs used in the PBPK model.

Table 2-40. Characterization of PBPK Model Input Parameters for Soldering

. . SKkin i
_ Work Air Concentration Exposure | Surface NMP V\/_elght
Scenario - Data . Gloves Fraction
Activity .. Duration Area o
Characterization Characterization
Exposed
Inhalation
Central Soldering Exposure Not Assumed 1-hand Yes Central Tendency
Tendency Assessed 4 hours
Inhalation Assumed
High-end | Soldering Exposure Not 8 hours 2-hand No High-end
Assessed
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Table 2-41. PBPK Model Input Parameters for Soldering

Duratlon-sased Exposure Sl SWIr e Gloves NMP Body
. NMP Air - Area : . .
Scenario c . Duration Protection | Weight Weight
oncentration (hr) SH{EE Factor | Fraction | (kg)?
(mg/m?3) (cm?) b °
Central 445 (f) 74 (f)
Tendency 0 4 535 (m) > 0.01 88 (m)
-~ 890 (f) 74 (f)
High-end 0 8 1,070 (m) ! 0.025 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary
In summary, only dermal exposure is expected for this use. EPA has not identified additional

uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary strengths and
limitations and assigned an overall confidence to the occupational exposure scenario inputs to the PBPK
model, as discussed below. EPA considered the assessment approach, the quality of the data, and
uncertainties to determine the level of confidence. Note that the effects of the limitations on this
assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed worker dermal exposure to 1 — 2.5% NMP based on one soldering product identified in
the Use and Market Profile for N-Methylpyrrolidone (Abt, 2017). EPA did not assess occupational
inhalation exposure because most NMP may be destroyed in the soldering process, mitigating the
potential for significant inhalation exposures.

Primary Limitations

EPA did not find exposure duration data and assumed a high-end of 8 hours based on the length of a full
shift and a central tendency of 4 hours based on the mid-range of a shift. The representativeness of the
assumed estimates of duration of inhalation and dermal exposure toward the true distribution of duration
for all worker activities in this occupational exposure scenario is uncertain. Skin surface areas for actual
dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational exposure
scenario and assumed glove usage with minimal to no employee training or no glove usage due to the
commercial nature of this use. The assumed glove protection factor values are uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is low to medium.

2.4.1.2.11 Commercial Automotive Servicing

This scenario includes automotive servicing with products containing NMP. For this commercial
exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to products
containing NMP during aerosol degreasing of automotive brakes.
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While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or sampling, EPA expects that aerosol degreasing activities present the largest range of
potential exposures.

Inhalation and Vapor-through-Skin

EPA did not find monitoring data for the use of NMP products during automotive servicing. Because
EPA did not find relevant monitoring data for this use in the published literature, modeling estimates
were used to assess exposure for this use, as described below.

In lieu of monitoring data, EPA modeled potential occupational inhalation exposures for workers using
EPA’s model for Occupational Exposures during Aerosol Degreasing of Automotive Brakes. The
Occupational Exposures during Aerosol Degreasing of Automotive Brakes Model involves probabilistic
modeling. This model uses a near-field/far-field approach, where an aerosol application located inside
the near-field generates a mist of droplets, and indoor air movements lead to the convection of the
droplets between the near-field and far-field. Workers are assumed to be exposed to NMP droplet
concentrations in the near-field, while ONUs are exposed at concentrations in the far-field. Consistent
with the approach for other OESs, EPA uses the central tendency worker air concentration to evaluate
ONU exposure and further refines this estimate using far-field modeling or applicable area monitoring
data if the ONU MOE was below the benchmark MOE. Refinement was not necessary for this OES
since the ONU MOE was above the benchmark MOE. The supplemental document Risk Evaluation for
N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) includes background information on this model, including
model results and EPA’s rationale for using it.

Table 2-42. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Commercial Automotive Servicing

. Duration-
Full-Shift Based NMP
NMP Air - Data
bl FEITEITIB ST Concentration Al Source Qualit
Activity | Characterization Concentration Ratin y
(mg/m3, 8-hr (mg/m?) g
TWA) g
Central tendency 6.39 19.96 (duration | Occupational
(50" percentile) ' =1hr) Exposures
Aerosol during Aerosol Not
Degreasing High-end (95" 43.4 128.8 (duration | Degreasing of | applicable?
percentile) ' =1hr) Automotive
Brakes Model

a - EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically
review models that were developed by EPA.

Dermal

Table 2-43 summarizes the parameters used to assess dermal exposure during cleaning activities. Most
of these parameters were determined based on assumptions described in Section 2.4.1.1. EPA used data
from public comments and the Use and Market Profile for N-Methylpyrrolidone (Abt, 2017) to
determine the NMP weight fraction. The underlying data have a data quality rating of high. Because this
scenario covers a variety of commercial and industrial sites, EPA assumes that either no gloves are used
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or, if gloves are used, there is no permeation data to indicate the glove material is protective for NMP,
corresponding to a protection factor of 1. EPA assesses a central tendency scenario assuming the use of
gloves with minimal to no employee training, corresponding to a protection factor of 5.

Table 2-43. Summary of Parameters for Worker Dermal Exposure to Liquids During Commercial
Automotive Servicing

Skin
NMP Body
Work Parameter GIOV? Weight S /PRl Weight
Activit ch terizati Protection | - ion Area Duration a
ctivity aracterization Factor(s) Exposed 2
Unitless cm? hr/day kg
Commercial | Central Tendency 5 0.025 445 () 1
: 535 (m) 74 (f)
Automotive 890 (f) 88 (m)
Servicing High-end 1 0.33 1,070 (m) 8

@ EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-44.

The numeric parameters corresponding to the characterizations presented in Table 2-44 are summarized
in Table 2-45. These are the inputs used in the PBPK model.

Table 2-44. Characterization of PBPK Model Input Parameters for Commercial Automotive
Servicing

. . Skin .
_ Work Air Concentration Exposure | Surface NMP Welght
Scenario - Data . Gloves Fraction
Activity . Duration Area o
Characterization Characterization
Exposed
Based on
Central Aerosc_)l Centthral tende_n cy time for 1-hand Yes Central Tendency
Tendency | degreasing | (50" percentile) one job
ah- th
High-end Aerosql High end_(95 Assumed 9-hand No High-end
degreasing percentile) 8 hours
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Table 2-45. PBPK Model Input Parameters for Commercial Automotive Servicing

Duration-Based sl
. Exposure | Surface Gloves NMP Body
: Work NMP Air . ; X :
Scenario S : Duration Area Protection | Weight | Weight
Activity | Concentration . a
3 (hr) Exposed Factor | Fraction | (kg)
(mg/m?) 2) ab
(cm?)
Central | Aerosol 445 (f) 74 (f)
Tendency | degreasing 19.96 1 535 (m) S 0.025 88 (m)
. Aerosol 890 (f) 74 (f)
High-end degreasing 434 8 1,070 (m) . 0.33 88 (m)
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to central tendency and high-end NMP weight fractions, calculated as
the 50" and 95" percentiles, respectively, from a variety of data sources with data quality ratings of
high. Modeling, in the middle of the approach hierarchy, was used to estimate occupational inhalation
exposure concentrations. For modeling of these air concentrations, EPA attempted to address variability
in input parameters by estimating both central tendency and high-end parameter values. Additionally,
EPA used Monte Carlo simulation to capture variability in input parameters. EPA expects the duration
of inhalation and dermal exposure to be realistic, as the duration is based on the length of time to
conduct aerosol degreasing of automotive brakes.

Primary Limitations

The representativeness of the estimates of duration of inhalation and dermal exposure for the aerosol
brake degreasing activities toward the true distribution of duration for all worker activities in this
occupational exposure scenario is uncertain. Skin surface areas for actual dermal contact are uncertain.
EPA did not find data on the use of gloves for this occupational exposure scenario and assumed glove
usage with minimal to no employee training or no glove usage due to the wide-spread use of degreasing
products. The assumed glove protection factor values are uncertain. For the modeling of NMP air
concentrations, EPA used aerosol product use rate and application frequency from one literature source
(CARB, 2000) on brake servicing. The extent to which this is representative of other aerosol degreasing
applications involving NMP is uncertain. The representativeness of the modeling results toward the true
distribution of inhalation concentrations for this occupational exposure scenario is uncertain.
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Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.12 Laboratory Use

This scenario includes the use of NMP in a laboratory setting. For this industrial and commercial
exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to 100% NMP
during laboratory activities.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading, EPA expects that laboratory use activities present the largest range of potential exposures.

Inhalation and Vapor-through-Skin

EPA only found one data source that had inhalation monitoring data, representing the preparation of
NMP for use in samples, sample preparation involving the dissolving of solids in NMP, and sample
analysis. These data were used as input into the PBPK model for 2-hour exposure duration. EPA did not
find additional monitoring data, thus used a modeled exposure for the use of NMP in a laboratory setting
for the full-shift concentrations. As the quality of both the monitoring and modeled data is acceptable,
EPA used all available data to assess this occupational exposure scenario.

The monitoring data and modeled exposure summarized in Table 2-46 are the input parameters used for
the PBPK modeling. The supplemental document Risk Evaluation for N-Methylpyrrolidone (2-
Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r) provides additional details.

Table 2-46. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Laboratory Use

Full-Shift NMP | Duration-Based
Work p i Air NMP Air Data
or arameter Concentration Concentration Source Quality
Activity Characterization = :
(mg/m?, 8-hr (mg/m?) Rating
TWA) g
Central tendency . _ | (Solomon
(unknown statistical 2.07 0.200 (zdﬁrr;tlon - etal., Medium
Laboratory characterization) 1996)
Use High-end (unknown
statistical 4.13 No data (RIVM High
Y . 2013)
characterization)

Dermal

Table 2-47 summarizes the parameters used to assess dermal exposure during use of NMP in
laboratories. Most of these parameters were determined based on assumptions described in Section
2.4.1.1. Because NMP is used as a carrier chemical, EPA expects that NMP may be used in pure form
(i.e., 100 percent NMP). Because laboratories have procedures and trainings to ensure accuracy and
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quality of the performed analyses, EPA assumes that workers are likely to wear protective gloves and
have basic training on the proper usage of these gloves, corresponding to a protection factor of 10.

Table 2-47. Summary of Parameters for Worker Dermal Exposure During Laboratory Use

Skin
NMP Body
Work Parameter GIOV? Weight SR Sl Weight
Activit ch terizati Protection Eraction Area Duration a
ctivity aracterization Factor(s) Exposed @
Unitless cm? hr/day kg
445 (f)
Laboratory Central tendency 10 1 535 (m) 2 74 (f)
Use — 890 (1) 88 (m)
High-end 10 1 1,070 (m) 8

2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and

values associated with males are denoted with (m).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-48.

The numeric parameters corresponding to the characterizations presented in Table 2-48 are summarized

in Table 2-49. These are the inputs used in the PBPK model.

Table 2-48. Characterization of PBPK Model Input Parameters by Laboratory Use

Air Concentration ST NMP Weight
i Work Exposure | Surface .
Scenario .. Data . Gloves Fraction
Activity . Duration Area o
Characterization E Characterization
Xposed
Central | Laborator Cer}tJﬁLLegv?/incy Based on N/A - 100% is
oratory . 2-hr TWA | 1-hand Yes assumed for both
Tendency | activities statistical )
A data exposure scenarios
characterization)
High-end N/A - 100% is
. Laboratory (unknown Assumed
High-end oo S 2-hand Yes assumed for both
activities statistical 8 hours )
characterization) €Xposure scenarios
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Table 2-49. PBPK Model Input Parameters for Laboratory Use

Duration-Based Sl
NMP Air Exposure Surface Gloves NMP Body
Scenario . Duration Area Protection Weight | Weight
Concentration . a
3 (hr) Exposed Factor Fraction (kg)
(mg/m?) (cm?) a0
Central 445 (f) 74 (f)
Tendency 0.200 2 535 (m) 20 1 88 (m)
. 890 (f) 74 (f)
High-end 4.13 8 1,070 (m) 20 1 88 (m)
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm? for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed occupational inhalation exposure using directly applicable personal monitoring data,
which is the highest of the approach hierarchy, from one source with a data quality rating of medium.
EPA also used a modeled inhalation exposure concentration value, which is in the middle of the
approach hierarchy, from RIVM (2013). This data has a data quality rating of high. EPA determined
central tendency exposure duration from the inhalation monitoring data. EPA expects the central
tendency duration of inhalation and dermal exposure to be realistic, as the duration is task-based.

Primary Limitations

EPA assumed a high-end exposure duration of 8 hours based on the length of a full shift. The
representativeness of the assumed estimates of duration of inhalation and dermal exposure for the
assessed activities toward the true distribution of duration for all worker activities in this occupational
exposure scenario is uncertain. EPA did not find NMP concentration data and assumed workers may be
exposed to up to 100% NMP since NMP is a carrier chemical, and carrier chemical concentrations may
be very high. Skin surface areas for actual dermal contact are uncertain. EPA did not find data on the use
of gloves for this occupational exposure scenario and assumed glove usage is likely based on
professional judgment, due to safety and quality standards in laboratories. The assumed glove protection
factor values are uncertain.

The monitoring data used for central tendency worker inhalation exposure is only one data point from a
1996 industrial hygiene report. The extent to which these data are representative of current worker
inhalation exposure potential is uncertain. The modeled high-end inhalation exposure concentration was
obtained from RIVM (2013) and not generated by EPA. The representativeness of the monitoring data
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and modeled exposure toward the true distribution of inhalation concentrations for this occupational
exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.13 Cleaning
This scenario includes the use of cleaning products containing NMP. For this industrial and commercial
exposure scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to cleaning
products containing NMP from the following activities:

e Dip cleaning / degreasing; and

e Spray / wipe cleaning.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or sampling, EPA expects that cleaning activities present the largest range of potential
exposures.

Inhalation and Vapor-through-Skin

EPA compiled inhalation monitoring data and modeled exposure concentration data for NMP-based
cleaning activities from published literature and used these data for the central tendency and high-end
(for full-shift) worker exposure concentrations presented in Table 2-50. EPA used the available
monitoring data for NMP use in cleaning that had the highest quality rating to assess exposure via this
use. The supplemental document Risk Evaluation for N-Methylpyrrolidone (NMP), Supplemental
Information on Occupational Exposure Assessment (U.S. EPA, 2019r) provides additional details.

Page 117 of 487


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5382963

2522
2523

2524

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Table 2-50. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During

Cleaning

Work Activity

Parameter
Characterization

Full-Shift
NMP Air
Concentration

Duration-
Based NMP
Air
Concentration

(mg/m3, 8-hr
TWA)

(mg/m3)

Source

Data

Quality
Rating

Dip Cleaning /
Degreasing

Central tendency (50"
percentile)

0.99

No data

High-end (95"
percentile)

2.75

No data

(RIVM
2013;
IEA,
2010;

Nishimura
etal.,
2009;

Bader et

al., 2006;

Xiaofei et

al., 2000)

Medium
to high

Spray / Wipe
Cleaning

Central tendency (50"
percentile)

1.01

No data

High-end (95™
percentile)

3.38

No data

(RIVM
2013;
IEA,
2010;

Nishimura

etal.,

2009;
Bader et
al., 2006)

Medium
to high
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2525  Dermal

2526  Table 2-51 summarizes the parameters used to assess dermal exposure during cleaning activities. Most
2527  of these parameters were determined based on assumptions described in Section 2.4.1.1. EPA used data
2528  from public comments, literature sources, and the Use and Market Profile for N-Methylpyrrolidone
2529  (Abt, 2017) to determine the NMP weight fraction. The underlying data have data quality ratings

2530  ranging from medium to high. Because this scenario covers a variety of commercial and industrial sites,
2531  EPA assumes that either no gloves are used or, if gloves are used, there is no permeation data to indicate
2532  the glove material is protective for NMP, corresponding to a protection factor of 1. EPA assesses a
2533  central tendency scenario assuming the use of gloves with minimal to no employee training,

2534  corresponding to a protection factor of 5.

2535
2536  Table 2-51. Summary of Parameters for Worker Dermal Exposure to Liquids During Cleaning
Skin
NMP Body
Work Parameter GIOV? Weight SR Sl Weight
Activit ch terizati Protection | . tion Area Duration a
ctivity aracterization Factor(s) Exposed @
Unitless cm? hr/day kg
: : 445 (f)
Dip Cleaning | Central Tendency 5 0.845 535 (m) 4 74 (f)
and 890 () 88 (m)
Degreasing High-End 1 0.999 1,070 (m) 8
445 (f)
Spray/Wipe Central Tendency 5 0.313 535 (m) 4 74 (f)
Cleaning — 890 (f) 88 (m)
High-End 1 0.989 1,070 (m) 8

2537 2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
2538  values associated with males are denoted with (m).

2539

2540  PBPK Inputs

2541  EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
2542  characterizations listed in Table 2-52. The numeric parameters corresponding to the characterizations
2543  presented in Table 2-52 are summarized in Table 2-53. These are the inputs used in the PBPK model.
2544

2545  Table 2-52. Characterization of PBPK Model Input Parameters for Cleaning

. : Skin :
_ Work Air Concentration Exposure | Surface NMP V\/_elght
Scenario - Data . Gloves Fraction
Activity N Duration Area o
Characterization Characterization
Exposed
Central Dip Central tendency Assumed
Tendency | cleaning (50" percentile) 4 hours 1-hand Yes Central Tendency
- - _ th
High-end | _ D'P High-end (950 | Assumed |, o0y | No High-end
cleaning percentile) 8 hours
Spray /
Central wipe Centthral tende_ncy Assumed 1-hand Yes Central Tendency
Tendency cleaning (50™ percentile) 4 hours
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. . Skin -
_ Work Air Concentration Exposure | Surface NMP V\/_elght
Scenario o Data . Gloves Fraction
Activity .. Duration Area o
Characterization Characterization
Exposed
Spray / . th
High-end wipe High end_(95 Assumed 2-hand No High-end
) percentile) 8 hours
cleaning
2546
2547
2548  Table 2-53. PBPK Model Input Parameters for Cleaning
Duration-Based Sk
. Exposure | Surface Gloves NMP Body
i Work NMP Air . : . :
Scenario o . Duration Area Protection | Weight | Weight
Activity | Concentration . a
3 (hr) Exposed Factor | Fraction | (kg)
(mg/m?) 2y ab
(cm)
Central Dip 445 (f) 74 (f)
Tendency | cleaning 1.98 4 535 (m) > 0.8% 88 (m)
- Dip 890 (f) 74 (f)
High-end cleaning 2.5 8 1,070 (m) . 0.999 88 (m)
Spray /
Central . 445 (f) 74 (f)
Tendency Wipe 2.02 4 535 (m) 2 0.313 88 (m)
cleaning
Spray /
_— . 890 (f) 74 (f)
High-end wipe 3.38 8 1,070 (m) 1 0.989 88 (m)
cleaning
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.
2549

2550 Summary
2551  In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

2552  additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
2553  strengths and limitations and assigned an overall confidence to the occupational exposure scenario
2554  inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
2555  the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
2556  on this assessment are discussed in Section 2.4.1.4.

2557

2558  Primary Strengths

2559  EPA assessed dermal exposure to central tendency and high-end NMP weight fractions, calculated as
2560  the 50" and 95" percentiles, respectively, from a variety of data sources with data quality ratings

2561  ranging from medium to high. To estimate inhalation exposure during dip cleaning, EPA used directly
2562  applicable monitoring data, which is in the highest of the approach hierarchy, including data from 5
2563  sources. These data have data quality ratings ranging from medium to high. To estimate inhalation
2564  exposure during spray / wipe application, EPA used directly applicable monitoring data, which is in the
2565  highest of the approach hierarchy, including data from 4 sources. These data have data quality ratings
2566  ranging from medium to high.

Page 120 of 487



2567
2568
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585
2586
2587

2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Primary Limitations

EPA did not find exposure duration data and assumed a high-end of 8 hours based on the length of a full
shift and a central tendency of 4 hours based on the mid-range of a shift. The representativeness of the
assumed estimates of duration of inhalation and dermal exposure for the assessed cleaning activities
toward the true distribution of duration for all worker activities in this occupational exposure scenario is
uncertain. Skin surface areas for actual dermal contact are uncertain. EPA did not find data on the use of
gloves for this occupational exposure scenario and assumed glove usage with minimal to no employee
training or no glove usage due to the wide-spread use of cleaning products. The assumed glove
protection factor values are uncertain.

The worker activities associated with the monitoring data used to assess inhalation exposure during dip
cleaning and spray/wipe cleaning were not detailed for all samples. Where EPA could not determine the
type of cleaning activities associated with a data point, EPA used the data in the estimates for both dip
and spray/wipe cleaning. For both occupational exposure scenarios, the representativeness of the
monitoring data toward the true distribution of inhalation concentrations for this occupational exposure
scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.14 Fertilizer Application

This scenario includes the use of fertilizers containing NMP. For this commercial exposure scenario,
EPA assessed inhalation, vapor-through-skin, and dermal exposures to NMP during application of
fertilizers.

While EPA does expect that workers may perform additional activities during this scenario, such as
unloading or maintenance activities, EPA expects that fertilizer application presents the largest range of
potential exposures.

Inhalation and Vapor-through-Skin

EPA did not find inhalation monitoring data for the application of fertilizers containing NMP. EPA
found modeled inhalation exposures during spray and fog application of agrochemicals (RIVM, 2013).
EPA uses the modeled exposures to assess potential inhalation exposures during this life cycle stage.
These data have a data quality rating of high.

The input parameters used for the PBPK modeling based on the modeled exposures are summarized in
Table 2-54. EPA did not model data on short-term inhalation exposures during the application of
fertilizers containing. The supplemental document Risk Evaluation for N-Methylpyrrolidone (2-
Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational Exposure Assessment
(U.S. EPA, 2019r) provides additional details.
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Table 2-54. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Fertilizer Application

Full-Shift NMP | Duration-Based
Air NMP Air Data
W(_)r_k Paramgter_ Concentration Concentration | Source | Quality
Activity Characterization .
(mg/m3, 8-hr (ma/m?) Rating
TWA) g
Central tendency
Manual spray | (unknown statistical 2.97 No data
or boom characterization) (RIVM Hiah
application of | High-end (unknown 2013) g
fertilizers statistical 5.27 No data
characterization)

Dermal

Table 2-55 summarizes the parameters used to assess dermal exposure during the use of agricultural
products containing NMP. Most of these parameters were determined based on assumptions described in
Section 2.4.1.1. EPA used data from literature, public comments, and the Use and Market Profile for N-
Methylpyrrolidone (Abt, 2017) to determine the NMP weight fraction. The underlying data have a data
quality rating of high. Because this scenario covers a variety of commercial and industrial sites, EPA
assumes that either no gloves are used or, if gloves are used, there is no permeation data to indicate the
glove material is protective for NMP, corresponding to a protection factor of 1. EPA assesses a central
tendency scenario assuming the use of gloves with minimal to no employee training, due to the
widespread nature of this occupational exposure scenario, corresponding to a protection factor of 5.

Table 2-55. Summary of Parameters for Worker Dermal Exposure During Fertilizer Application
Skin
NMP Body
Work Parameter GIOV? Weight SR =Rl Weight
Activit Characterization ATIEEN Fraction AT DU a
y Factor(s) Exposed 2
Unitless cm? hr/day kg
Manual spray 445 (f)
of boom Central Tendency 5 0.001 535 (m) 4 74(f)
application of — 890 () 88 (m)
fertilizers High-Eng . 00711 070 (m) 8

2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs
EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the

characterizations listed in Table 2-56.

The numeric parameters corresponding to the characterizations presented in Table 2-56 are summarized
in Table 2-57. These are the inputs used in the PBPK model.
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Table 2-56. Characterization of PBPK Model Input Parameters for Fertilizer Application

Air Skin .
. Work Concentration Exposure | Surface UL Welght
Scenario - . Gloves Fraction
Activity Data Duration Area S
. Characterization
Characterization Exposed
Manual Central tendency Calculated
Central spray or (unknown 4-hr TWA
pray S from the 8- | 1-hand Yes | Central Tendency
Tendency boom statistical
L L hr TWA
application | characterization) q
ata
rayor | (unknown | BESEdon
High-end pray - 8-hr TWA | 2-hand No High-end
boom statistical
S L data
application | characterization)
Table 2-57. PBPK Model Input Parameters for Fertilizer Application
Duratlon-B_ased Exposure Skin Surface Gloves NMP Body
. NMP Air . Area : . :
Scenario . Duration Protection Weight Weight
Concentration (hr) Exposed Factor Eraction (kg) @
(mg/m?3) (cm?) ab J
Central 445 (f) 74 (f)
Tendency 5.94 4 535 (m) > 0.001 88 (m)
_— 890 (f) 74 (f)
High-end 5.27 8 1,070 (m) 1 0.07 88 (m)

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.

Summary

In summary, dermal and inhalation exposures are expected for this use. EPA has not identified
additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to 0.1 to 7% NMP, based on data from public comments and literature,
which have data quality ratings of high. EPA assessed occupational inhalation exposure during fertilizer
application using a modeled inhalation exposure concentration value, which is in the middle of the
approach hierarchy, from RIVM (2013). This data has a data quality rating of high.
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Primary Limitations

EPA did not find exposure duration data and assumed a high-end of 8 hours based on the length of a full
shift and a central tendency of 4 hours based on the mid-range of a shift. The representativeness of the
assumed estimates of duration of inhalation and dermal exposure toward the true distribution of duration
for all worker activities in this occupational exposure scenario is uncertain. Skin surface areas for actual
dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational exposure
scenario and assumed glove usage with minimal to no employee training or no glove usage due to the
commercial nature of this use. The assumed glove protection factor values are uncertain. The modeled
inhalation exposure concentration was obtained from RIVM (2013) and not generated by EPA. The
representativeness of the modeled exposure toward the true distribution of inhalation concentrations for
this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.15Wood Preservatives

This scenario includes the use of wood preservatives containing NMP. For this commercial exposure
scenario, EPA assessed inhalation, vapor-through-skin, and dermal exposures to NMP during brush
application of these wood preservatives. EPA does not expect other application methods because the
identified wood preservative production containing NMP is a paste.

Based on the process description, EPA expects that workers apply the paste wood preservative directly
from its container using a scraper. EPA does not expect unloading activities or the use of equipment
requiring maintenance or cleaning. EPA expects the actual application of wood preservatives presents
the largest range of potential exposures.

Inhalation and Vapor-through-Skin

EPA compiled air concentration monitoring data and modeled data for NMP-based wood preservative
application from published literature sources. Due to limited relevance and quality of monitoring data
and modeling estimates for solvents used in the application of wood preservatives found in the published
literature, EPA used modeling estimates with the highest data quality for this use.

The modeled exposure from brush application is summarized into the input parameters used for the
PBPK modeling in Table 2-58. EPA did not find data on short-term exposures for this life cycle stage.
The supplemental document Risk Evaluation for N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-)
(NMP), Supplemental Information on Occupational Exposure Assessment (U.S. EPA, 2019r) provides
additional details.
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Table 2-58. Summary of Parameters for Wood Preservatives

Full-Shift NMP Duration-Based

Work P t Air NMP Air Data

or arameter Concentration Concentration Source | Quality
Activity Characterization = :
(mg/m?, 8-hr (mg/m?) Rating
TWA) g
Brush : . (RIVM :
Application Single Estimate 4.13 No data 2013) High
Dermal

Table 2-59 summarizes the parameters used to assess dermal exposure during the use of wood

preservatives containing NMP. Most of these parameters were determined based on assumptions
described in Section 2.4.1.1. EPA used data from the Use and Market Profile for N-Methylpyrrolidone
(Abt, 2017) to determine the NMP weight fraction. Because this scenario covers a variety of commercial
and industrial sites, EPA assumes that either no gloves are used or, if gloves are used, there is no
permeation data to indicate the glove material is protective for NMP, corresponding to a protection
factor of 1. EPA assesses a central tendency scenario assuming the use of gloves with minimal to no
employee training, corresponding to a protection factor of 5.

Table 2-59. Summary of Parameters for Worker Dermal Exposure to Wood Preservatives

Skin
NMP Body
Work Parameter GIOV? Weight Sl Exposyre Weight
Activit Characterization OB Fraction A DR a
y Factor(s) Exposed @
Unitless cm? hr/day kg
445 (f)
Brush Central Tendency 5 0.01 535 (m) 4 74.(f)
Application _— 890 (1) 88 (m)
High-End 1 0.01 1,070 (m) 8

2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

PBPK Inputs

EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
characterizations listed in Table 2-60. The numeric parameters corresponding to the characterizations
presented in Table 2-60 are summarized in Table 2-61. These are the inputs used in the PBPK model.
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Table 2-60. Characterization of PBPK Model Input Parameters for Wood Preservatives

Air SKin i
. Work Concentration Exposure | Surface Shal V\/_mght
Scenario .. . Gloves Fraction
Activity Data Duration Area =
.. Characterization
Characterization Exposed
Single data point
Central Brush . . Assumed available and used
Tendency | application Single Estimate 4 hours 1-hand < for both exposure
scenarios
Single data point
High-end BTUS*! Single Estimate Assumed 2-hand No available and used
application 8 hours for both exposure
scenarios
Table 2-61. PBPK Model Input Parameters for Wood Preservatives
Duratlon-B_ased Exposure Skin Surface Gloves NMP Body
. NMP Air . Area : . .
Scenario . Duration Protection Weight Weight
Concentration (hr) Exposed Factor Eraction (kg) @
(mg/m?3) (cm?) ab J
Central 445 (f) 74 ()
Tendency 8.26 4 535 (m) > 0.01 88 (m)
— 890 (f) 74 ()
High-end 4.13 8 1,070 (m) 1 0.01 88 (m)
2 EPA assessed these exposure factors for both females and males. VValues associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed of 0.1 cm?for ONUs for each scenario. However, EPA did not assess glove
usage (protection factor = 1) for ONUs.

Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

EPA assessed dermal exposure to 1% NMP, based on one wood preservative product identified in the
Use and Market Profile for N-Methylpyrrolidone (Abt, 2017). EPA assessed occupational inhalation
exposure during wood preservative application using a modeled inhalation exposure concentration
value, which is in the middle of the approach hierarchy, from RIVM (2013). This data has a data quality
rating of high.
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Primary Limitations

EPA did not find exposure duration data and assumed a high-end of 8 hours based on the length of a full
shift and a central tendency of 4 hours based on the mid-range of a shift. The representativeness of the
assumed estimates of duration of inhalation and dermal exposure toward the true distribution of duration
for all worker activities in this occupational exposure scenario is uncertain. Skin surface areas for actual
dermal contact are uncertain. EPA did not find data on the use of gloves for this occupational exposure
scenario and assumed glove usage with minimal to no employee training or no glove usage due to the
commercial nature of this use. The assumed glove protection factor values are uncertain. The modeled
inhalation exposure concentration was obtained from RIVM (2013) and not generated by EPA. The
representativeness of the modeled exposure toward the true distribution of inhalation concentrations for
this occupational exposure scenario is uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

2.4.1.2.16 Recycling and Disposal

For this industrial and commercial exposure scenario, EPA assessed inhalation, vapor-through-skin, and
dermal exposures from the unloading of various containers (i.e., drums, tank trucks, rail cars) containing
waste NMP. While EPA does expect that workers may perform additional activities during this scenario,
such as sampling or maintenance work, EPA expects that unloading activities present the largest range
of potential exposures.

Inhalation and Vapor-through-Skin

EPA did not find monitoring data on the handling of NMP wastes at disposal and recycling sites. EPA
therefore compiled the same monitoring and modeled exposure concentration data for this life cycle
stage as that for manufacturing. As described for Manufacturing in Section 2.4.1.2.1, due to limited
relevance and quality of monitoring data and modeling estimates found in the published literature, EPA
used modeling estimates with the highest data quality for this use, as further described below. The Tank
Truck and Railcar Loading and Unloading Release and Inhalation Exposure Model involves
deterministic modeling and the Drum Loading and Unloading Release and Inhalation Exposure Model
involves probabilistic modeling.

The inhalation exposure concentrations modeled by EPA for unloading of NMP are summarized into the
input parameters used for the PBPK modeling in Table 2-62. The modeled exposure concentrations are
the same as those for Manufacturing and Repackaging; however, the exposure durations are different
because they are based on the NMP volume unloaded for the exposure scenario. Note that the exposure
duration for the central tendency and high-end exposure scenarios are the same for unloading drums
because the unloading rate does not vary in that model. The supplemental document Risk Evaluation for
N-Methylpyrrolidone (2-Pyrrolidinone, 1 Methyl-) (NMP), Supplemental Information on Occupational
Exposure Assessment (U.S. EPA, 2019r) provides additional details.
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Table 2-62. Summary of Parameters for PBPK Modeling of Worker Inhalation Exposure During
Recycling and Disposal

Duration-
Work P i Full-Shift NMP Air | Based NMP Data
A tc')r't ch ara}[mg e:_ Concentration Air Source Quality
ctivity aracterization Concentration Rating
(mg/m3, 8-hr TWA) (mg/m3)
Tank Truck
_ and Railcar
Centthral tendency 0.048 0.7610 (duration | | pading and
Unloading (50™ percentile) =0.5hr) Unloading
Not
bulk Release and aoolicable?
containers Inhalation PP
High-end (95% 1.52 (duration | Exposure
percentile) 0.190 =1hr) Model (U.S.
EPA, 2013a)
Drum
Central tendency 0.124 1.65 (duration | Loading and
_ (50" percentile) ' =0.603 hr) Unloading
Unloading Release and Not
drums Inhalation | applicable?
High-end (95" 5.85 (duration | EXposure
percentile) 0.441 =0.603 hr) | Model (U.S.
EPA, 2013a)

2 EPA models are standard sources used by EPA for occupational exposure assessments. EPA did not systematically review
models that were developed by EPA.

Dermal

Table 2-63 summarizes the parameters used to assess dermal exposure during worker handling of wastes
containing NMP. Most parameters were determined based on assumptions described in Section 2.4.1.1.
The data submitted by SIA for the use of NMP in the production of semiconductors (discussed in
Section 2.4.1.2.8) include one inhalation monitoring data point for the loading of trucks with waste
NMP. This data point indicates that NMP is 92% in the handled waste material (SIA, 2019). EPA uses
this concentration for the central tendency NMP weight fraction. Due to lack of additional information
on the concentration of NMP in waste solvents, for the high-end value, EPA assumes that waste NMP
may contain very little impurities and be up to 100 weight percent NMP (e.qg., residues of pure NMP in
shipping containers that have been unloaded and sent without cleaning for reclamation or disposal). For
this scenario, EPA assesses both high-end and central tendency scenarios assuming the use of gloves
with basic employee training, corresponding to a protection factor of 10.
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2791  Table 2-63. Summary of Parameters for Worker Dermal Exposure During Recycling and Disposal
Glove NMP SS E‘I;ce Exposure Biie
Work Parameter : Weight Ar D e tion Weight
Activity Characterization | TOlCUON | Fraction e Hrato é
Factor(s) Exposed @
Unitless cm? hr/day kg
Unloading Central Tendency 10 0.92 445 (1) 4
bulk 535 (m) 74 (f)
containers;
Unloading High-end 10 1 1%%% ((fr)n) 8 88 (m)
drums ’
2792  *EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
2793  values associated with males are denoted with (m).
2794
2795  PBPK Inputs
2796  EPA assessed PBPK parameters for central tendency and high-end exposure scenarios based on the
2797  characterizations listed in Table 2-64. The numeric parameters corresponding to the characterizations
2798  presented in Table 2-64 are summarized in
2799  Table 2-65. These are the inputs used in the PBPK model.
2800
2801 Table 2-64. Characterization of PBPK Model Input Parameters for Recycle and Disposal
Air Skin .
. Work Concentration Exposure | Surface A V\/_elght
Scenario - . Gloves Fraction
Activity Data Duration Area .
- Characterization
Characterization Exposed
Unloading Duration
Central bulk Centthral tende_ncy calculated | 1-hand Yes Central tendency
Tendency . (50™ percentile)
containers by model
. . Duration
d th
High-end Ljleadig High end_(95 calculated | 2-hand Yes High-end
drums percentile)
by model
2802
2803  Table 2-65. PBPK Model Input Parameters for Recycle and Disposal
Duratlon-B_ased Exposure Skin Surface Gloves NMP Body
. NMP Air . Area ; . :
Scenario C . Duration Protection Weight Weight
oncentration (hr) Exposed Factor Eraction (kg) 2
(mg/md) (cm?) ab g
Central 445 (f) 74 (f)
Tendency 0.760 0.5 535 (m) 10 0.92 88 (m)
_— 890 (f) 74 (f)
High-end 5.85 0.603 1,070 (m) 10 1 88 (m)
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).
b EPA assessed a skin surface area exposed to liquid NMP of 0.1 cm?for ONUs for each scenario. However, EPA did not
assess glove usage (protection factor = 1) for ONUs.
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Summary
In summary, dermal and inhalation exposures are expected for this use. EPA has not identified

additional uncertainties for this use beyond those included in Section 2.4.1.4. EPA identified primary
strengths and limitations and assigned an overall confidence to the occupational exposure scenario
inputs to the PBPK model, as discussed below. EPA considered the assessment approach, the quality of
the data, and uncertainties to determine the level of confidence. Note that the effects of the limitations
on this assessment are discussed in Section 2.4.1.4.

Primary Strengths

Modeling, in the middle of the approach hierarchy, was used to estimate occupational inhalation
exposure concentrations for both the unloading of NMP from bulk containers and from drums. For
modeling of these air concentrations, EPA attempted to address variability in input parameters by
estimating both central tendency and high-end parameter values. Additionally, for modeling of air
concentrations during the unloading of drums, EPA used Monte Carlo simulation to capture variability
in input parameters. EPA expects the duration of inhalation and dermal exposure to be realistic for the
unloading activities, as the durations are based on the length of time to unload NMP from specific
container sizes (i.e., tank trucks, rail cars, and drums).

Primary Limitations

The representativeness of the estimates of duration of inhalation and dermal exposure for the unloading
activities toward the true distribution of duration for all worker activities in this occupational exposure
scenario is uncertain. EPA did not find NMP concentration data and assumed waste NMP may contain
very little impurities and be up to 100% NMP. Skin surface areas for actual dermal contact are
uncertain. EPA did not find data on the use of gloves for this occupational exposure scenario and
assumed glove usage with basic employee training is likely based on professional judgment. The
assumed glove protection factor values are uncertain. For the modeling of NMP air concentrations, EPA
is uncertain of the accuracy of the emission factors used to estimate fugitive NMP emissions and thereby
estimate worker inhalation exposure concentration. The representativeness of the modeling results
toward the true distribution of inhalation concentrations for this occupational exposure scenario is
uncertain.

Overall Confidence
Considering the overall strengths and limitations, the overall confidence of the PBPK input parameters
for this occupational exposure scenario is medium.

24.1.3  Summary of Occupational Exposure Assessment
Table 2-66 shows the occupational dermal and inhalation exposure parameters used in the PBPK
modeling for this assessment. The skin surface area and body weight dermal parameters were specific to
PESS of interest: males, pregnant women, and women of childbearing age who may become pregnant.
For each Occupational Exposure Scenario, a central scenario and a higher-end scenario are provided.
Table 2-67 shows the results of the PBPK modeling.

For high-end scenarios where glove use was assumed and MOEs were above the benchmark MOE, EPA
conducted additional modeling of exposures for no glove use to determine whether lack of glove use
could result in MOEs below the benchmark MOE. The results of this additional modeling are shown in
Section 4.2.2.
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Table 2-66. Parameter Inputs to PBPK for Central and High-End Scenarios by Use

Surf
Area Duration-
Weight |exposed |Exposure |based Air| Gloves
Scenario Fraction in (to liquid| duration | Conc |Protection
Use Scenario | Characterization Sub-scenario  |[formulation| (cm?) 2 (hr) (mg/m3) | Factor
Central tendency | BUlk container 1 4500 | g5 0.76 10
. loading 535 (m)
Section 2.4.1:2.1 890 ()
Manufacturing | jign.end Drum loading 1 1070 | 206 | 585 10
(m)
Central tendency Bulk container 1 445 (f) 0.5 0.76 10
Section 2.4.1.2.2 unloading 535 (m)
Repackaging . . 890 (f)
High-end Drum unloading 1 1,070 2.06 5.85 10
(m)
Secg?,gri}i;'z'e’ Central tendency | Drum unloading 1 ;';55 ((r];)) 0.36 1.65 10
Processing, 890 (f)
Excluding High-end Drum unloading 1 1,070 0.36 5.85 10
Formulation (m)
Slectlon 2'4'1.'2'4 Central tendency Drum unloading 1 D 0.36 1.65 10
ncorporation 535 (m)
into
Formulation, Maintenance, 890 (f)
Mixture, or High-end bottling, shipping, 1 1,070 8 12.8 10
Reaction loading (m)
Product
— 445 (f)
Central tendency | Spray application 0.6 535 (m) 4 0.53 5
890 (f)
High-end Spray application 0.9 1,070 8 451 1
(m)
Central tendency | Dip application 0.6 ;;55 (M) 4 1.98 5
Section 2.4.1.2.5 (m)
Metal Finishing . . " 890 (f)
High-end Dip application 0.9 1,070 8 2.75 1
(m%f)
- 445
Central tendency | Brush application 0.6 535 (m) 4 8.26 5
890 (f)
High-end Brush application 0.9 1,070 8 4.13 1
(m)
Miscellaneous 445 (f)
Section 2.4.1.2.6 Central tendency removal 0.305 535 (m) 1 13.2 5
Removal of . 890 (f
Paints, High-end Miscellaneous 0.695 1,07(0) 8 64 1
. removal
Coatings, (m)
Adggsall\;e;]stsnd Central tendency | Graffiti removal 0.5 ;';55 ((r;)) 4 2.02 5
High-end Graffiti removal 0.613 890 (f) 8 4.52 1
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Surf
Area Duration-
Weight |exposed |[Exposure|based Air| Gloves
Scenario Fraction in |to liquid| duration| Conc |Protection
Use Scenario | Characterization Sub-scenario  |formulation| (cm?) 2 (hr) (mg/m® | Factor
1,070
(m)
— 445 (f)
Central tendency | Spray application 0.02 535 (m) 4 0.53 5
890 (f)
High-end Spray application 0.534 1,070 8 451 1
(m)
Roll/curtain 445 (f)
Central tendency application 0.02 535 (m) 4 0.06 5
Section 2.4.1.2.7 . 890 (f)
Application of | High-end Rollicurtain 0534 | 1070 | 8 0.19 1
. application
Paints, (m)
Coatings, . L 445 (f)
Adhesives and Central tendency Dip application 0.02 535 (m) 4 1.98 5
Sealants 890 (1)
High-end Dip application 0.534 1,070 8 2.75 1
(m)
L 445 (f)
Central tendency | Brush application 0.02 535 (m) 4 8.26 5
890 (f)
High-end Brush application 0.534 1,070 8 4.13 1
(m)
Container handling, 445 (1)
Central tendency small containers 0.60 535 (m) 6 1.01 10
. . 890 (f) 10
High-end | Containerhandling,| o200 | 7079 | 1o 0.608
small containers (m)
Container handling, 445 (f) 10
Central tendency drums 0.5 535 (m) 6 0.026
. . 890 (f) 10
High-eng  |COMainer handling, | 7 1,070 12 1.54
drums
(m)
445 (f) 10
Section 2.4.1.2.8 Central tendency Fab worker 0.15 535 (m) 6 0.276
Electronic Parts 890 (f) 10
Manufacturing High-end Fab worker 0.999 1,070 12 0.405
(m)
. 445 (f) 10
Central tendency Maintenance 0.55 535 (m) 6 0.040
890 (f) 10
High-end Maintenance 1 1,070 12 0.690
(m)
Virgin NMP truck 445 (f) 10
Central tendency unloading 1 535 (m) 4 9.56
_ 890 (f) 10
High-end | VIr9in NMP truck 1 1070 | 8 4.78
unloading (m)
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Surf
Area Duration-
Weight |exposed |[Exposure|based Air| Gloves
Scenario Fraction in |to liquid| duration| Conc |Protection
Use Scenario | Characterization Sub-scenario  |formulation| (cm?) 2 (hr) (mg/m® | Factor
. 445 (f) 10
Central tendency |Waste truck loading 0.92 535 (m) 4 1.42
890 (f) 10
High-end Waste truck loading 0.95 1,070 8 0.709
(m)
L 445 (f)
Central tendency Printing 0.05 535 (m) 4 0.016 5
Section 2.4.1.2.9 890 (f)
Printing and High-end Printing 0.07 1,070 8 0.172 1
Writing (m)
Central tendency Writing 0.1 1 0.5 0 5
High-end Writing 0.2 1 0.5 0 1
. 445 (f)
Section Central tendency Soldering 0.01 535 (m) 4 0 5
2.4.1.2.10 890 (f)
Soldering High-end Soldering 0.025 1,070 8 0 1
(m)
Section . 445 (f)
241911 Central tendency | Aerosol Degreasing 0.025 535 (m) 1 19.96 5
Commercial 890 (1)
Automotive High-end Aerosol Degreasing 0.33 1,070 8 43.4 1
Servicing (m)
445 (f)
Section Central tendency Laboratory use 1 535 (m) 2 0.200 10
241212 890 (f)
Laboratory Use High-end Laboratory use 1 1,070 8 4.13 10
(m)
. . 445 (f)
Central tendency Dip Cleaning 0.845 535 (m) 4 1.98 5
890 (f)
Section High-end Dip Cleaning 0.999 1,070 8 2.75 1
24.1.7%Q Spray / Wipe 4z$,r5n%f)
Cleaning Central tendency Cleaning 0.313 535 (m) 4 2.02 5
. 890 (f)
High-end Spray / Wipe 0989 | 1070 | 8 3.38 1
Cleaning
(m)
. Manual spray or 445 (1)
Section Central tendency boom application 0.001 535 (m) 4 5.94 5
24.1.2.14 890 ()
Fertilizer . Manual spray or
Application High-end boom application 0.07 1(’?n7)0 8 5.27 !
. Lo 445 (f)
Section Central tendency | Brush application 0.01 4 8.26 5
535 (m)
2.4.1.2.15
Wood . .. 890 (f)
Preservatives High-end Brush application 0.01 1(,217)0 8 4.13 1
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Surf
Area Duration-
Weight |exposed |[Exposure|based Air| Gloves
Scenario Fraction in |to liquid| duration| Conc |Protection
Use Scenario | Characterization Sub-scenario  |formulation| (cm?) 2 (hr) (mg/m® | Factor
Section Central tendency Bulk container 0.92 445 (f) 0.5 0.760 10
unloading 535 (m)
2.4.1.2.16 890 (f)
RechcImg and High-end Drum unloading 1 1,070 0.603 5.85 10
isposal (m)

Note: The prevalence of respirator use is not known but may be unlikely for most scenarios. Some "what-if" scenarios were
generated assuming the use of APF 10 respirators. These scenarios are shown in Section 4.2.2.
2 EPA assessed these exposure factors for both females and males. Values associated with females are denoted with (f) and
values associated with males are denoted with (m).

Table 2-67. PBPK Exposure Results for Central and High-End Worker and ONU Scenarios by

Use
Acute
Exposure, | Chronic
Peak blood |Exposure,
concentration| AUC (hr
Scenario (mg/L) mg/L) |Chronic Exposure, AUC (hr
Use Scenario | Characterization Sub-scenario (female) (male) mg/L) (ONU)
Section 2.4.1.2.1| Central tendency B“'rogg?rf;"“er 0.42 0.86 0.011
Manufacturing High-end Drum loading 2.14 7.4 0.31
Section 2.4.1.2.2 | Central tendency B“'klcogt.a'”er 0.42 0.86 0.011
Repackaging - un‘oading.
High-end Drum unloading 2.14 7.4 0.31
Section 2.4.1.2.3 )
Chemical Central tendency | Drum unloading 0.35 0.63 0.016
Processing,
Excluding High-end Drum unloading 0.72 1.3 0.055
Formulation
Section 2.4.1.2.4
Incor_pct)ratlon Central tendency | Drum unloading 0.35 0.63 0.016
into
Formulation,
Mixture, or Maintenance,
Reaction High-end bottling, shipping, 4.39 30.9 2.63
Product loading
Central tendency | Spray application 1.83 8.3 0.053
High-end Spray application 46.3 347 0.94
Section 2.4.1.2.5| Central tendency Dip application 1.87 8.5 0.20
Metal Finishing High-end Dip application 46.2 346 0.58
Central tendency | Brush application 2.01 9.1 0.81
High-end Brush application 46.3 347 0.86
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Acute
Exposure, | Chronic
Peak blood |Exposure,
concentration| AUC (hr
Scenario (mg/L) mg/L) |Chronic Exposure, AUC (hr
Use Scenario | Characterization Sub-scenario (female) (male) mg/L) (ONU)
Section 2.4.1.2.6 Central tendency Miscellaneous 051 14 0.32
Removal of removal
Palr_1ts, High-end Miscellaneous 365 268 13
Coatings, removal
Adhesives and | Central tendency | Graffiti removal 1.56 7.1 0.20
Sealants High-end Graffiti removal 29.2 212 0.93
Central tendency | Spray application 0.07 0.32 0.052
High-end Spray application 24.9 179.6 0.93
Section 24.L2.71 coniral tendency | <01/ Curtain 0.06 0.28 0.0059
Application of application
Paints, High-end Rollfcurtain 24.7 178.4 0.052
Coatings, application
Adhesives and | Central tendency Dip application 0.10 0.47 0.19
Sealants High-end Dip application 24.8 179.1 0.57
Central tendency | Brush application 0.25 1.08 0.81
High-end Brush application 24.8 179.5 0.85
Central tendency Container har)dllng, 1.1 6.31 0.15
small containers
High-eng | Comainer handling, 4 5 31.8 0.21
small containers
Central tendency Container handling, 0.86 5.13 0.0043
drums
Higheng | CoMamer handling, | 5, 32.1 050
E?Ctlt?nnzi.éli:’llzrfg Central tendency Fab worker 0.26 1.57 0.041
Me;nu?aciur?n S High-end Fab worker 4.5 42.8 0.16
9 [ Central tendency Maintenance 0.95 5.65 0.0064
High-end Maintenance 4.5 42.9 0.25
Central tendency Vg NM.P truck 1.7 7.83 0.94
unloading
High-end | VIGINNMPtruck |, 29.2 0.99
unloading
Central tendency |Waste truck loading 1.4 6.45 0.14
High-end Waste truck loading 3.7 26.0 0.17
. Central tendency Printing 0.15 0.68 0.0017
Se;::ﬂ?i 5'4;]'5'9 High-end Printing 28 195 0.037
Wri t?n g Central tendency Writing 0.00019 0.00032 0.000032
High-end Writing 0.0019 0.0032 0.00032
Section Central tendency Soldering 0.03 0.14 0.000025
2.4.1.2.10 . .
Soldering High-end Soldering 0.97 6.8 0.00063
Section .
241911 Central tendency | Aerosol Degreasing 0.21 0.6 0.49
Commercial High-end Aerosol Degreasing 15.9 113 8.91
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Acute
Exposure, | Chronic
Peak blood |Exposure,
concentration| AUC (hr
Scenario (mg/L) mg/L) |Chronic Exposure, AUC (hr
Use Scenario | Characterization Sub-scenario (female) (male) mg/L) (ONU)
Automotive
Servicing
Section Central tendency Laboratory use 1.0 3.4 0.010
2.41.2.12 .
Laboratory Use High-end Laboratory use 4.1 29 0.81
Central tendency Dip Cleaning 2.62 12 0.20
. High-end Dip Cleaning 52.6 399 0.58
Section Spray / Wipe
2.41.2.13 | Central tendency pray 7 Wip 0.99 45 0.20
; Cleaning
Cleaning Spray / Wipe
High-end pray 7 Wip 52.0 393 0.71
Cleaning
Section Manual spray or
241214 Central tendency boom application 0.14 0.60 0.58
Fertilizer . Manual spray or
Application High-end boom application 29 20.6 11
Section -
24.1.2.15 Central tendency | Brush application 0.22 0.95 0.81
Wood - AW
Preservatives High-end Brush application 0.51 3.5 0.84
Section Bulk container
241216 Central tendency unloading 0.38 0.79 0.011
Recycling and . .
Disposal High-end Drum unloading 0.96 2.14 0.091
2.4.1.4  Summary of Uncertainties for Occupational Exposure Parameters

Key uncertainties in the occupational exposure parameters are summarized below. Most parameters are
related specifically to the route of dermal contact with liquids by workers, while air concentrations are
related to the routes of inhalation and vapor-through-skin exposure. The body weight parameter is
related to all of these routes. The assumed values for human body weight have relatively lower
uncertainties, and the median values used may underestimate exposures at the high-end of PBPK

exposure results.

Dermal Exposure Parameters

The dermal exposure parameters used in this assessment have uncertainties because many parameters
lack data and were therefore based on assumptions. The assumed parameter values with the greatest
uncertainties are glove use and effectiveness (using protection factors based on the ECETOC TRA
model that are what-if type values as described in Section 2.4.1.1), durations of contact with liquid, and
skin surface areas for contact with liquids. The assumed values for effectiveness, durations of contact,

and surface areas for contact may or may not be representative of actual values. The assumed values for
NMP concentrations in formulations have relatively lower uncertainties. The midpoints of some ranges
serve as substitutes for 50th percentiles of the actual distributions and high ends of ranges serve as
substitutes for 95th percentiles of the actual distributions. However, these substitutes are uncertain and
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are weak substitutes for the ideal percentile values. Generally, EPA cannot determine whether most of
these assumptions may overestimate or underestimate exposures. However, high-end duration of dermal
contact estimates of 8 hours may be more likely to overestimate exposure potential to some extent, and
some activity-based durations may be more likely to underestimate exposure potential to some extent.
For many OESs, the high-end surface area assumption of contact over the full area of two hands likely
overestimates exposures. Occupational non-users (ONUs) may have direct contact with NMP-based
liquid products due to incidental exposure at shared work areas with workers who directly work with
NMP, and the estimate of zero surface area contact may underestimate their exposure. The parameter
values NMP concentrations are from available data and are likely to have a relatively low impact on the
magnitude (less than an order of magnitude, or factor of 10) of overestimation or underestimation of
exposure. The impact of vapors being trapped next to the skin during glove use is also uncertain.

Inhalation and Vapor-through-Skin Exposure Parameters

Where monitoring data are available, limitations of the data also introduce uncertainties into the
exposures. The principal limitation of the air concentration data is the uncertainty in the
representativeness of the data. EPA identified a limited number of exposure studies and data sets that
provided data for facilities or job sites where NMP was used. Some of these studies primarily focused on
single sites. This small sample pool introduces uncertainty as it is unclear how representative the data
for a specific end use are for all sites and all workers across the US. Differences in work practices and
engineering controls across sites can introduce variability and limit the representativeness of any one site
relative to all sites. Age of the monitoring data can also introduce uncertainty due to differences in work
practices and equipment used at the time the monitoring data were taken and those used currently, so the
use of older data may over- or underestimate exposures. Additionally, some data sources may be
inherently biased. For example, bias may be present if exposure monitoring was conducted to address
concerns regarding adverse human health effects reported following exposures during use. The effects of
these uncertainties on the occupational exposure assessment are unknown, as the uncertainties may
result in either over or underestimation of exposures depending on the actual distribution of inhalation
exposure concentrations and the variability of work practices among different sites.

The impact of these uncertainties precluded EPA from describing actual parameter distributions. In most
scenarios where data were available, EPA did not find enough data to determine complete statistical
distributions. ldeally, EPA would like to know 50th and 95th percentiles for each exposed population. In
the absence of percentile data for monitoring, the means or midpoint of the range serve as substitutes for
50th percentiles of the actual distributions and high ends of ranges serve as substitutes for 95th
percentiles of the actual distributions. However, these substitutes are uncertain and are weak substitutes
for the ideal percentile values. The effects of these substitutes on the occupational exposure assessment
are unknown, as the substitutes may result in either over or underestimation of exposures depending on
the actual distribution.

Where data were not available, the modeling approaches used to estimate air concentrations also have
uncertainties. Parameter values used in models did not all have distributions known to represent the
modeled scenario. It is also uncertain whether the model equations generate results that represent actual
workplace air concentrations. Some activity-based modeling does not account for exposures from other
activities, which may result in underestimates of exposures. When EPA does not have ONU-specific
exposure data, EPA’s assumption that 50th percentile air concentrations predicted for workers in these
activities are a good approximation of exposure is uncertain. It is not known whether this assumption
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underestimates or overestimates exposure for ONUs. Additional model-specific uncertainties are
included below. In general, unless specified otherwise, the effects of the below model-specific
uncertainties on the exposure estimates are unknown, as the uncertainties may result in either over or
underestimation on exposures depending on the actual distributions of each of the model input
parameters.

Tank Truck and Railcar Loading and Unloading Release and Inhalation Exposure Model

For manufacturing; repackaging; and recycling and disposal, the Tank Truck and Railcar Loading and
Unloading Release and Inhalation Exposure Model was used to estimate the airborne concentration
associated with generic chemical loading scenarios at industrial facilities. Specific uncertainties
associated with this model are described below:

e After each loading event, the model assumes saturated air containing NMP that remains in the
transfer hose and/or loading arm is released to air. The model calculates the quantity of saturated
air using design dimensions of loading systems published in the OPW Engineered Systems
catalog and engineering professional judgment. These dimensions may not be representative of
the whole range of loading equipment used at industrial facilities handling NMP.

e The model estimates fugitive emissions from equipment leaks using total organic compound
emission factors from EPA’s Protocol for Equipment Leak Emission Estimates (U.S. EPA
1995), and professional judgment on the likely equipment type used for transfer (e.g. number of
valves, seals, lines, and connections). The applicability of these emission factors to NMP, and
the accuracy of EPA’s assumption on equipment type are not known.

Drum Loading and Unloading Release and Inhalation Exposure Model

For chemical processing, excluding formulation and incorporation into formulation, mixture, or reaction
product, the Drum Loading and Unloading Release and Inhalation Exposure Model was used to
estimate the airborne concentration associated with generic chemical loading scenarios at industrial
facilities. Specific uncertainties associated with this model are described below:

e The model estimates fugitive emissions using the EPA/OAQPS AP-42 Loading Model. The
applicability of the emission factors used in this model to NMP is not known.

e EPA assigned statistical distributions based on available literature data or professional judgment
to address the variability in Ventilation Rate (Q), Mixing Factor (k), Vapor Saturation Factor (f),
and Exposed Working Years per Lifetime (WY). The selected distributions may vary from the
actual distributions.

Model for Occupational Exposures during Aerosol Degreasing of Automotive Brakes

The aerosol degreasing assessment uses a near-field/far-field approach (uncertainties on this approach
are presented below) to model worker exposure. Specific uncertainties associated with the aerosol
degreasing scenario are presented below:

e The model references a CARB study (CARB, 2000) on brake servicing to estimate use rate and
application frequency of the degreasing product. The brake servicing scenario may not be
representative of the use rates for other aerosol degreasing applications involving NMP;

e Aerosol formulations were taken from available safety data sheets, and some were provided as
ranges. For each Monte Carlo iteration the model selects an NMP concentration within the range
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of concentrations using a uniform distribution. In reality, the NMP concentration in the
formulation may be more consistent than the range provided.

Near-Field/Far-Field Model Framework

The near-field/far-field approach is used as a framework to model inhalation exposure for aerosol
degreasing. The following describe uncertainties and simplifying assumptions generally associated with
this modeling approach:

e There is some degree of uncertainty associated with each model input parameter. In general, the
model inputs were determined based on review of available literature. Where the distribution of
the input parameter is known, a distribution is assigned to capture uncertainty in the Monte Carlo
analysis. Where the distribution is unknown, a uniform distribution is often used. The use of a
uniform distribution will capture the low-end and high-end values but may not accurately reflect
actual distribution of the input parameters.

e The model assumes the near-field and far-field are well mixed, such that each zone can be
approximated by a single, average concentration.

e All emissions from the facility are assumed to enter the near-field. This assumption will
overestimate exposures and risks in facilities where some emissions do not enter the airspaces
relevant to worker exposure modeling.

e The exposure models estimate airborne concentrations. Exposures are calculated by assuming
workers spend the entire activity duration in their respective exposure zones (i.e., the worker in
the near-field and the occupational non-user in the far-field). A worker may walk away from the
near-field during part of the process. As such, assuming the worker is exposed at the near-field
concentration for the entire activity duration may overestimate exposure.

e The exposure models represent model workplace settings for NMP used in aerosol degreasing of
automotive brakes. The model has not been regressed or fitted with monitoring data.

2.4.2 Consumer Exposures
NMP is found in consumer products that are available for purchase at retail stores or via the internet
(Abt, 2017). Use of these products can result in consumer exposures. As presented in the previous 2015
EPA NMP Paint Remover Risk Assessment, women of child-bearing age and pregnant women are the
populations identified as at risk due to the hazards of NMP and exposures. That is, the hazard endpoint,
identified in the Paint Remover Risk Assessment and confirmed in this Risk Evaluation affects the fetus,
and could present a risk to women of child-bearing age or pregnant women (see Section 3.2 and (U.S.
EPA, 2015)).

24.2.1 Consumer Exposures Approach and Methodology
EPA selected currently available NMP-containing consumer products for exposure analysis that had
uses covered under the Toxic Substances Control Act (see Table 2-68). EPA recognizes that there are
numerous other products containing NMP which are not subject to TSCA, as noted in the NMP Problem
Formulation. For example, NMP is found in cosmetics and pharmaceutical manufacture which are
regulated by the Food and Drug Administration and in pesticides (as an inert ingredient) regulated by
EPA but under the Federal Insecticide Fungicide and Rodenticide Act. EPA also confirmed in the NMP
Market Profile previous uses of NMP-containing products that are no longer in use such as a component
of the inner layer of aluminum aerosol or spray cans used for hairspray or air fresheners and which are
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not based in EPA’s professional judgement a reasonably foreseen use (EPA-HQ-OPPT-2016-0743-
0070) (Abt, 2017).

Table 2-68. Conditions of Use for Consumer Products Containing NMP

Range of Product
NMP Weight

Consumer Conditions of Use | Form | No. of Products Identified 2| Fractions® (%)
Sealants Liquid 3 0.3-1.0
Adhesives Liquid 1 85.0
Adhesives Remover Liquid 5 1.0-60.0
Auto Interior Cleaner Liquid 1 1.0-5.0
Auto Interior Spray Cleaner Aerosol 1 1.0
Cleaners/ Degreasers Liquid 8 1.0-100.0
Engine Cleaner/ Degreaser Liquid 1 15.0 - 40.0
Paint Liquid 3 1.0-7.0
Paint Removers Liquid 35 25.0-50.0°¢
Spray Lubricant (Mold release) | Aerosol 1 30.0-40.0
Stains, Varnishes Liquid 10 1.0-10.0
Arts and Crafts Liquid 2 0.1-1.0
2The number of products identified is based on the product lists in EPA’s 2017 Market and Use Report and
Preliminary Information on Manufacturing, Processing, Distribution, Use and Disposal: N-Methyl-2-
pyrrolidone, as well as the 2016 Supplemental Consumer Exposure and Risk Estimation Technical Report for
NMP in Paint and Coating Removal.
b Conditions of use with one value for weight fraction represent one product with a single value listed in the
Manufacturer’s Safety Data Sheet (MSDS). Several manufacturer’s list a range of possible NMP weight
fractions within a given product’s MSDS.
¢ See the 2015 Paint Remover’s Risk Assessment

EPA searched the National Institutes of Health (NIH) Household Products Database, various
government and trade association sources for products containing NMP, company websites for product
Safety Data Sheets (SDSs) and the internet in general. Lists of consumer products were compiled and
are found in EPA’s 2017 Market Profile (Abt, 2017). These products ranging from 0.1 to >85 weight
percent NMP were categorized according to their respective condition(s) of use and were included in
this draft risk evaluation.

In the absence of available emissions and monitoring data for use of consumer products containing
NMP, a modeling approach was utilized to assess consumer exposure. Appropriate use scenarios
corresponding to the product use were selected for exposure modeling and parameterization of model
inputs used consumer survey data where appropriate.

The PBPK model was used to derive internal exposure estimates for consumer acute exposures. The
PBPK model required a set of input parameters related to exposure by the dermal and inhalations routes:

. NMP weight fraction in the liquid product;

. Total skin surface area of hands in contact with the liquid product;

. Duration of dermal contact with the liquid product;

. Air concentration for inhalation and vapor-through-skin exposure; and
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3029 -
3030
3031  Section 2.4.2.4 presents the input parameters in more detail. The specific PBPK model inputs and
3032  outputs are found in the NMP supplemental documents (U.S. EPA, 2019e).

Body weight of the exposed consumer/user.

3033  EPA relied on information gathered through literature searches and data evaluation (See Section 1.5
3034  above). In addition to product specific data from gray literature, surveys provided data needed to

3035  parameterize model inputs. Many of the model defaults are based on data from EPA’s 2011 Exposure
3036  Factors Handbook (see Consumer Exposure Model guide) but were supplemented with data found from
3037  scientific literature (U.S. EPA, 2017a). For the NMP consumer exposure assessment, existing

3038  assessments such as the 2015 U.S. EPA Paint Remover Risk Assessment and other assessments as listed
3039 in Table 2-68 also provided supplementary information and data.

3040  Table 2-69 lists some of the key sources of information evaluated under the data evaluation process and
3041  used in the consumer exposure assessment. A description of the evaluation metrics and confidence
3042  scores for each of the sources is presented in the NMP supplemental document Risk Evaluation for N-
3043  Methylpyrrolidone, Systematic Review Supplemental File: Data Quality Evaluation of Consumer and
3044  General Population Studies (U.S. EPA, 2019h). The one indoor air monitoring study is discussed below
3045 in Section 2.4.2.5 under consumer use of paint removers.

3046  Table 2-69. Consumer Exposures Assessment Literature Sources

Source Reference Data Type Confidence Rating
(U.S. EPA, 1994a) Survey Data Medium (1.8)
(U.S. EPA, 1987) Survey Data High (1.3)
(Abt, 1992) Survey Data Medium (1.8)
(DEann\iiSPorI:/lnigirwS:,r\Z/gISt)h - Completed Assessments High (1.5)
(DTI, 2004) Completed Assessments High (1.6)
(ECHA, 2014) Completed Assessments High (1.0)
(Environment Canada, 2017) Completed Assessments High (1.5)
(Kiefer, 1994) Monitoring Low (2.5)
3047
3048 2422 Exposure Routes

3049 Based on reasonably available information on the toxicity profile and physicochemical properties of
3050 NMP as well as the previous NMP Paint Remover Risk Assessment, the primary routes of exposure for
3051  human health concerns are dermal, including vapor through skin, and inhalation exposures.

3052  Oral

3053  EPA considered the oral pathway for consumers based on children’s exposure potential via mouthing
3054  articles containing NMP (WSDE, 2014). EPA reviewed several NMP assessments (see Table 2-69
3055  above), including a Danish assessment specific to consumer product mouthing and NMP migration.
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Based on an estimated NMP migration amount of 200ug, the Danish study concluded that NMP from
articles such as toothbrushes do not pose a risk (DTI, 2004).

Using the Consumer Exposure Model, EPA estimated the exposure to NMP due to mouthing of fabric
articles such as blankets, dolls, or stuffed animals to young children. EPA evaluated NMP exposure for
3 lifestages, infant (<1 year), infant (1-2 years), and small child (3-5 years) (see Table 2-70). Infants
younger than one year would have the greatest possible exposure via mouthing, however levels of 15ug
are significantly less than the migration amount reported in the Danish study and well below the oral
dose of 48mg/kg/day that could result in risk. EPA did not further analyze NMP exposure via the oral
pathway in this risk evaluation.

Table 2-70. NMP Oral Exposure to Children via Mouthing

Faé)orlllc:sgj?fréléet, Mouthing Bod Acute Dose
Receptor ' Duration Docy Rate
animal : Weight (kg)

(weight fraction) (i, (el
Infant (<1 year) 1.0E-03 22.5 7.8 1.5E-02
Infant (1-2 years) 1.0E-03 22.5 12.6 9.2E-03
Small child (3-5 years) |1.0E-03 22.5 18.6 6.2E-03
Dermal

NMP has unique physicochemical properties such that it is very efficiently dermally absorbed. Dermal
absorption was characterized for consumers as it was characterized in the previous NMP Paint Remover
Risk Assessment most importantly in that consumers were assumed not to wear gloves when using
NMP-containing products. For the consumer exposure evaluation, dermal absorption is an important
route of NMP exposure for consumers.

NMP exposure to consumers via vapor through skin uptake was also considered for each of the
scenarios. This pathway will most likely occur in the scenario where the product is spray applied.

Inhalation

For each of the product use scenarios except for paint removers, the air concentrations of NMP resulting
from consumer use were modeled using EPA’s Consumer Exposure Model (CEM). For paint removers,
the Paint Remover Risk Assessment estimated air concentrations using the MCCEM model. This model
requires NMP emission data for the specific product and use conditions which was available through the
specific paint remover study (Koontz et al., 1990). The PBPK model was used to estimate aggregate
dermal, vapor through skin and inhalation exposures resulting from the uses of NMP (See Section
3.2.5.5 below and U.S. EPA (2015) for details of the PBPK model).

Based on anticipated use patterns of each of the product categories by consumers in residential settings,
acute exposures via the dermal and inhalation routes were the primary scenarios of interest. EPA
assumed that consumer users would be females of childbearing age (>16 and older), because, in terms of
hazard, they are the most sensitive subpopulation. Other individuals, adults and children alike may be
exposed via inhalation as bystanders located in the same building as the user of the NMP-containing
consumer product. According to the 2015 Paint Remover risk assessment as well as the supplemental
analysis presented in Section 2.4.2.5, bystanders or non-users are significantly less affected than the
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direct users of the product since they do not have direct dermal contact (U.S. EPA, 2015). Bystander
exposure was evaluated in this risk assessment for two high-end scenarios. Since monitoring data is not
available for most of the consumer product use scenarios, CEM was used to estimate air concentrations
in the breathing zone of the user. These estimates were then used to predict acute inhalation exposure to
NMP for the user using the PBPK modeling approaches.

2.4.2.3  Overview of Models used in Consumer Exposure Estimates
The Consumer Exposure Module (CEM) was selected for the consumer exposure modeling as the most
appropriate model to use due to the lack of available emissions and monitoring data for NMP uses other
than paint removers under consideration. Moreover, EPA did not have the input parameter data from
specific NMP product chamber studies required to run more complex indoor air models for the
consumer products under the scope of this assessment. Details of the CEM model and the advantages of
using CEM in estimating consumer exposures to NMP are presented in Appendix F.

Modeling Dermal Exposure

Since consumers do not always wear gloves when using consumer products, EPA modeled dermal
exposures for all NMP-containing products. Though CEM can estimate dermal exposures using a
chemical permeability coefficient, EPA used the PBPK model to estimate the internal dose of NMP as it
is absorbed through the skin both from direct contact of the liquid product and through absorption of
vapor through skin. The PBPK model thus estimated the peak internal dose of NMP through combined
routes of exposure: inhalation, dermal and vapor through skin and was also used to estimate exposures
in the Paint Remover Risk Assessment.

2.4.24  Consumer Model Scenario and Input Parameters for Exposure to Specific
NMP Uses
Table 2-71 describes the models and input parameters for women of child-bearing age that EPA
evaluated in the NMP consumer exposure assessment. As indicated in Section 2.4.2.2, EPA assessed
dermal and inhalation as the main exposure pathways.

Table 2-71. Product Use Input Parameters for CEM Modeling

Parameter \ Units | Value / Description
CHEMICAL PROPERTIES
Chemical of Interest n/a N-methyl-2-pyrrolidone
CAS Number n/a 872-50-4
Vapor Pressure torr 0.345
Molecular Weight g/mol 99.1
Chemical Saturation 3
Concentration in Air mg/m 1840
Log Octanol-Water
Partition Coefficient n/a 0.38
Water Solubility mg/mL 1000
Henry’s Law
Coefficient atm/M 3.2E-09
Gas Phase Mass m/hr CEM estimate, if applicable

Transfer Coefficient
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Parameter

Units

Value / Description

MODEL SELECTION / SCENARIO INPUTS

Inhalation Model n/a PBPK
Dermal Model n/a PBPK
Emission Rate n/a Let CEM Estimate Emission Rate
Women of Childbearing age: Adults (>21 years) and Young
Product User (s) n/a women/youth (Ages 16-20 years)
“Stay at home™: user spends most of their time at home (i.e.,
Activity Pattern n/a includes room of use as well as indoor/outdoor user locations
within a 24hr time period)
Product Use Start Time | n/a 9:00 AM
Background 3
Concentration mg/m 0
PRODUCT/ARTICLE PROPERTIES
Frequency of Use i
(Acute) events/day | Fixed at 1 event/day (CEM default)
Aerosol Fraction - CEM default (0.06)
Product Dilution Factor | unitless Fixed at 1 (i.e., no dilution)

ENVIRONMENT INPUTS

Building Volume

(Residence) m? 492
S | cem
S ee e | cem dea
Near-Field boundary | M| CEM default (402)
Interzone Ventilation m/hr CEM default

Rate

RECEPTOR EXPOSURE FACTORS

Body Weight kg 74 (Adult Women) and 65.9 (Women/Youth 16-20 years)
Averaging Time yrs/lifetime | Acute: 1 day

:jlshealatlon Rate-During | ayp, 0.67 (Adult and Youth 16-20 years)

{?:ea'at'on Rate-After | oy 0.635 (Adult) and 0.57 (Youth 16-20 years)

Dermal Surface Area cm? 445 (Adult) and 415 (Youth 16-20 years)
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3119 Table 2-72. Consumer Conditions of Use and Modeling Input Parameters
Consumer Duration of Use Mass of Product Used
Conditions of Selected U.S. EPA (1987) (min) 34 (9, [07])°
Use Form Survey Scenario ! Room of Use 2 10th  50th  95th 10th 50th 95th
Adhesivesand | . Cogf‘jésczwdegt' ;“per Bathroom/ Utility | oo | 4oe | go | 092 | 7.69 | 13287
Sealants g , aNd spray Room/ Outdoors ' ' [0.03] [0.25] [4.32]
Adhesives
Adhesives - . - 17.85 213.17 | 1705.33
Rermover Liquid Adhesive Removers Utility Room 3 60 480 0.67] 8] [64]
Auto Interior - Solvent-type Cleaning . 16.56 96.11 946.35
Cleaner Liquid Fluids or Degreasers AutomobfTc 2 15 120 [0.56] [3.25] [32]
Auto Interior Solvent-type Cleaning . 16.60 96.34 946.53
Spray Cleaner Aerosol Fluids or Degreasers Automobile 2 15 120 [0.56] [3.25] [32]
Cleaners/ - Solvent-type Cleaning - 16.23 94.19 927.43
Degreasers Liquid Fluids or Degreasers U0 2 Lo 120 [0.56] [3.25] [32]
Engine Cleaner/ - Engine Cleaners/ 73.15 291.60 | 1206.60
Degreaser Liquid Degreasers Garage 3 15 120 [2.91] [11.60] [48]
23068.3
Paint Liquid Latex Paint Garage 30 180 810 349.63 | 4194.24 1
[10.67] [128]
[704]
. - Paint Remover survey data -
Paint Removers | Liquid from Abt, 1992 Bathroom/ Utility -- 90 396 -- 540 1,944
Spray Lubricant Other Lubricants (Non- - 3.40 18.71 170.05
(Mold release) | 705! Automotive) UtilityRoom | 008 | 2| 30 | yoy5 | 1955 | [5.00]
Stains, - Stains, Varnishes, and - 61.07 366.42 | 3908.44
Varnishes | -'auid Finishes Living Room 101 60 1360 | mo0) | [12.00] | [128.00]
. . - 5.44 65.27 358.98
Arts and Crafts | Liquid Latex Paint Utility Room 30 180 810 [0.17] [2.00] [11.00]
3120 ! The U.S. EPA 1987 Survey was used to inform values used for duration of use and mass of product used. Where exact matches for conditions of use were not available,
3121  scenario selection was based on product categories that best met the description and usage patterns of the identified consumer conditions of use.
3122 2The room of use was a selection within the Consumer Exposure Model to model the most likely location of the consumer product use and exposure.
3123 3 Duration of use is time of use per event and assumes only one use per day.
3124 4 Low-end durations of use reported by U.S.EPA 1987 that are less than 0.5 minutes are modeled as being equal to 0.5 minutes due to that being the minimum timestep
3125  available within the model.
3126 5> Mass of product used within U.S.EPA 1987 for given scenarios is reported in ounces but were converted to grams using reported densities in the product SDSs or MSDSs.
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To estimate exposures to these products, numerous input parameters are required to generate a single
exposure estimate. These parameters include the characteristics of the house, the behavior of the
consumer and the emission rate of the chemical into the room of use. In the absence of measured values
for many of the needed inputs, the CEM modeling for NMP used a combination of upper (95™)
percentile, mean, and median as well as low-end (10" percentile) input parameters and assumptions in
the calculation of potential exposure for consumer users. The 10" percentile, 50" percentile and 95™
percentile inputs parameters were selected for three parameters that varied among users and were
included in the 1987 Westat survey, that is, duration of product use, mass of product used, and weight
fraction. This approach represents high-intensity use (95" percentile) in which the user uses a greater
amount, higher NMP concentration product for a longer duration and a moderate intensity use (50™
percentile weight fraction/duration/mass used) and produces acute inhalation estimates that are
hypothetical but representative of the range of consumer product use. The general input parameters and
assumptions are summarized in Table 2-71. The input values specific to each use scenario are
summarized and explained more fully in Table 2-72. Based on the previous NMP Paint Remover Risk
Assessment, the combinations of input parameters associated with low intensity use did not result in
risk. Thus, for this evaluation, only the medium intensity and high intensity use scenarios were further
analyzed. The general input parameters and assumptions are summarized in Table 2-71. The input
values specific to each use scenario are summarized and explained more fully in Table 2-72.

Consumer behavior pattern parameters in CEM include the mass of product used, the duration of use
and the frequency of use. Although the default values in CEM for these consumer behavior parameters
are set to high end values, they were not used in this risk assessment. The other parameters (e.g., house
volume) in CEM are set to mean or median values obtained from the literature. A combination of high
end and mean or median values was utilized to produce high end acute inhalation exposure estimates,
whereas a combination of mean and median values was used to produce central tendency acute
inhalation exposure estimates.

To determine the appropriateness of the consumer behavior pattern parameters chosen in this risk
evaluation, EPA examined the consumer categories available in the Westat (U.S. EPA, 1987) survey.
The authors of the Westat (U.S. EPA, 1987) survey contacted thousands of Americans to gather
information on consumer behavior patterns related to product categories that may contain halogenated
solvents. The Westat (U.S. EPA, 1987) survey data aligned reasonably well with the description of the
products that were used in this consumer exposure assessment. The data informed the values that EPA
used for the mass of product used, and the time spent in the room of use when considering all surveyed
individuals who identified as users of spray adhesives, spot removers, engine cleaners, brake cleaners or
electronics cleaners.

The input parameter for house volume was taken from the Exposure Factors Handbook (2011). The
room volume for aerosol spray adhesives and aerosol spot removers was calculated as a proxy utility
room measuring 9 ft x 10 ft, with 8 ft ceilings (U.S. EPA, 2014). The designated room of use modeled
for aerosol degreasers and cleaners (used as engine degreasers and brake cleaners) was the garage since
users surveyed in the Westat (U.S. EPA, 1987) report reported use in the garage. The CEM model does
not include a garage volume in its default room parameters, thus the median garage volume from a 2007
indoor air quality study (Batterman et al., 2007) of 15 homes in Michigan was used as a reasonable
proxy value. The room of use for adhesives was reported in the product sheet as outdoors. Since CEM
does not have an outdoors scenario, the garage was selected as the room of use but input parameters
such as a high air exchange rate were modified to simulate the outdoors.
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The user’s body weight, inhalation rate, and inside of two hands surface area were set to adult (+21) and
teen (16-20) women mean or the median values from the Exposure Factors Handbook (U.S. EPA, 2011)
for the simulations used in this assessment.

The air exchange rate in the room of use does not take into consideration open windows or the use of an
exhaust fan. While it is possible that some users may employ these exposure reduction techniques inside
their homes, the goal of the consumer exposure assessment was to provide an acute exposure estimate
for ventilation conditions representing average household air exchange rates. Moreover, residential users
would not necessarily have the type of indoor exposure reduction tools/equipment (e.g., gloves, exhaust
ventilation) that workers are likely to have in occupational settings. Consumers may not necessarily be
as aware of potential chemical hazards as workers and would not have a standard operating procedure in
place to assure that they use exposure reduction techniques each time they use a product.

In this assessment it was assumed that there was no pre-existing concentration of NMP in the home
before product use began. The outdoor air was also assumed to be free of NMP, meaning that the air
exchange rate described the intake of air with no pre-existing NMP contamination.

The products were assumed to be brushed on as a liquid to varying surfaces, where a thin film of the
product was assumed to build up, evaporate, and contribute to the air concentration of the chemical in
the room. EPA relied on modeled emission rates because data from chamber studies were not available.
To generate emission rates, CEM used empirical data from studies assessing the emission rates of pure
solvents (DTIC, 1981). CEM used the Chinn study as surrogate data to calculate the rate of evaporation
of NMP from the surface to the air in the home.

The use of an exponentially decaying emission rate for NMP from the application surface was based on
vapor pressure and molecular weight the equations using the Chinn method. The adhesive application
should be well modeled by the Chinn study since it contained over 85% NMP. On the other hand, the
spray cleaner product may have more components, and the interaction of these chemicals could alter the
evaporation rate of NMP. This introduces uncertainty into the assessment, however EPA did not identify
a better data set available to model the emission rates. Within the current exposure assessment, the 24-hr
exposure was not strongly dependent on the emission rate due to the amount of time the product user
spends in the room of use (see Table 2-72 for details).

24.25 Consumer Exposure Scenarios

Adhesives and Sealants

Exposure to NMP found in NMP-containing adhesive and sealant products was based on four products
with associated weight fraction data. Three of the products had a range of weight fractions from 0.1 to
1% and were similar use products, sealants. One product was an adhesive to glue boards used in deck
construction. The duration of use and mass of product used were based on the 1987 Westat survey data,
specifically the data found under the Contact Cement, Super Glues, and Spray Adhesives scenario and
are listed in Table 2-73.

The ‘Glues and Adhesives (small scale)’ default scenario within the Consumer Exposure Module (CEM)

was chosen for conducting the modeling runs. This selection was the closest match to the liquid
adhesive scenario among the default CEM exposure scenarios. The common modeling inputs required to
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run CEM for all consumer single-use scenarios evaluated in this assessment are provided in Table 2-71.
Table 2-71 also has a brief explanation of the source of each parameter and the justification for the
parameter selection. Other scenario-specific input parameters are provided in Table 2-72.

CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weights (74 kg, 65.9 kg), inside both hands surface areas (445 cm?, 415 cm?) and respiration rates (0.74
mé/hr, 0.68 m*/hr during use) for adult women (+21 years) and young women (16-20 years), respectively
and both age groups are considered of child-bearing age in calculating the internal dose of NMP (cite:
EPA definition of Childbearing age). Though both young and adult women scenarios were modeled and
are presented in Appendix 1.2, the difference in exposures were very small. Exposures to adult women
are presented below as they are expected to adequately represent the women of child-bearing age who
may use these consumer products.

Table 2-73 presents the results of the indoor air concentrations (ppm) for both central tendency and high
end estimated exposures for the consumer use scenarios based on the 50" percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file. (U.S. EPA, 2019d)

Table 2-73. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use of Adhesives or Sealants

. L Air Concentration 2
Scenario Description
For Product User Duration Weight Mass of Max 8 hr Max 8 hr | Max 24 hr
(Women of of Use Fraction Product TWA TWA TWA

Childbearing Age) (min) (%) Used (9) (mg/m?3) (ppm) (ppm)
Sealant
Medium Intensity Use ° 4.25 0.77 7.69 4.30E-02 1.06E-02 3.76E-03
High Intensity Use © 60 0.77 132.87 6.18E-01 1.52E-01 | 5.56E-02
Adhesive
Medium Intensity Use® 4.25 85 7.69 1.82E-01 4.48E-02 1.49E-02
High Intensity Use © 60 85 132.87 1.74 0.429 0.143
2See Appendix F for details about the model inputs and the method used to estimate air concentrations of NMP.
b Medium intensity use estimate based on using 50" percentile values for use patterns from Westat Survey (1987).
¢ High intensity use estimate based on using 95™ percentile values for use patterns from Westat Survey, (1987).

The model output reports the peak concentration of NMP, however this air concentration was not used
in the risk assessment. The peak concentration was the highest concentration among all 10-second time
intervals that CEM simulated within a 24-hr period. The peak concentration may only exist in the room
of use for a short duration and was not considered a good indicator of what the concentration of NMP
would be for longer time periods. Thus, the peak concentration was not used in the risk assessment as it
was not representative of a 24-hr exposure.

Page 148 of 487



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5429194
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005969
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1005969

3237
3238
3239
3240
3241

3242
3243
3244
3245
3246
3247

3248
3249

3250

3251
3252
3253
3254
3255

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

The maximum internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin
exposures to women of childbearing age consumer use of adhesive or sealant products as estimated from
the PBPK model is presented in Table 2-74.

Table 2-74. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Adhesives or Sealants

Women of
Scenario Description Childbearing Age Pregnant Women
For Product User Cmax (mg/L) Cmax (mg/L)

Sealants

Medium Intensity Use 0.011 0.011

High Intensity Use 0.070 0.068
Adhesives

Medium Intensity Use 1.238 1.203

High Intensity Use 5.623 5.385

Adhesives Removers

Exposure to NMP found in NMP-containing adhesive remover products was based on five products with
associated weight fraction data. Weight fractions ranged from 1% to 60% and were similar use products.
The duration of use and mass of product used were based on the 1987 Westat survey data, specifically
the data found under the Adhesive Removers scenario and are listed in Table 2-75.

Table 2-75. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use of Adhesives Removers

Scenario Description Air Concentration ®
For Product User Duration | Weight Mass of Max 8 hr | Max 8 hr | Max 24 hr
(Women of of Use Fraction | Product TWA TWA TWA
Childbearing Age) (min) (%) Used () (mg/m3) (ppm) (ppm)
Adhesive Remover
Medium Intensity Use © 60 18.90 213.17 1.42 0.349 0.119
High Intensity Use ° 480 25.00 1,705.33 21.70 5.34 1.89

4 See Appendix F for details about the model inputs and the method used to estimate air concentrations of NMP.
b Medium intensity use estimate based on using 50™ percentile values for use patterns from Westat Survey (1987).
€ High intensity use estimate based on using 90" percentile values for use patterns from Westat Survey, (1987).

The ‘Adhesives/Caulk Removers’ default scenario within the Consumer Exposure Module (CEM) was
chosen for conducting the modeling runs. This selection was the closest match to the liquid adhesive
remover scenario among the default CEM exposure scenarios. The common modeling inputs required to
run CEM for all consumer scenarios evaluated in this assessment are provided in Table 2-71. Other
scenario-specific input parameters are provided in Table 2-72.
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CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women (+21) and young women (16-20) both considered of child-
bearing age in calculating the internal dose of NMP.

Table 2-75 presents the results of the indoor air concentrations (ppm) both central tendency and high-
end estimated exposures for the consumer use scenarios based on the 50" percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file. (U.S. EPA, 2019d)

Detailed CEM modeling results are provided in Table 2-72.

Total internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin exposures to
women of childbearing age consumer use of adhesive remover products as estimated from the PBPK
model is presented in Table 2-76.

Table 2-76. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Adhesive Removers

Women of
Scenario Description | Childbearing Age | Pregnant Women
For Product User Cmax (mg/L) Cmax (mg/L)

Adhesive Removers
Medium Intensity Use 1.292 1.239
High Intensity Use 5.957 5.778

Auto Interior Liquid and Spray Cleaners

Exposure to NMP found in NMP-containing auto interior cleaner products was based on one product
that was a liquid and one product that was a spray applied. The NMP weight fraction of the liquid
cleaner was listed in the product Safety Data Sheet as a range between 1 and 5%. For the modeling
scenarios, EPA assumed a typical or central tendency NMP amount of 3% and at a high-end of 5%
NMP. The duration of use and mass of product used were based on the 1987 Westat survey data,
specifically the data found under the Solvent-type Cleaning Fluids or Degreasers scenario and are listed
in Table 2-77.

For the spray applied cleaner, the product data sheet listed the weight fraction as <1%. EPA
conservatively used 1% for both scenarios with the other two parameters distinguishing the scenarios as
either high-end or central tendency. The duration of use and mass of product used were based on the
1987 Westat survey data, specifically the data found under the Solvent-type Cleaning Fluids or
Degreasers scenario and are listed in Table 2-77.
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Table 2-77. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use of Auto Interior Liquid or Spray Cleaners

Scenario Description

Air Concentration 2

For Product User  |Duration| Weight Mass of | Max8 hr | Max8hr | Max 24 hr
(Women of of Use | Fraction Product TWA TWA TWA
Childbearing Age) (min) (%) Used (g) (mg/m3) (ppm) (ppm)
Auto Interior Liquid Cleaner
Medium Intensity Use® 15 3 7.69 2.88 0.711 0.237
High Intensity Use© 120 5 132.87 54.4 13.4 4.48
Auto Interior Spray Cleaner
Medium Intensity Use® 15 1 7.69 10.8 0.266 8.89E-02
High Intensity Use 120 1 132.87 12.0 2.95 0.984

2 See Appendix F for details about the model inputs and the method used to estimate air concentrations of NMP.
b Medium intensity use estimate based on using 50" percentile values for use patterns from Westat Survey (1987).
€ High intensity use estimate based on using 95" percentile values for use patterns from Westat Survey, (1987).

The ‘All Purpose Liquid Cleaner’ and the ‘All Purpose Spray Cleaner’ default scenarios within the
Consumer Exposure Module (CEM) were chosen for conducting the modeling runs for the Auto Liquid
Cleaner and Auto Spray Cleaner scenarios. This selection was the closest match to the liquid or spray
cleaner scenario among the default CEM exposure scenarios. The common modeling inputs required to
run CEM for all consumer scenarios evaluated in this assessment are provided in Table 2-71. Other
scenario-specific input parameters are provided in Table 2-72.

CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women (+21) and young women (16-20) both considered of child-
bearing age in calculating the internal dose of NMP (cite EPA definition of childbearing age).

Table 2-77 presents the results of the indoor air concentrations (ppm) both central tendency and high-
end estimated exposures for the consumer use scenarios based on the 50" percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file. (U.S. EPA, 2019d)

Total internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin exposures to
women of childbearing age consumer use of various auto interior cleaner products as estimated from the
PBPK model is presented in Table 2-78.
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Table 2-78. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Auto Interior Liquid or Spray Cleaners

Women of
Scenario Description | Childbearing Age | Pregnant Women
For Product User Cmax (mg/L) Cmax (mg/L)

Auto Interior Liquid Cleaner

Medium Intensity Use 0.256 0.249
High Intensity Use 4.355 4.245
Auto Interior Spray Cleaner

Medium Intensity Use 0.093 0.091
High Intensity Use 0.183 0.177

Cleaners/Degreasers, Engine Cleaner/Degreaser and Spray Lubricant

Exposure to NMP found in consumer cleaner/degreaser and spray lubricant products containing NMP
was based on product data found on a total of 10 products. Eight products ranging from oven cleaners to
metal cleaners to resin cleaner had NMP weight fractions, as listed in the product Safety Data Sheets,
between 1% and 100%. The duration of use and mass of product used were based on the 1987 Westat
survey data, specifically the data found under the Solvent-type Cleaning Fluids or Degreasers scenario
and are listed in Table 2-79.

One product was specifically used as an engine cleaner (weight fraction between 15% and 40%) and one
product was found as a spray lubricant (weight fraction between 30% to 40%). For the three modeling
scenarios, EPA assumed the product could be available in a low-end formulation with 1% NMP, a
typical or central tendency amount of 3% and at a high-end of 5% NMP. The duration of use and mass
of product used were based on the 1987 Westat survey data, specifically the data found under the Engine
Cleaners/Degreasers scenario and are listed in Table 2-79.

One product was identified as a mold release (i.e., once a product is formed or shaped then hardened in a
mold, it then can be easily removed). It was modeled differently since it is used as a spray product. The
duration of use and mass of product used were based on the 1987 Westat survey data, specifically the
data found under the Other Lubricants scenario and are listed in Table 2-79.
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Table 2-79. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use of Cleaners/Degreasers, Engine Cleaner/Degreaser and Spray Lubricant

Scenario Description

Air Concentration 2

For Product User Duration | Weight Mass of Max 8 hr | Max 8 hr | Max 24 hr
(Women of of Use Fraction Product TWA TWA TWA
Childbearing Age) (min) (%) Used () (mg/m?3) (ppm) (ppm)
Cleaners/Degreasers
Medium Intensity Use® 15 25.46 94.19 18.5 4.56 1.61
High Intensity Use© 120 29.87 927.43 235 57.9 20.8
Engine Cleaner/Degreaser
Medium Intensity Use® 15 27.50 291.6 39.7 9.80 3.56
High Intensity Use 120 40 1,206.60 281 69.3 25.5
Spray Lubricant
Medium Intensity Use® 2 35 18.71 0.28 7.04E-02 | 2.48E-02
High Intensity Use © 30 40 170.05 2.65 0.65 0.23

4 See Appendix F for details about the model inputs and the method used to estimate air concentrations of NMP.
b Medium intensity use estimate based on using 50™ percentile values for use patterns from Westat Survey (1987).
€ High intensity use estimate based on using 95™ percentile values for use patterns from Westat Survey, (1987).

The ‘All Purpose Liquid Cleaner’, ‘All Purpose Spray Cleaner’ and ‘Lubricant (spray)’ default scenarios
within the Consumer Exposure Module (CEM) were chosen for conducting the modeling runs for the
Cleaner/Degreaser, Engine Cleaner/Degreaser and Spray Lubricant scenarios, respectively. This
selection was the closest match to the liquid or spray cleaner scenario among the default CEM exposure
scenarios. The common modeling inputs required to run CEM for all consumer scenarios evaluated in
this assessment are provided in Table 2-71. Other scenario-specific input parameters are provided in

Table 2-72.

CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women (+21) and young women (16-20) both considered of child-

bearing age in calculating the internal dose of NMP.

Table 2-79 presents the results of the indoor air concentrations (ppm) both central tendency and high-
end estimated exposures for the consumer use scenarios based on the 50" percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file. (U.S. EPA, 2019d)

The total internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin exposures
to women of childbearing age consumer use of various types of cleaner/degreaser products as estimated

from the PBPK model is presented in Table 2-80.
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Table 2-80. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Cleaners/Degreasers, Engine Cleaner/Degreaser and Spray Lubricant

Women of
Scenario Description Childbearing Age Pregnant Women
For Product User Cmax (mg/L) Cmax (mg/L)
Cleaners/Degreasers
Medium Intensity Use 1.033 1.016
High Intensity Use 13.40 13.00
Engine Cleaner/Degreaser
Medium Intensity Use 1.682 1.640
High Intensity Use 16.46 15.97
Spray Lubricant
Medium Intensity Use 0.332 0.322
High Intensity Use 2.853 2.801

Paint and Arts and Craft Paint
Exposure to NMP found in consumer paint and arts and crafts paint products containing NMP was based
on product data found on a total of four products. Two paint products that contained NMP were paints
such as concrete paint and truck bed coating and had NMP weight fractions ranging from 1% to 7%. For
arts and crafts paint the NMP weight fractions were 0.1% to 1%. The duration of use and mass of
product used were based on the 1987 Westat survey data, specifically the data found under the Latex
Paint scenario and are listed in Table 2-79. For the Arts and Craft scenario mass of product was adjusted
lower (ratio of 64) by the craft volume sold (2 ounces) relative to the wall paint (gallon).

Table 2-81. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on

Residential Use of Paint and Arts and Crafts Paint

: L Air Concentration @
Scenario Description
For Product User Duration of | Weight | Massof | Max8 hr | Max 8 hr | Max 24 hr
(Women of Use Fraction | Product TWA TWA TWA

Childbearing Age) (min) (%) Used (g) | (mg/m?3) (ppm) (ppm)
Paint
Medium Intensity Use® 180 2.03 4,194.24 2.40 0.593 0.204
High Intensity Use 810 3.63 ]23,068.31 18.3 451 2.52
Arts and Crafts
Medium Intensity Use® 180 0.55 65.30 1.41E-02 | 3.48E-03 | 1.19E-03
High Intensity Use 810 1.00 359.00 | 1.01E-01 | 2.48E-02 | 1.39E-02

concentrations of NMP.

4 See Appendix F for details about the model inputs and the method used to convert acute dose rates (ADRS) to air
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: L Air Concentration 2
Scenario Description

For Product User Duration of | Weight | Massof | Max8 hr | Max 8 hr | Max 24 hr
(Women of Use Fraction | Product TWA TWA TWA
Childbearing Age) (min) (%) Used () | (mg/m3) (ppm) (ppm)

b Medium intensity use estimate based on using 50t percentile values for use patterns from Westat Survey (1987).
© High intensity use estimate based on using 95" percentile values for use patterns from Westat Survey, (1987).

The ‘Solvent-based Wall Paint” and the ‘Crafting Paint’ default scenarios within the Consumer
Exposure Module (CEM) were chosen for conducting the modeling runs for the Paint and Arts and
Crafts scenarios, respectively. These selections were the closest match to each of the paint scenarios
among the default CEM exposure scenarios. The common modeling inputs required to run CEM for all
consumer scenarios evaluated in this assessment are provided in Table 2-71. Other scenario-specific
input parameters are provided in Table 2-72.

CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women (+21) and young women (16-20) both considered of child-
bearing age in calculating the internal dose of NMP.

Table 2-81 presents the results of the indoor air concentrations (ppm) both central tendency and high-
end estimated exposures for the consumer use scenarios based on the 501 percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file (U.S. EPA, 2019d).

Detailed CEM modeling results are provided in Table 2-72.

Total internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin exposures to
women of childbearing age consumer use of paint products as estimated from the PBPK model is
presented in Table 2-82.
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Table 2-82. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Paints and Arts and Crafts Paints

Senaro DRI | cribaarng Age | "It Wore
Cmax (mg/L)

Paints

Medium Intensity Use 0.374 0.358

High Intensity Use 1.422 1.415

Arts and Crafts Paints

Medium Intensity Use 0.071 0.068

High Intensity Use 0.222 0.219

Stains, Varnishes, Finishes (Coatings)

Exposure to NMP found in consumer stains, varnishes, finishes and other coatings products containing
NMP was based on product data found on a total of nine products. The NMP weight fractions range was
between 0.3% to 10% with the mean of 4.97% and the average high-end of 8.25% used to model
consumer exposure estimates. The duration of use and mass of product used were based on the 1987
Westat survey data, specifically the data found under the Stains, Varnishes, and Finishes scenario and

are listed in Table 2-83.

The ‘Varnishes and Floor Finishes’ default scenarios within the Consumer Exposure Module (CEM)
was chosen for conducting the modeling runs for the Stains, Varnishes, Finishes (Coatings) scenario.
This selection was the closest match to the liquid coatings scenario among the default CEM exposure
scenarios. The common modeling inputs required to run CEM for all consumer scenarios evaluated in
this assessment are provided in Table 2-71. Other scenario-specific input parameters are provided in

Table 2-72.

Table 2-83. Estimated® NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use of Stains, Varnishes, Finishes (Coatings)

. . Air Concentration 2
Scenario Description
For Product User Duration | Weight Mass of |Max8hr| Max8hr | Max 24 hr
(Women of of Use Fraction | Product TWA TWA TWA

Childbearing Age) (min) (%) Used (g) | (mg/md) (ppm) (ppm)
Stains, Varnishes, Finishes (Coatings)
Medium Intensity Use® 60 4.97 366.42 6.84E-01 | 1.68E-01 5.74E-02
High Intensity Use 360 8.25 3,908.44 12.5 3.08 1.08

4 See Appendix F for details about the model inputs and the method used to estimate air concentrations of NMP.
b Medium intensity use estimate based on using 50™ percentile values for use patterns from Westat Survey (1987).
€ High intensity use estimate based on using 95™ percentile values for use patterns from Westat Survey, (1987).
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CEM calculated air concentrations over the course of the simulation for the room of use and the rest of
the house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women (+21) and young women (16-20) both considered of child-
bearing age in calculating the internal dose of NMP.

Table 2-83 presents the results of the indoor air concentrations (ppm) both central tendency and high-
end estimated exposures for the consumer use scenarios based on the 50" percentile and 95" percentile
input parameters. Calculations detailing the conversion from acute dose rates to air concentrations are
provided in a supplemental Excel spreadsheet file. (U.S. EPA, 2019d)

Total internal NMP dose (Cmax) resulting from inhalation, dermal and vapor through skin exposures to
women of childbearing age consumer use of coatings products as estimated from the PBPK model is
presented in Table 2-84.

Table 2-84. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Stains, Varnishes, Finishes (Coatings)

Women of
Scenario Description Childbearing Age Pregnant Women
For Product User Cmax (mg/L) Cmax (mg/L)
Stains, Varnishes, Finishes (Coatings)
Medium Intensity Use 0.341 0.327
High Intensity Use 1.947 1.882

Paint Removers

Consumer exposure to NMP found in consumer paint remover products containing NMP was assessed
in the Final Paint Remover Risk Assessments (U.S. EPA, 2015) as well as the Supplemental Consumer
Exposure and Risk Estimation Technical Report for NMP in Paint and Coating Removal (see 6F.2). For
the supplemental analysis, exposures were estimated for 18 scenarios. The E2 scenario was selected as a
representative high intensity use scenario. The paint remover product was modeled to remove paint from
a bathtub and using 4 applications. The A2 scenario was selected as a representative medium intensity
use scenario. The NMP paint remover product was used to remove paint from a coffee table. The weight
fraction for paint remover products was 50% for both scenarios. Appendix F.2 lists all of the evaluated
scenarios for the paint remover evaluation.
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Table 2-85. Estimated NMP Air Concentrations (Time Averaged Over 1 Day) Based on
Residential Use Paint Removers

Air Concentration
Duration of | Weight Mass of Max 8 hr Max 8 hr
Scenario Description Use Fraction Product TWA TWA
For Product User (min) (%0) Used (g) (mg/m3) (ppm)
Paint Removers
Medium Intensity Use 60 50 540 3.24 0.8
High Intensity Use 360 50 1944 146 36.0

As described in detail in the previous assessments, emissions data were available specifically for paint
remover product use. This data can then be used in a higher tier exposure model, the MCCEM to
estimate air concentration. In principle, as in the CEM, the MCCEM also estimates NMP air
concentrations in various areas of the house depending on the user’s activity pattern. MCCEM
calculated air concentrations over the course of the simulation for the room of use and the rest of the
house (Zone 1 and Zone 2). These concentrations were inputs to the PBPK model and used the body
weight and respiration rate for adult women of child-bearing age in calculating the internal dose of
NMP.

Table 2-86 presents the internal dose for women of childbearing age for the medium intensity use and
high intensity use scenarios.

Table 2-86. Estimated NMP Exposures (Time Averaged Over 1 Day) Based on Residential Use of
Paint Removers

Women of Childbearing

Scenario Description
For Product User

Age
Cmax (mg/L)

Paint Removers

Medium Intensity Use

2.02

10.02

High Intensity Use

EPA reviewed data from one study that specifically measured NMP air concentrations while an NMP-
containing paint removal product was being used on floors in a house undergoing renovation (Kiefer
1994). The study reported air concentrations ranging from 3.6 to 7.7 ppm in the room of use. In EPA’s
supplemental analysis of NMP use in paint and coating removal, the modeled paint removal use resulted
in air concentrations of 11.1 ppm (8-hr time weighted average). Although this estimated NMP air
concentration is higher than the measured air concentration presented by Kiefer et al. (1994), both
represent the air concentration in the room that a non-user would be exposed to rather than the personal
breathing zone concentration to which the user is directly exposed. EPA determined that the estimated
NMP exposures incurred during floor paint removal do not present a risk to non-users (See Appendix
F.2).
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Exposure to Bystanders

In each of the consumer scenarios listed above, use of a product containing NMP is expected to result in
air concentrations of NMP and user inhalation exposure to NMP in addition to dermal and vapor-
through skin exposures. EPA also expects that the NMP air concentrations can be circulated through the
house via the air ventilation system so that NMP exposures could occur to other occupants in the house
during and after consumer use. The air concentration in Zone 2 (rest of the house) is presented in the
supplemental document, Risk Evaluation for N-Methylpyrrolidone, Supplemental Information on
Consumer Exposure Assessment, Consumer Exposure Model Outputs (U.S. EPA, 2019d).

EPA estimated the internal dose for indirect NMP exposures adult bystanders as well as children aged 3-
5 years due to their location in the house during consumer use (see Table 2-85) (U.S. EPA, 2019e).

Table 2-87. Estimated Bystander Exposure to NMP Consumer Use

Bystander Female | Bystander Child
Consumer Conditions of Use Adult Cmax (3-5 yrs) Cmax
(mg/L) (mg/L)
Cleaners/ Degreasers 4.06 4.76
Engine Cleaner/ Degreaser 5.55 6.51

24.2.6  Key Assumptions and Confidence
Given the absence of direct measurement and monitoring of consumer exposures during product use,
modeling was used to evaluate consumer exposures resulting from the conditions of use summarized in
Table 2-72. Modeling requires a number of input parameters, some of which rely on default modeling
assumptions and some of which rely on user inputs or selections. As with any modeling approach, there
are uncertainties associated with the assumptions and data used. An overall review of these factors can
help develop a qualitative description of the confidence associated with the modeling approach and
results.

Key Assumptions:

Evaluation of acute consumer exposure is based on the assumption that the products used under the
conditions of use summarized in Table 2-72, except paint removers, are only used once per day. This
assumption considers a single use event which may occur over a 24-hour period and represents an
expected consumer use pattern. This is a reasonable assumption for the average intensity user but may
underestimate those high intensity users such as do-it-yourselfers (D1Y) that could use a product
multiple times in a day. The paint remover scenario as defined in the Paint Remover Risk Assessment,
defines a user pattern in which the product is applied then scraped away with the paint and reapplied
again as is outlined in the product directions. This product-specific use is reflected in the use patterns for
all of the products evaluated for consumer exposures.

Evaluation of consumer exposure for this evaluation is also based on the assumption that a consumer
uses a single product or product type. For the products estimated under the conditions of use, this is a
reasonable assumption. However, this assumption may, in general, underestimate NMP exposures since
NMP is also found in cosmetic products and other personal care products that could be used
concurrently.
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This evaluation assumes consumer exposure is not chronic in nature. This assumption is based on the
expected consumer use pattern and data found during systematic review that indicates frequency of use
(days of use) of products containing the chemical of concern is not chronic in nature. This assumption is
also based on the fairly rapid elimination of NMP so that the use pattern and data would not be chronic
in nature. This assumption may result in excluding certain consumer users who may be do-it-yourselfers.

This evaluation assumes a background concentration of zero for the chemical of concern during
evaluation of consumer exposure. This assumption is primarily driven by the physical chemical
properties of the chemical of concern which is the high vapor pressure and expected quick dissipation of
the chemical of concern.

Inputs

Inputs for the modeling were a combination of physical chemical properties of the chemical of concern,
default values within the models used, values from the Exposure Factors Handbook (U.S. EPA, 2011),
and use pattern survey data found in the literature as part of the systematic review process (Westat
Survey (U.S. EPA, 1987)). Physical chemical properties of the chemical of concern are pre-defined and
well established in the literature. These properties do not change under standard conditions and therefore
have high confidence associated with them.

Default values within the models used are a combination of central tendency and high-end values
derived from well-established calculations, modeling, literature, and from the Exposure Factors
Handbook (U.S. EPA, 2011). The models used have a wide variety of parameters with default values,
although certain default values can be changed (if information and data are available) prior to running
the model. There is a high confidence associated with these values due to the number of parameters
where defaults are available.

Values from the Exposure Factors Handbook (U.S. EPA, 2011) are a combination of central tendency
and high-end values which are well established and commonly used for exposure evaluations and
modeling. The values are derived from literature, modeling, calculations, and surveys. There is a high
confidence associated with the Exposure Factors Handbook (U.S. EPA, 2011).

The Westat Survey (U.S. EPA, 1987) was previously described in this evaluation. It is an EPA-directed
national survey which received over 4,920 completed questionnaires from across the United States. The
survey aimed to answer multiple questions related to the use of solvent-containing consumer products
within thirty-two different common household product categories. Multiple aspects of the survey and
survey results were utilized in this evaluation. Most of the consumer uses summarized in Table 2-72
aligned well with one of the thirty-two product categories within the Westat Survey. There is a high
confidence associated with cross-walking of consumer uses with the Westat product categories.

The representativeness of the consumer use patterns (duration of use, amount used, room of use, etc.)
described in the Westat Survey (from 1987) is believed to remain strong when compared to present day
consumer use patterns even though some aspects of the use may have changed (electronics cleaners
were applied to VCRs in 1987, but now are applied to computer motherboards or DVD players).
However, ease of access to products on-line or in big box stores (like home improvement stores), readily
accessible how-to videos, and a consumer movement toward more do-it-yourself projects with products
containing the chemical of concern could impact the representativeness of the consumer use patterns
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described within the Westat Survey and may lead to an underestimate of overall consumer exposure.
There is a high confidence associated with the representativeness of the consumer use patterns described
within the Westat Survey and present-day consumer use patterns.

Other Uncertainties:

There are several other factors to which some level of uncertainty may apply. These include, but are not
limited to, product use/availability, model specific factors, building characteristics, and use of personal
protective equipment or natural/engineered controls.

As described in Section 2.4.2.1, the market profile was developed in 2017 based on information
available at that time. These do not take into consideration company-initiated formulation changes,
product discontinuation, or other business or market-based factors that occurred after the documents
were compiled. However, unless these factors were in process while the dossier and market profile were
being developed, it is unlikely any significant changes occurred since such changes often require
considerable time to research, develop, and implement. Even with discontinuation of products, while
they may readily be removed from shelves, product already purchased or picked up to be sold online
shortly before discontinuation will take some time to work out of the system. There is a medium
confidence associated with the product use/availability of product containing the chemical of concern.

There are multiple model specific factors to which a level of uncertainty may apply including user
groups (age groups), building characteristics, and inherent model parameters.

There are multiple building characteristics considered when modeling consumer exposure including, but
not limited to, room size, ventilation rate, and building size. For this evaluation, we relied on default
values within the models for these parameters. These default values were primarily obtained from the
Exposure Factors Handbook (U.S. EPA, 2011). There is a medium to high confidence associated with
these parameters.

Room size varied for this evaluation based on room of use obtained from the Westat Survey (1987) data.
Room size relates to the volume of the room and is a sensitive parameter within the models. However,
the room size of a standard bedroom, living room, kitchen, utility room, one or two car garage, etc.
should be relatively consistent across building types (small or large residential homes, apartments,
condominiums, or townhomes). Therefore, any uncertainty associated with room size is derived more
from the room of use selected, rather than the wide variety of sizes of a particular room of use. Since the
rooms of use selected for this evaluation are based on data collected by the Westat Survey, there is a
high confidence associated with room sizes used for this evaluation.

Ventilation rate is another sensitive parameter within the models. Similar to the room of use, however,
ventilation rates should be relatively consistent across building types where ventilation systems are
properly maintained and balanced. Centralized ventilation systems are designed to deliver ventilation
rates or air exchange rates which meet the American Society of Heating, Refrigeration, and Air
Conditioning Engineers Standard Recommendations which are established for rooms, house types,
commercial buildings, and others. Centralized ventilation systems may be larger for larger homes, but
the ventilation rates delivered to the specific room of use should be relatively consistent across building
types. Therefore, any uncertainty associated with ventilation rates is derived more from the proper
design, balancing, and maintenance of ventilation systems. Ventilation rates for a particular room of use
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could be impacted by use of fans or opening windows within the room of use, however, most
respondents to the Westat Survey indicated they did not have an exhaust fan on when using the products.
Most respondents kept the door to the room of use open but did not open doors or windows leading to
the outside when using the products. There is a medium to high confidence associated with the
ventilation rates used for this evaluation.

Building size is another sensitive parameter within the models, however, the sensitivity derives from
more mixing and dissipation outside of the room of use. There will be more variability in building size
across building types so there is a medium confidence associated with building size.

The use of personal protective equipment or natural/engineered controls by a consumer during product
use is uncertain. It is not expected that consumers will utilize personal protective equipment like full
face respirators, or engineering controls like hoods when using consumer products in a residence or
building to reduce inhalation risks. While it may be slightly more likely that, for certain products,
consumers may choose to wear gloves or eye protection, neither of these address inhalation exposure.
Use of gloves by a consumer could decrease dermal exposure, assuming the gloves are high quality and
chemical resistant. Latex gloves are readily available; however, such gloves tear easily, and may not be
resistant to breakdown by certain products used. Although the use of gloves could reduce dermal
exposure, if used improperly (for example fully immersing hands into a product) could allow for leakage
into the glove.

Confidence:

There is an overall medium confidence in all the results found for the consumer scenarios identified in
Table 2-68 and evaluated in this evaluation. This confidence derives from a review of the factors
discussed above as well as previous discussions about the strength of the models and data used,
sensitivity of the models, and approaches taken for this evaluation.

The models used for this evaluation are peer reviewed models. The equations are derived, justified and
substantiated by peer reviewed literature as described in the respective user guides and associated user
guide appendices. The default values utilized in the model (and retained for this evaluation) are a
combination of central tendency and high-end estimates from both peer reviewed literature and the
Exposure Factors Handbook (U.S. EPA, 2011) providing a representative spectrum of modeling results.
Even though some values have high end values (like building size or ventilation rates), it should be
recognized that these parameters are correlated, and that “higher” building sizes or higher ventilation
rates would be expected to result in more mixing and dissipation leading to a lower exposure.

The data used in lieu of default values within the model are a combination of central tendency, and high-
end values from the Westat Survey, which was rated as a high-quality study as part of the systematic
review process. The twelve use scenarios evaluated for this evaluation aligned well with specific
scenarios within the Westat Survey, pre-defined model scenarios, and other approaches taken. The
deterministic approach taken for consumer exposure in this evaluation involved varying three
parameters that were either highly sensitive or representative of consumer use patterns or both. The three
parameters varied also provided a broad spectrum of consumer use patterns covering low, moderate, and
high intensity uses and therefore are not limited to a high-end, worst-case type situation or an upper
bounding estimate. Other aspects of the deterministic approach taken (like a single product used once
per day) may result in an underestimate of actual consumer exposure.
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2.5 Other Exposure Considerations

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

In developing the draft risk evaluation, EPA analyzed reasonably available information to ascertain
whether some human receptor groups may have greater exposure potential or susceptibility to NMP than
the general population. Because risk determinations were based on potential reproductive and
developmental effects of NMP exposure that may occur at sensitive lifestages, they account for risks to
susceptible subpopulations, including pregnant women, children, adolescents, and men and women of
reproductive age. It was assumed that exposures which do not result in unreasonable risks for this
population would also be protective of other populations because other health effects are expected to
occur at high levels of NMP exposure.

EPA estimated exposures to children who may be located near the consumer user at the time of use and
determined that these exposures were below the levels of concern identified for adverse developmental
effects and would therefore be below the levels of concern for other hazard effects that may be
associated with higher NMP exposure levels.

2.5.2 Aggregate and Sentinel Exposures
As a part of risk evaluation, Section 2605(b)(4)(F)(ii) of TSCA requires EPA to describe whether
aggregate or sentinel exposures were considered under the identified conditions of use and the basis for
their consideration. EPA has defined aggregate exposure as “the combined exposure to an individual
from a single chemical substance across multiple routes and multiple pathways.” (40 C.F.R. 702.33).
EPA defines sentinel exposure as “exposure to a single chemical substance that represents the plausible
upper bound relative to all other exposures within a broad category of similar or related exposures.” (40
C.F.R. 702.33). EPA considered sentinel exposure in the form of high-end estimates for consumer and
occupational exposure scenarios which incorporate dermal and inhalation exposure, as these routes are
expected to present the highest exposure potential based on details provided for the manufacturing,
processing and use scenarios discussed in the previous section. The exposure calculation used to
estimate dermal exposure to liquid is conservative for high-end occupational and consumer scenarios
where it assumes full contact of both hands and no glove use.
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3 HAZARDS

3.1 Environmental Hazards

3.1.1 Approach and Methodology

EPA identified environmental hazard data for NMP through an extensive literature search as described
in detail in Section 1.5 and depicted in Figure 1-8. This process was completed in 2019 as part of this
RE with a portion of the search completed in 2017 as part of the NMP problem formulation.

EPA in the NMP Problem Formulation (U.S. EPA, 2018c) did not conduct any further analyses on
pathways of exposure for terrestrial receptors in line with Section 2.5.3.1. The Problem Formulation did
not identify Environmental Hazards for either aquatic or terrestrial receptors. The analysis was based on
a qualitative assessment of the physical-chemical properties and fate of NMP in the environment and a
quantitative comparison of the hazards and exposures identified for aquatic organisms.

Subsequent to that analysis, an additional five “Key/Supporting” citations were identified by EPA after
review of the OECD HPV SIDS Document for NMP (OECD, 2009b). EPA obtained the full study
reports from the NMP Producer’s Group (BASF and GAF). As these studies raised concerns for
Environmental Hazards associated with NMP and aquatic receptors, a quantitative evaluation of hazards
to aquatic receptors is included as part of this RE. EPA conducted no further analyses of exposure and
hazards for terrestrial receptors and instead relied on the analyses conducted as part of the NMP Problem
Formulation.

3.1.2 Hazard ldentification

EPA quantitatively evaluated impacts to aquatic organisms, including fish, aquatic invertebrates and
algae from acute and chronic NMP releases to surface water. The hazard characterization for all
identified environmental hazard endpoints are summarized in Table 3-1. The environmental hazard data
were reviewed for acute and chronic exposure duration related endpoints (e.g., mortality, growth,
immobility, reproduction). No ecotoxicity studies were identified for sediment-dwelling organisms.

3.1.2.1  Toxicity Data for Aquatic Organisms
EPA evaluated four studies for NMP acute exposures for fish. The acute 96-hour LCso values reported
for fish range from >500 mg/L for the freshwater rainbow trout (Oncorhynchus mykiss) to 4,030 mg/L
for the freshwater orfe (Leuciscus idus).

For NMP acute toxicity data were evaluated for aquatic invertebrates for four species including the
freshwater water flea (Daphnia magna), the saltwater grass shrimp (Palaemonetes vulgaris), the
saltwater mud crab (Neopanope texana sayi), and the freshwater scud (Gammarus sp.) (GAF, 1979).
The results of these studies are summarized in Table 3-1 with more detail provided in Appendix G. The
48-hr ECso for NMP and D. magna is reported as 4,897 mg/L. The 96-hr LCsp ‘s for grass shrimp, mud
crab, and scud are reported as 1,107, 1,585 and 4,655 mg/L, respectively (GAF, 1979).
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For the fresh water green algae (Scenedesmus subspicatus), the 72-hr ECso values were 600 mg/L
(Biomass) and 673 mg/L (Growth rate) (BASE AG, 1989).

EPA evaluated one chronic toxicity study for NMP exposures for freshwater invertebrates (D. magna).
A 21-day study with D. magna reported reproductive effects for NMP with a No-Observed Effect
Concentration (NOEC) of 12.5 mg/L and a Lowest Observed Effect Concentration of 25 mg/L, resulting
in a calculated chronic toxicity value of 17.68 mg/L (geometric mean of NOEC and LOEC) (BASF AG
2001).

Chronic aquatic toxicity data are not available for NMP for fish. EPA estimated a chronic fish toxicity
value based on an acute to chronic ratio (ACR) approach extrapolating from the acute fish toxicity data.
The acute 96-hour LCso value for rainbow trout of >500 mg/L was divided by 10 resulting in an
estimated chronic fish toxicity value for NMP of >50 mg/L.

EPA evaluated one chronic aquatic toxicity study for aquatic plants. The green algae (Scenedesmus
subspicatus) was exposed to NMP for 72-hours. The NOEC value for NMP was reported at 125 mg/L
and the LOEC at 250 mg/L. EPA calculated a chronic toxicity value of 177 mg/L (geometric mean of
NOEC and LOEC) (BASF AG, 1989).
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Table 3-1. Aquatic Toxicity Data for NMP

Duration | Test Taxa | Endpoint | Hazard value* | Units Effec.t Reference
Endpoint
96-h (BASF AG, 1983)
Fish C our >500-4,030 mg/L | Mortality | (High): (BASF AG
50
1986)
Aquatic 48/96 hour Immobilizatio
Acute invertebrates | ECso/LCso 1,107-4,897 mg/L n/Mortality (GAF, 1979)
Algae 72-hour 600 (Biomass) mg/L Growth (BASF AG, 1989)
ECso 673 (Growth rate) !
. Estimated by dividing lowest reported
égﬁieer(r:]o(rggrg;atlon of >100 mg/L |acute value across test organisms (<500)
by an Application Factor (AF) of 5
Chronic Estimated by dividing lowest reported
Fish Value >50 mg/L |acute value for fish (>500) by an acute
(ChV) to chronic ratio of 10.
NOEC 12.5 (Reported) . .
Aquatic LOEC 25 (Reported) mg/L | Reproduction | (BASF AG, 2001)
invertebrates | Chronic 177 ma/L. Estimated by calculating the geometric
Chronic Value ' g mean of the NOEC and LOEC.
NOEC 125 (Reported)
LOEC 250 (Reported) mg/L Growth (BASF AG, 1989)
Algae - - - -
Chronic 177 ma/L Estimated by calculating the geometric
Value g mean of the NOEC and LOEC
Chronic Concentration of Lowest calculated or reported chronic
1.77 mg/L |value across taxa divided by an AF of
Concern (COC) 10

*Values in the tables are presented as reported by the study authors; Bold = experimental data

aReservation of Rights: BASF has agreed to share this toxicity study report ("Study Report") with US EPA, at its written
request, for EPA 's use in implementing a statutory requirement of the Toxic Substances Control Act ("TSCA "). Every other
use, exploitation, reproduction, distribution, publication or submission to any other party requires BASF's written permission,
except as otherwise provided by law. The submission of this Study Report to a public docket maintained by the United States
Environmental Protection Agency is not a waiver of BASF's ownership rights. No consent is granted for any other third-party
use of this Study Report for any purpose, in any jurisdiction. Specifically, and by example, no consent is granted allowing the
use of this Study Report by a private entity in requesting any regulatory status, registration or other approval or benefit,
whether international, national, state or local, including but not limited to the Regulation Evaluation Authorization and
Restriction of Chemicals ("REACH") regulation administered by European Chemicals Agency ("ECHA"), an agency of the
European Union.

3.1.2.2  Concentrations of Concern Calculation
Acute and chronic COCs were calculated for environmental toxicity of NMP using assessment factors.
EPA applied an assessment factor (AF) according to EPA methods (U.S. EPA, 2013b, 2012d). The
application of AFs provides a lower bound effect level that would likely encompass more sensitive
species not specifically represented by the available experimental data. AFs can also account for
differences in inter- and intra-species variability, as well as laboratory-to-field variability. These AFs are
dependent on the availability of datasets that can be used to characterize relative sensitivities across
multiple species within a given taxa or species group. However, they are often standardized in risk
assessments conducted under TSCA, since the data available for most industrial chemicals are limited.
For fish and aquatic invertebrates (e.g., daphnia) the acute toxicity values are divided by an AF of 5. For
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chronic COCs, an AF of 10 is used. The COC for the aquatic plant endpoint is determined based on the
lowest value in the dataset and application of an AF of 10 (U.S. EPA, 2013b, 2012d).

After applying AFs, EPA converts COC units from mg/L to pg/L (or ppb) in order to more easily
compare COCs to surface water concentrations during risk characterization.

Acute COC

To derive an acute COC for NMP, EPA used the lowest reported acute toxicity value across taxa (>500
mg/L) and divided by the AF of 10 and multiplied by 1,000 to convert from mg/L to ug/L, or ppb.

The acute COC = (>500 mg/L) / AF of 5 =100 mg/L x 1,000 = 100,000 pg/L or ppb.

e The acute COC for NMP is 100,000 ppb.

Chronic COC

The chronic COC for NMP was derived by EPA by dividing the aquatic invertebrate 21-day chronic
toxicity value of 17.7 mg/L (1,768 pg/L) by an assessment factor of 10.

The acute COC = (17.7 mg/L) / AF of 10 = 1.77 mg/L x 1,000 = 1,770 pg/L or ppb.

e The chronic COC for NMP is 1,770 ppb.

3.1.2.3  Toxicity to Soil/Sediment and Terrestrial Organisms

EPA did not further evaluate in this RE exposure pathways (and hazards) associated with NMP in
sediments and soils based on analyses completed as part of the NMP Problem Formulation (U.S. EPA
2018c).

3.1.3 Weight of Scientific Evidence

During the data integration stage of EPA’s systematic review for risk evaluation, EPA analyzed,
synthesized, and integrated the data/information. This involved weighing scientific evidence for quality
and relevance, using a Weight of Scientific Evidence (WOE) approach (U.S. EPA, 2016). In the June
2018 Problem Formulation for N-Methylpyrrolidone (NMP) (U.S. EPA, 2018c), seven studies were
used to conduct a basic screening-level characterization the environmental hazards of NMP. At the time
of the problem formulation, none of these studies identified during the literature search or ECHA
summaries had been evaluated according to the systematic review criteria. Since the NMP Problem
Formulation (U.S. EPA, 2018c) these studies have been evaluated according to the systematic review
criteria in The Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a).

While EPA determined that there were enough environmental hazard data to characterize environmental
hazards of NMP, there are uncertainties. First, assessment factors (AFs) were used to calculate the acute
and chronic concentrations of concern for NMP. AFs account for differences in inter- and intra-species
variability, as well as laboratory-to-field variability and are routinely used within TSCA for assessing
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the hazard of new industrial chemicals (with very limited environmental test data). Some uncertainty
may be associated with the use of the specific AFs used in the hazard assessment.

Second, more acute duration data were available in the literature than chronic duration data. Therefore,
EPA is less certain of chronic hazard values than the acute hazard values. The most sensitive taxonomic
group from the acute duration data, aquatic invertebrates, has chronic duration data available in the
literature. Because the chronic fish data were not available, the chronic fish endpoint was addressed
using the acute to chronic ratio (AF=10). The fish chronic toxicity value was estimated to be >50 mg/L.

3.1.4 Summary of Environmental Hazard

The acute 96-hour LCso values for fish range from >500 mg/L to 4,030 mg/L. The acute ECso/LCso for
aquatic invertebrates range from 1,107 mg/L to 4,897 mg/L. For fresh water green algae, the 72-hr
ECso values were 600 mg/L (Biomass) and 673 mg/L (Growth rate). EPA calculated the acute COC to
be 100,000 pg/L (10 mg/L).

For the chronic fish endpoint, an acute to chronic ratio (ACR) approach was used to extrapolate a
chronic toxicity value for NMP for fish based on the reported acute values. EPA calculated a chronic
fish toxicity value for NMP of >50 mg/L using an ACR of 10 and the lowest reported acute toxicity
value of >500 mg/L. For the aquatic invertebrate endpoint, a 21-day chronic toxicity value of 17.68
mg/L was calculated for NMP based on reproduction (geometric mean of the reported NOEC of 12.5
mg/L and LOEC of 25 mg/L). For the chronic aquatic plant endpoint, a 72-hour chronic toxicity value
of 177 mg/L was calculated for NMP based on growth inhibition (geometric mean of the reported
NOEC of 125 mg/L and the LOEC of 250 mg/L). EPA calculated the chronic COC 1,770 pg/L (1.77
mg/L).

The aquatic toxicity studies used to characterize the effects of acute and chronic NMP exposure to
aquatic invertebrates are summarized in Table 3 1.

3.2 Human Health Hazards

3.2.1 Approach and Methodology
EPA identified hazard data for NMP through an extensive literature search as described in EPA’s
Strategy for Conducting Literature Searches for NMP: Supplemental Document to the TSCA Scope
Document (U.S. EPA, 2017d). Only the identified “on-topic” references (as explained in the N-
Methylpyrrolidone (CASRN 872-50-4) Bibliography: Supplemental File for the TSCA Scope Document
(U.S. EPA, 2017b)) obtained from the human health hazard literature search were considered as relevant
data/information sources for consideration in this draft risk evaluation of NMP. EPA’s inclusion criteria
were used to screen the initial literature search results (n = 1,397); 1,361 references were excluded based
on PECO. In addition, three key/supporting studies were identified outside of this process and included
in the current evaluation. The remaining hazard studies (n=36) were then evaluated using the data
quality evaluation criteria for human health hazard studies as outlined in The Application of Systematic
Review in TSCA Risk Evaluations (U.S. EPA, 2018a). The hazard data determined to be acceptable
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based on this data quality review were extracted and integrated. This systematic review process is
summarized in Figure 3-1.

The human health hazard of NMP has been examined in several publications (EC, 2016; Danish
Ministry of the Environment, 2015; U.S. EPA, 2015; NICNAS, 2013; OECD, 2009b; U.S. EPA, 2006b;
WHO, 2001). EPA relied heavily on the hazard information presented in these documents to inform the
human health hazard identification and the dose-response analysis. EPA also evaluated studies that were
published since these reviews during the analysis phase of the risk evaluation, as identified in the
literature search conducted by the Agency for NMP (NMP (CASRN 872-50-4) Bibliography:
Supplemental File for the TSCA Scope Document (U.S. EPA, 2017e).

Brief summaries for each hazard endpoint are presented in Section 3.2.3. Detailed information about
study quality review for study selection is provided in Section 1.5.1. Developmental and reproductive
toxicity endpoints were evaluated for consistency, sensitivity and relevance (Section 3.2.3). Based on
the conclusions of previous assessments and a review of available studies, EPA narrowed the focus of
the NMP hazard characterization to specific reproductive and developmental toxicity endpoints, reduced
fertility, including fetal resorptions (mortality) and growth retardation. EPA conducted a dose-response
assessment for these endpoints (Section 3.2.5), using benchmark dose analysis and PBPK model
estimates of internal doses (Section 3.2.5.6) to select points of departure (POD) for use in the risk
evaluation (Section 4.2).

EPA considered new (on-topic) studies with information on acute and non-cancer endpoints for hazard
identification and dose-response analysis if the study received an overall data quality rating of high,
medium, or low as described in the Application of Systematic Review in TSCA Risk Evaluations (U.S.
EPA, 2018a). EPA has not developed data quality criteria for all types of relevant information (e.g.,
toxicokinetic data); however, this information was used to support the risk evaluation. Information that
was rated unacceptable was not included in the risk evaluation. The human health hazard data used to
characterize the effects of acute and chronic NMP exposure to humans are summarized in Table
3-12.Table 3-10. Additional information on the human health hazard endpoints considered during hazard
identification, are provided in Appendix H. The comprehensive results of the study evaluations can be
found in NMP (872-50-4) Systematic Review: Supplemental File for the TSCA Risk Evaluation
Document (EPA-HQ-OPPT-2019-0236).

The human health hazard information was integrated using a strategy that includes consideration of the
weight of the scientific evidence for each hazard endpoint to select the data used for dose-response
assessment. The weight of scientific evidence analysis included integrating information from
toxicokinetics and toxicodynamics in relation to the key hazard endpoints which include reproductive
and developmental toxicity. Dose-response analyses that were performed using benchmark dose
modeling in the previous assessment of NMP use in paint and coating removal (U.S. EPA, 2015) were
incorporated where appropriate (see Section 3.2.5). Additional benchmark dose modeling was conducted
for the current risk evaluation to include data on reproductive toxicity that was previously unavailable to
EPA.

Studies that met the evaluation criteria and were rated low, medium, or high were considered for hazard
identification and dose-response analysis as described in the Application of Systematic Review in TSCA
Risk Evaluations (U.S. EPA, 2018a). EPA has not developed data quality criteria for all types of hazard
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information such as toxicokinetic data; however, this information is used to support the NMP risk
evaluation.

Studies considered PECO relevant that scored acceptable in the systematic review data quality
evaluation and contained adequate dose-response information were considered for derivation of points
of departure (PODs). EPA defines a POD as the dose-response point that marks the beginning of a low-
dose extrapolation. This point can be the lower bound on the extrapolated dose for an estimated
incidence, a change in response level from a dose-response model (e.g., benchmark dose or BMD), a
NOAEL value, a lowest-observed-adverse-effect level (LOAEL) for an observed incidence, or a change
in the level (i.e., severity) of a given response. PODs were adjusted as appropriate to conform to the
specific exposure scenarios evaluated.

Human Health Hazard Assessment Risk Characterization
Data Evaluation Data Data Integration Risk Characterization
After full-text screening, Extraction Integrate hazard information by considering quality (i.e., Analysis
apply pre-determined data Extract data from strengths, limitations), consistency, relevance, coherence and Determine the qualitative
quality evaluation criteria key, supporting biological plausibility and/or quantitative human
Systematic to assess confidence in and new studies health risks and include, as
Review key and supporting studies ——> Hazard 1D ——>| appropriate, a discussion of:

A . Dose-Response
Stage identified from previous

assessments as well as
new studies not
considered in previous
assessments

Confirm potential
hazards identified
during
scoping/problem
formulation and
identify new hazards
from the literature (if
applicable)

Analysis
Benchmark dose
modeling for
endpoints with
adequate data;
Selection of PODs

* Uncertainty and variability
* Data quality

* PESS

« Alternative interpretations

Data Summaries Risk Estimates
and
Uncertainties
(Sections 4.1

through 4.3)

Study Quality
Output of
Systematic Summary Table
Review
Stage

WOE Narrative
by Adverse
Endpoint
(Section 3.2.4)

Summary of
Results and
POD selection
(Section 3.2.5)

for Adverse
Endpoints
(Appendix H.1)

(High, Medium,
Low)
(Section 3.2.3)

Figure 3-1. Summary of NMP Systematic Review

3.2.2 Toxicokinetics

NMP is readily absorbed by all routes with widespread distribution via the systemic circulation and
extensive first pass metabolism to polar compounds that are excreted primarily in urine (Akesson et al.,
2004; Ligocka et al., 2003; Akesson and Paulsson, 1997). The major metabolites of NMP in humans are
5-hydroxy-N-methyl-2-pyrrolidone (5-HNMP) and 2-hydroxy-N-methylsuccinimide (2-HMSI); minor
metabolites include N-methyl-succinimide (MSI). Over 80% of the administered dose is excreted within
72 hours (Akesson et al., 2004; Akesson and Paulsson, 1997).

Dermal contact with NMP liquids generally presents the greatest potential for human exposure;
however, vapor-through skin uptake has also been demonstrated in humans (Akesson et al., 2004;
Jonsson and Akesson, 2003). Bader et al. (2008) exposed human volunteers to an NMP air concentration
of 80 mg/m? for 8 hours and estimated peak concentrations following dermal-only exposure to be in the
range of 36 to 42% of the results obtained after whole-body exposure based on NMP equivalents in
urine (See Section 3.2.5.5).
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3.2.3 Hazard ldentification
Previous assessments (EC, 2016; Danish Ministry of the Environment, 2015; U.S. EPA, 2015; NICNAS,
2013; OECD, 2009b; U.S. EPA, 2006b; WHO, 2001) have identified reproductive and developmental
toxicity as the most sensitive effects of NMP. EPA therefore focused this risk evaluation on reproductive
and developmental effects. This section summarizes evidence for reproductive and developmental
hazards as well as a broader range of potential non-cancer and cancer health hazards.

A comprehensive set of summary tables which includes all endpoints considered for this assessment
may be found in Appendix H. EPA reviewed the available data and key and supporting studies were
evaluated for consistency and relevance to humans, according to the Application of Systematic Review in
TSCA Risk Evaluations (U.S. EPA, 2018a). The results of the data quality evaluation for the non-cancer
studies (key and supporting studies and new studies) are described below in Section 3.2.3.1 and included
in the data quality evaluation tables in the Systematic Review Supplemental File: Data Quality
Evaluation of Human Health Hazard Studies. Docket EPA-HQ-OPPT-2019-0236 (U.S. EPA, 2019m).

3.2.31 Non-Cancer Hazards

Toxicity following Acute Exposure

The acute toxicity of NMP is low based on results from studies conducted via oral, dermal, inhalation,
intraperitoneal and intravenous exposure in rats and mice (RIVM, 2013; OECD, 2007b; WHO, 2001).
Oral LDso values ranged from 3605 to 7725 mg/kg-bw, dermal LDso values ranged from 5000 to 7000
mg/kg-bw and the 4 hr LCso was > 5100 mg/m3 (RIVM, 2013). Sublethal effects observed in response to
single high doses include body weight gain in rats exposed to 5.1 mg/L of a vapor/aerosol mixture, and
ataxia and diuresis in rats exposed orally to 1/8 of the LDso (OECD, 2007).

Irritation and Sensitization

NMP is a skin, eye and respiratory irritant (RIVM, 2013; WHO, 2001). For example, a rabbit 28-day
dermal exposure study with rabbits exposed to 413, 826, or 1653 mg/kg/day once a day, five days a
week for four weeks resulted in local skin irritation at all doses tested (OECD, 2007b; WHO, 2001).
Rabbits receiving a single application of 0.1 ml NMP to one eye experienced corneal opacity, iritis, and
conjunctivitis. Effects were reversible within 14 days (OECD, 2007). Nasal irritation (crust formation on
nasal edges) was observed in rats exposed to 1, or 3 mg/L for 6 hours a day five days a week for three
months. The inhalation study identified a NOAEC of 0.5mg/L (BASF AG, 1994, as cited by OECD
2007).

Human volunteer chamber studies revealed some discomfort during exposure but are otherwise
suggestive of humans being less sensitive to NMP irritation than rodents (RIVM, 2013). Workers
exposed to NMP dermally experienced skin irritation (Leira 1992 as cited by (OECD, 2007b)). No
respiratory irritation was reported in workers and volunteers exposed via inhalation to up to 50mg/m3
for 8 hours ((Akesson and Jonsson, 1997); NMP Producers Group 2005 as cited by (OECD, 2007b).
NMP is not corrosive. Although, available results suggest NMP is not a sensitizer (RI\VM, 2013) data
are too limited to draw conclusions on sensitization.

Neurotoxicity

A small number of studies noted effects related to neurotoxicity. A RIVM report highlights a 90-day
oral repeat dose study in rats with a neurotoxicity screening panel that identified NOAELSs of 169 and
217 mg/kg-bw/day for males and females, respectively, based on decreased body weight in both males
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and females and reversible neurological effects (including increased foot splay and low arousal) in males
only (RIVM, 2013; Malley et al., 1999).

In a rat study, whole body exposure to 0.1, 0.5, and 1.0 mg/L (25, 125, or 250 ppm, aerosol) 6 hours/day
five times a week for four weeks was associated with lethargy and irregular respiration at all
concentrations. These signs were reversible within 30-45 minutes following exposure at the two lower
concentrations. Rats in the highest dose group had excessive mortality. Lethargy and irregular
respiration were not reversed in most surviving animals in the high dose group 18 hours after exposure
had ceased (Lee et al., 1987). The actual exposure concentrations in this study cannot be determined due
to aerosol formation and condensation.

In a gestational exposure study by Lee et al. (1987) rats were exposed to an NMP aerosol concentration
of 100 and 360 mg/m? (analytical) for six hours/day from GD 6 through 15. Sporadic lethargy and
irregular respiration were observed in treated dams at both exposure levels during the first three days of
exposure. These effects were not seen during the remainder of the exposure period or during the 10-day
recovery period.

Developmental neurotoxicity endpoints have also been evaluated. Hass et al. (1994) investigated the
effects of NMP on postnatal development and behavior in rats exposed during gestation. Dams were
exposed by whole-body inhalation to measured levels of 151 ppm (612 mg/m?®) for six hrs/day from GD
7 to 20 and offspring were evaluated for a range of growth, development, and neurobehavioral endpoints
from PNDL1 through 7 months of age. Performance was impaired in certain more complex tasks (i.e.,
reversal procedure in Morris water maze and operant delayed spatial alternation). The impaired
performance may be associated with decreased body weight at weaning. As the authors noted, the effect
appeared most pronounced in offspring with the lowest body weights in the litter at weaning. Since only
one dose was used, a NOAEL could not be established. This study was excluded by the systematic
review process and did not go through data quality evaluation because it only used a single dose. It is
discussed here because it was cited as a supporting study in a previous EPA assessment (U.S. EPA
2015), and it provides information about neurodevelopmental endpoints that have not been evaluated in
any other studies.

Liver Toxicity

A chronic oral exposure study reported effects on the liver following oral exposure to NMP in rats and
mice. Chronic oral exposure in rats was associated with centrilobular fatty change in the liver in males
but not in females. This study identified a LOAEL of 678 mg/kg/day and a NOAEL of 207 mg/kg for
liver toxicity in male rats (Malley et al., 2001). In mice, significantly increased liver weights as well as
cellular alterations in the liver were reported in both male and female mice following oral exposure. The
authors reported a LOAEL of 173 mg/kg/day and NOAEL of 89 mg/kg/day for liver toxicity in male
mice (Malley et al., 2001). A sub-chronic 90-day oral exposure study in rats and mice at higher doses
found no effect on the liver (Malley et al., 1999) while a four-week oral exposure study found increased
incidence of centrilobular hepatocellular hypertrophy in addition to increase serum total protein and
albumin in female rats exposed to 2268 mg/kg/day (Malek et al., 1997).

Kidney Toxicity
Chronic progressive nephropathy was reported in male but not female rats following chronic oral
exposure to 678 mg/kg-bw/day (Malley et al., 2001). No kidney toxicity was observed in male or female
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mice in this study (Malley et al., 2001). The study identified a NOAEL of 207 mg/kg/day based on
kidney toxicity in male rats. Another study evaluated renal endpoints following four weeks of oral
exposure in mice. Dark yellow urine was observed in all animals at 2970 and 4060 mg/kg-bw/day.
Cloudy swelling of the distal renal tubule was observed in 3/5 females at 4060 mg/kg-bw/day. This
study identified a NOAEL for renal effects of 920 mg/kg-bw/day in females and 720 in males (BASF,
1994). A separate oral exposure study in which male rats received 500 mg/kg/day five days a week for
five weeks reported decreased creatinine. The NOAEL for decreased creatinine in male rats this study
was 250 mg/kg/day (Gopinathan et al., 2013). This study also reported observations of mottled kidneys
in treated rats at all doses, but a lack of incidence data for this endpoint in each dose group prevents
identification of a NOAEL or LOAEL for renal effects.

Immune Toxicity

A whole-body inhalation study in rats, which likely included dermal and oral uptake through grooming,
identified bone marrow hypoplasia, necrosis of lymphoid tissue in the thymus, spleen and lymph nodes,
as well as mortality at the highest dose (RIVM, 2013). The NOAEC for immune effects and for other
systemic effects in this study was 500 mg/m? (R1VM, 2013; OECD, 2007b). In a four-week oral
exposure study, thymic atrophy was observed in female rats exposed to 2268 mg/kg-bw/day. The
NOAEL for thymus effects in this study was 1548 mg/kg/day (Malek et al., 1997).

Developmental Toxicity

There is robust evidence of developmental toxicity in animals exposed to NMP. Developmental
inhalation, oral and dermal exposures to NMP have been linked to a range of developmental effects,
including decreased fetal and pup weights and increased fetal and pup mortality (Sitarek et al., 2012;
NMP Producers Group, 1999a; Hass et al., 1994), skeletal malformations, and incomplete skeletal
ossification (Saillenfait et al., 2002; DuPont, 1990; Becci et al., 1982). Most of the available
developmental toxicity studies for NMP were performed in rats. OECD and RIVM assessments also
describe rabbit developmental studies that reported developmental toxicity, including increased
resorptions and fetal malformations following gestational exposure to NMP in rabbits (RIVM, 2013;
OECD, 2007b).

Effects on postnatal neurological behavior were reported following whole-body inhalation exposure to
151 ppm (612 mg/m®) NMP during gestation (Hass et al., 1994). However, because behavioral effects
were only evaluated at this single exposure level, no NOAEL has been identified for developmental
neurotoxicity and dose-response for this endpoint cannot be characterized.

Evidence of developmental toxicity and dose-response information from studies identified as acceptable
in the systematic review process is summarized in Table 3-2 and discussed in depth in Sections 3.2.4
and 3.2.5.

Reproductive Toxicity

Reproductive toxicity endpoints that have been observed following repeated exposure to NMP include
reduced male fertility and female fecundity and testicular histopathology. Evidence of reproductive
toxicity is inconsistent across studies. For example, three oral exposure studies in rats, including a
paternal exposure study, a maternal exposure study, and a two-generation study in both sexes (Sitarek et
al., 2012; Sitarek and Stetkiewicz, 2008; Exxon, 1991) report reduced male and/or female fertility in
response to NMP. Three other two-generation studies in rats failed to identify any effect on fertility.
Two of these studies are two-generation dietary exposure studies in rats (NMP Producers Group, 1999a,
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b) with dose levels and study designs similar to the Exxon (1991) study. EPA does not have complete
access to the data from these studies and is therefore unable to assess data quality. The third study is a
two-generation whole-body inhalation exposure study (Solomon et al., 1995) that deviates substantially
from EPA and OECD guidelines. In addition, several oral exposure studies have reported effects on
testicular histopathology in male rats (Sitarek and Stetkiewicz, 2008; Malley et al., 2001; Malek et al.,
1997), while several others find no effect (Malley et al., 1999; Becci et al., 1983; DuPont, 1982).

Evidence of reproductive toxicity is summarized in
Table 3-3 and discussed in depth in Sections 3.2.4 and 3.2.5. Reproductive toxicity findings are

challenging to interpret due to the wide-ranging effect levels and the lack of consistency in findings
across studies. While developmental effects are more consistently reported across studies, reductions in
fertility have been reported at lower doses than developmental effects following repeated exposures.

Table 3-2. Acceptable Studies Evaluated for Developmental Effects

Data
Data Quality
Source Study Description Effects reported; POD Rating
Oral Exposure Studies
(Sitarek Oral gavage exposure (0, 100, Reduced viability of offspring in first
300, 1000 mg/kg-bw/day) 5 . .
and : four days of life following paternal .
— . days/week for 10 weeks in male , _ High
Stetkiewicz ) exposure to 300 mg/kg/day; NOAEL =
rats before mating and for one
, 2008) . . 100 mg/kg-bw/day
week during mating
Oral gavage exposure (0, 150, Number of live pups was reduced at
. 450, 1000 mg/kg-bw/day) for 5 1000mg/kg-bw/day; Pup survival
(Sitarek et | 4 shweek f ks in femal decreased in all - igh
al., 2012) ays/week for 2 weeks in female ecreased in all exposure groups; Hig
B rats prior to mating, during LOAEL for pup survival = 150 mg/kg-
mating, gestation and lactation bw/day
Increased resorptions/ post-implantation
(Saillenfait Oral gavage exposure (0, 125, losses and increased skeletal
“etal. 250, 500, 750 mg/kg-bw/day) malformations; NOAEL for Hiah
20—02'5 through gestational days (GD) 6- developmental effects = 125 mg/kg- g
7 N 20 in rats bw/day; NOAEL for maternal toxicity =
250 mg/kg-bw/day
Two-generation oral dietary
exposure (50, 160, 500 mg/kg- | Reduced pup survival and growth at 500
(Exxon, bw/day) in male and female rats mg/kg-bw/day; NOAEL for High
1991) exposed prior to mating, developmental effects = 160 mg/kg- g
throughout gestation and bw/day
lactation
Reduced fetal body weights, reduced
ossification sites in proximal phalanges
(Exxon, L%Balrﬁal\((aqgvev);gss)u '[ﬁr(odruo’hl?[’) of the hindpaw, and reduced maternal Hiah
1992) g 96_15 inyrats g body weight gain at 400 mg/kg-bw/day; g
NOAEL for maternal and developmental
effects = 125 mg/kg-bw/day
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during mating, gestation and
lactation

Data
Data Quality
Source Study Description Effects reported; POD Rating
Inhalation Exposure Studies
Reduced maternal weight gain and food
. y
(Saillenfait | Inhalation exposure (0, 122, 243, c],;onslump_tlﬁn at 243 mg/rr; ' Reduceq
etal., 487 mg/m?) for 6 hours/day on etal weight at 487 mg/m exp_osure, High
2003) GD 6-20 in rats NOAEL for maternal effects= 122
= mg/m*; NOAEL for developmental
effects= 243 mg/m®
Inhalation exposure (0, 42, 206,
(Solomon 472 mg/m?) for 6 hours/day Decreased fetal body weights and
etal., throughout mating period (100 decreased offspring weights; decreased
1995; exposure days) in male rats, and | maternal response to auditory stimulus at High
DuPont throughout gestation and the highest dose; NOAEL for maternal
1990) weaning, except GD 20 — PND 4 | and developmental effects = 206 mg/m?®
(143 exposure days) in females
No effects reported on uterine or litter
(Lee etal Inhalation exposure (100 or 360 _ parameters, fetal weight or length, or _
W mg/rT_l3) for 6 hours/dt_ay on |nC|dence_ of gross, soft tissue, or skeletal | Medium
— gestational days 6-15 in rats anomalies; NOAEL for maternal and
developmental effects = 360 mg/m?
Dermal Exposure Studies
Decreased number of live fetuses per
_ Dermal exposure (75, 237, 750 <_jam, increased percentage Qf resorption
(Becci et . sites and skeletal abnormalities as well as .
mg/kg-bw/day) on gestational R Medium
al., 1982) days 6-15 in rats maternal toxicity indicated by reduced
body weight gain at the highest dose;
NOAEL = 237 mg/kg-bw/day
Table 3-3. Acceptable Studies Evaluated for Reproductive Effects
Data
Data Quality
Source Study Description Effects reported; POD Rating
Oral Exposure Studies
(Sitarek Oral gavage exposure in male I\/Ia_le infertility, d_am_age to semini_fero_us
“and rats (0, 100, 300, 1000 mg/kg- eplthgllum_and significant reduction in _
Stetkiewic bw/day)_5 days/wgek for 10 thyroid weight at 1000 mg/_kg-bw/day; High
TOOS) weeks prior to mating and for NOAEL for male reproductive effects =
e one week during mating 300 mg/kg-bw/day
Oral gavage exposure (0, 150,
450, 1000 mg/kg-bw/day) for 5 Significant reduction in female fertility
(Sitarek et days/week for 2 weeks in index at 450 or 1000 mg/kg-bw/day; High
al., 2012) female rats prior to mating, NOAEL for female fertility = 150 mg/kg-

bw/day
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Data
Source

Study Description

Effects reported; POD

Data

Quality
Rating

(Exxon,
1991)

Two-generation oral dietary
exposure (50, 160, 500 mg/kg-
bwi/day) in male and female
Sprague-Dawley rats exposed
prior to mating, throughout
gestation and lactation

Reduced male fertility and female
fecundity in second generation rats
(exposed throughout development and
prior to mating) at all doses; LOAEL=50
mg/kg-bw/day; NOAEL not identified

High

(Becci et
al., 1983)

Oral dietary exposure (0, 24,
75, 246 mg/kg-bw/day in males;
0, 24, 76, 246 mg/kg-bw/day in

females) for 13 weeks in male
and female beagle dogs

No effects on reproductive organ weights;
NOAEL for reproductive effects = 246
mg/kg-bw/day

High

(Malek et
al., 1997)

Oral dietary exposure (0, 2000,
6000, 18000 or 30,000 ppm; O,
149, 429, 1234, 2019 mg/kg-
bw/day) for four weeks in male
rats

Decreased body weight and altered testes
and liver weights observed at 1234 mg/kg-
bw/day and above. Degeneration/atrophy
of testicular seminiferous tubules were
observed 1/5 males at 1234 mg/kg-bw/day
and in 5/5 at 2019 mg/kg-bw/day; NOAEL
for reproductive effects = 429 mg/kg-
bw/day

High

(Malley et
al., 1999)

Oral dietary exposure (0, 3000,
7500 or 18,000 ppm) for 90
days in male rats (0, 169, 433,
1057 mg/kg-bw/day) and
female rats (0, 217, 565, 1344
mg/kg-bw/day); oral dietary
exposure (0, 1000, 2500, or
7500 ppm) for 90 days in mice
(0, 277, 619, 1931 mg/kg-
bw/day)

No effect on reproductive organ weights.
NOAEL in rats = 1057 mg/kg-bw/day;
NOAEL in mice = 1931 mg/kg-bw/day

High

(Malley et
al., 2001)

Chronic dietary oral exposure in
rats (0, 1