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NOAEL No-observed-adverse-effect level

NRC National Research Council

NTP National Toxicology Program

OCSPP Office of Chemical Safety and Pollution Prevention
OECD Organization for Economic Cooperation and Development
OEHHA Office of Environmental Health Hazard Assessment
OEM Original Equipment Manufacturing

OPPT Office of Pollution Prevention and Toxics

OSHA Occupational Safety and Health Administration
PMN Premanufacture Notification Program

PBPK Physiologically-based pharmacokinetic

PEL Permissible exposure limit

PFT Perfluorocarbon tracer

POD Point of departure

ppb parts per billion

ppm Parts per million

psi Pound per square inch

Q Compartment ventilation rate or air flow rate in and out of the chamber
RAD Risk Assessment Division

RCRA Resource Conservation and Recovery Act
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REL
RfC
RIA
ROH
RTECS
SCG
SDWA
SIC
SMAC
SNAP
SRC
STEL
sq ft

t

TLV
TOXLINE
TRI
TSCA
TSCATS
TWA
UF
UFa
UFp
UFu
UF.
UFtotal

US or U.S.

UK
\"
VOC
wt
WYy

yr

Reference exposure level

Reference concentration
Regulatory impact analysis

Rest of the house

Registry of Toxic Effects of Chemical Substances
The Scientific Consulting Group, Inc.
Safe Drinking Water Act

Standard Industry Classification
Spacecraft maximum allowable concentration
Significant New Alternatives Policy
Syracuse Research Corporation
Short-term exposure limit

Square foot (feet)

Time

Threshold limit value

Toxicology Literature Online

Toxics Release Inventory

Toxic Substances Control Act

Toxic Substance Control Act Test Submission Database
Time-weighted average
Uncertainty factor

Interspecies uncertainty factor
Database uncertainty factor
Intraspecies uncertainty factor
LOAEL-to-NOAEL uncertainty factor
Total uncertainty factor

United States

United Kingdom

Volume

Volatile organic compound

Weight

Working years

Year(s)
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EXECUTIVE SUMMARY

As a part of the Environmental Protection Agency’s (EPA) comprehensive approach to enhance
the Agency’s existing chemicals management, in March 2012 EPA identified a work plan of
chemicals for further assessment under the Toxic Substances Control Act (TSCA)L. The Agency is
performing risk assessments on chemicals in the work plan. If an assessment identifies
unacceptable risks to humans or the environment, EPA will pursue risk management.
Methylene chloride (also called dichloromethane or DCM) was assessed as part of the work
plan.

DCM is a volatile organic compound (VOC) that is used as a solvent in a wide range of industrial,
commercial and consumer use applications, such as adhesives, paint stripping, pharmaceuticals,
metal cleaning, chemical processing, and aerosols. It is the primary ingredient in many paint
stripping products. The 2012 Chemical Data Report (CDR) indicated 261.5 million pounds of
DCM were produced and imported into the U.S. with industry estimated domestic demand in
2010 of 181 million pounds.

EPA/OPPT identified DCM for further evaluation based on its likely carcinogenic properties in
humans, high potential for human exposure as it is widely used in consumer products, and
reported releases to the environment. For instance, DCM has been detected in drinking water,
indoor environments, ambient air, groundwater and soil.

Main Conclusions of this Risk Assessment

This risk assessment identifies cancer risk concerns and short-term and long-term non-cancer
risks for workers and “occupational bystanders” (other workers within the facility who are
indirectly exposed) from the use of DCM-containing paint strippers.

The assessment also identifies short-term non-cancer risks for consumers and residential
bystanders from the use of DCM-containing paint strippers.

The Focus of this Risk Assessment

This assessment characterizes human health risks from inhalation exposures to DCM for the
paint stripping uses. Other uses were considered during problem formulation, but not selected
for further risk analysis. Additional information is provided in the risk assessment regarding the
criteria for inclusion and exclusion of uses and the various assumptions in applying these
criteria.

The main route of exposure for DCM is believed to be inhalation for the paint stripping uses.
EPA/OPPT recognizes that highly volatile compounds such as DCM may also be absorbed

! http://www.epa.gov/oppt/existingchemicals/pubs/workplans.html
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through the skin. However, EPA has neither the data nor the methodology to estimate DCM
dermal exposure. Based on the physical-chemical properties of DCM and the scenarios
described in this assessment, EPA/OPPT believes that inhalation is the main exposure pathway
for this risk assessment. The assessment may underestimate total exposures to DCM during
paint stripping due to this assumption.

An assessment of environmental effects is not included in this risk assessment. Based on DCM’s
moderate persistence, low bioaccumulation, and low hazard for aquatic toxicity, potential
environmental impacts are judged to be low for the environmental releases associated to the
TSCA uses under the scope of this risk assessment. That judgment should not be misinterpreted
as a determination that DCM water and soil contamination is likely low. In fact, DCM has been
detected in drinking water, groundwater and soil, and EPA is committed to reducing the
presence of DCM in the environment through various regulatory programs (see section 1.1.2.2
for a summary of EPA’s regulatory history on DCM).

Human Populations Targeted in This Assessment

EPA/OPPT assessed acute and chronic risks for workers using paint strippers containing DCM.
EPA/OPPT assumes that workers would be adults of both sexes (>16 and older, including
pregnant workers) based upon occupational work permits, although exposures to younger
workers in occupational settings cannot be ruled out. Data sources did not often indicate
whether exposure concentrations were for occupational users or bystanders. Therefore,
EPA/OPPT assumed that occupational exposures were for a combination of users and
bystanders.

EPA/OPPT also examined acute risks for consumer exposures in residential settings. EPA/OPPT
assumes that consumers would be adult individuals (>16 and older; both sexes including
pregnant women) that intermittently use DCM for paint stripping projects, although exposures
to younger users may be possible in residential settings. Bystanders would be individuals of any
age group (e.g., children, adults, the elderly) who are in a nearby area during product
application.

In either occupational or consumer setting, EPA/OPPT assumes that direct contact or close
proximity to the use would likely provide the highest exposures to DCM (i.e., for a consumer or
commercial application with substantial frequency or duration of exposure).

Workplace Exposures for Workers Using DCM-Based Paint Strippers

The estimation of occupational exposures to DCM relied upon published air monitoring data for
industries that use DCM-based paint strippers. These data and different combinations of days
per year of exposure (frequency), years of exposure (working lifetime), and respirator use and
effectiveness (assigned protection factors) were used to develop a variety of hypothetical
occupational scenarios.
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Acute risks were estimated from the 8-hour DCM air concentrations reported in the
occupational monitoring data. Chronic risks were based on non-cancer and cancer inhalation
exposure estimates calculated for various industries, as expressed as average daily
concentration (ADC) or lifetime average daily concentration (LADC), respectively. Table ES-1
summarizes the ranges of DCM exposures estimates for the various occupational scenarios
assessed in the risk assessment. These scenarios were developed to account for variations in
the use of respirators, exposure frequency, and working years for workers handling DCM-based
paint strippers.

Due to a lack of data, ADC and LADC estimates could not be made for the bathtub refinishing
sector. However, this sector is discussed in Appendix G since a number of deaths may be
attributed to use of DCM-based strippers for refinishing bathtubs.

Table ES 1. Ranges of DCM Occupational Exposure Estimates Used in the Risk Assessment

Based on Monitoring Data

Range for acute ADC range: LADC range:
8-hr concentration: Non-Cancer Effects Cancer Effects
Scenario 1->4 Following Chronic Following Chronic
(mg/m3) Exposure Exposure
Industry
Scenarios 1->16 Scenarios 1->16
(mg/m3) (mg/m?)
LOW-END | HIGH-END | LOW-END | HIGH-END | LOW-END | HIGH-END
ESTIMATE | ESTIMATE ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE
Professional Contractors 1.2 2,980 0.07 680 0.04 389
Automotive Refinishing 1.8 416 0.1 95 0.06 54
Furniture Refinishing 0.08 2,245 0.005 513 0.003 293
Art Restoration and 0.04 2 0.003 0.5 0.002 0.3
Conservation
Aircraft Paint Stripping 1.7 3,802 0.1 868 0.06 496
Graffiti Removal 0.4 1,188 0.02 271 0.01 155
Non-Specific Workplace 0.7 7,000 0.04 1,598 0.02 913
Settings — Immersion
Stripping of Wood
Non-Specific Workplace 13 1,017 0.7 232 0.4 133
Settings — Immersion
Stripping of Wood and
Metal
Non-Specific Workplace 5.7 428 0.3 98 0.2 56
Settings — Unknown
Note: Airborne concentration conversion factor for DCM is 3.47 mg/m3 per ppm NIOSH (2011b).

Consumer Exposures from DCM-Based Paint Strippers

EPA/OPPT used the Multi-Chamber Concentration and Exposure Model (MCCEM) to estimate
consumer exposures to DCM-based paint strippers. This modeling approach was selected
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because published monitoring data for non-occupational inhalation exposures (i.e., consumer
do-it-yourself [DIY]) were limited to those from several chamber studies conducted in the U.S.
and Europe. The literature search for this assessment did not identify any published exposure
information for exposures to other household members (i.e., bystanders). Of the available
chamber studies, only one U.S. study provided sufficient information for the exposure modeling
(EPA, 1994a).

The model used a two-zone representation of a house to calculate the DCM exposure levels for
consumers and bystanders. The modeling approach integrated assumptions and input
parameters such as the chemical emission rate over time, the volumes of the house and the
room of use, the air exchange rate and interzonal airflow rate. The model also considered
product characteristics, use patterns, and user location during and after the product use.

MCCEM was used to evaluate seven indoor exposure scenarios. The primary distinctions among
the scenarios were type of application (i.e., brush vs. spray), location of product application
(i.e., workshop for six scenarios, bathroom for one scenario), the mass of DCM emitted, the
user’s location during the wait period, and the air exchange rate of the rest of the house (ROH)
with outdoor air. A sensitivity analysis indicated that these latter three inputs were the most
sensitive variables in the modeling within application type.

Of the seven scenarios, two are considered central tendency for both the user and bystander,
four had combinations of inputs to estimate upper-end concentrations for the user, and two of
the latter also had input combinations to estimate upper-end concentrations for the bystander.
The seventh scenario simulated the conditions reported in an occupational exposure case
where the worker died due to DCM overexposure while stripping a bathtub (CDC, 2012). The
bathroom scenario was included in the consumer exposure assessment to estimate potential
exposures to bystanders.

Overall, the estimated inhalation exposure levels for the spray-on scenarios are about 2-fold
greater than those reported for the brush-on scenarios. Estimated exposure levels for users of
DCM-based paint strippers are higher than those reported for the bystander in the ROH. The
estimated exposure levels to bystanders in the bathroom scenario is in the same range as the
exposures to bystanders in the workshop scenarios.

Characterization of Hazards and Risks to Human Health

DCM'’s Carcinogenic Hazards and Risks:

DCM is likely to be carcinogenic in humans based on a mutagenic mode of action (EPA, 2011c).
EPA/OPPT used the inhalation unit risk (IUR) of 4 x 10 per ppm (1 x 10 per mg/m?3) to
estimate excess cancer risks for the occupational scenarios. The IUR is reported in the EPA’s
Integrated Risk Information System (IRIS) Toxicological Review of Methylene Chloride (EPA,
2011c) and is the estimated upper bound excess lifetime cancer risk resulting from continuous
exposure to an airborne agent at 1 ug/m3 (EPA, 2011c).

Page 22 of 279



The IUR for DCM was based on mouse liver and lung tumors reported in a cancer inhalation
bioassay (Mennear et al., 1988; NTP, 1986). There is high confidence in the IUR because it was
based on the best available dose-response data for liver and lung cancer in mice (EPA, 2011c).
Moreover, the mutagenic mode of action was supported by the weight of evidence from
multiple in vivo and in vitro studies (EPA, 2011c).

DCM'’s Non-Carcinogenic Hazards and Risks:

Acute and chronic exposure to DCM is primarily associated with neurological and hepatic
effects. The primary target organ of DCM toxicity is the brain. Neurological effects result from
either direct narcosis or the formation of carbon monoxide (CO). CO is produced as one of the
metabolic byproducts of DCM metabolism, which reversibly binds to hemoglobin as
carboxyhemoglobin (COHb). Part of the effect of DCM on the central nervous system (CNS)
comes from the accumulation of carboxyhemoglobin (COHb) in the blood, especially during
acute/short-term exposures to DCM.

Non-cancer risks associated with acute exposures to DCM (i.e., neurological effects) were
evaluated for workers, consumers and residential bystanders using the dose-response
information supporting the derivations of the Spacecraft Maximum Allowable Concentrations
(SMACs)(NRC, 1996), the California acute reference exposure level (REL) (OEHHA, 2008), and the
Acute Exposure Guideline Levels (AEGLs)(NAC, 2008).

EPA/OPPT preferred the SMAC hazard value [or point of departure (POD)] over the California
acute REL POD as the health protective acute hazard value used to estimate acute risks for the
consumer scenarios. The SMAC POD was based on multiple human observations reporting
increased COHb levels after DCM exposure, coupled with the knowledge of what would be
considered a no-observable-adverse effect level (NOAEL) based on the extensive CO database
(NRC, 1996). However, the California acute REL POD was used to estimate risks for occupational
scenarios since an 8-hr SMAC POD was not available for the risk calculations. Although AEGLs
are intended for emergency response activities, the AEGL PODs were used in this assessment to
evaluate acute risks for discomfort/non-disabling (AEGL-1) and incapacitating (AEGL-2) effects
following DCM inhalation exposure.

Non-cancer risks for workers repeatedly exposed to DCM were evaluated using the hazard
value of 17.2 mg/m? (4.8 ppm) for liver effects (EPA, 2011c). The value was derived in the DCM
IRIS assessment by PBPK modeling and expressed as the 1%t percentile of the distribution of
human equivalent concentrations (HEC) i.e. the HECqg the concentration at which there is 99%
likelihood an individual would have an internal dose less than or equal to the internal dose of
hazard was used to protect toxicokinetically sensitive individuals. There is high confidence in
the non-cancer hazard value because it was derived from a well-conducted, peer-reviewed
animal inhalation study (Nitschke et al., 1988a). Further, the inhalation database contains
several studies consistently identifying the liver as the most sensitive non-cancer target organ
in rats (EPA, 2011c).
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Uncertainties of this Risk Assessment

The worker risk assessment has a number of uncertainties. While it is clear that the air
monitoring data represent real world exposure levels, EPA/OPPT cannot determine whether
these concentrations are representative of actual statistical distributions for exposed workers.
Further, EPA/OPPT cannot determine how accurately the hypothetical exposure scenarios
reflect occupational exposures based on variations in the use of respiratory protective
equipment, effectiveness of a used respirator in providing the protection indicated by its APF,
and actual exposure frequencies and working years. The estimates of numbers of workers
exposed to DCM-based strippers are uncertain due primarily to the assumed numbers of
workers per model plant in the estimation approach.

The consumer exposure assessment is composed of modeled exposure scenarios for which the
inputs are based on experimental data, survey information, and a number of assumptions with
varying degrees of uncertainty. The results are characterized as either plausible estimates of
individual exposure (e.g., central tendency), or possibly greater than the distribution of actual
exposures (e.g., bounding).

The extent of the identified uncertainties for estimating occupational or residential exposures is
not known. Consequently, under real world conditions, exposure could occur to either higher or
lower levels of DCM than those estimated, leading to a potential for under- or over-estimation
of actual risks.

There is general high confidence in the hazard database supporting the hazard values used to
estimate acute and chronic risks for various health effects associated with DCM inhalation
exposure (i.e., neurotoxicity, liver toxicity, and liver and lung cancer). However, there are
uncertainties about potential human health concerns for developmental neurotoxicity and
immunological effects following exposure to DCM.

The Results of this Risk Assessment

Size of the Exposed Population:

e Over 230,000 workers nationwide are directly exposed to DCM from DCM-based strippers.
This estimate only accounts for workers performing the paint stripping using DCM and does
not include other workers (“occupational bystanders”) within the facility who are indirectly
exposed.

e No data were available to estimate the number of consumers and residential bystanders
exposed to DCM during the use of paint strippers.
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Cancer Risks Associated With Chronic Exposures to DCM:

e There are cancer risk concerns for workers and occupational bystanders exposed to DCM
that are employed at various industries handling DCM-containing paint strippers.

e Many of the occupational scenarios exceed at least one of the target cancer risks of 104,
10~ and 10°®,

e The greatest cancer risks occur for workers handling DCM-based paint strippers with no
respiratory protection for an extended period of time.

Non-Cancer Risks Associated With Chronic Exposures to DCM:

e There are non-cancer risks for liver effects for most workers (including bystanders) using
DCM-based paint strippers in relevant industries, with the exception of the art renovation
and conservation industry.

e Non-cancer risks occur for most workers (including bystanders) handling DCM-based paint
strippers with or without respiratory protection for various exposure scenarios that
predominantly reflect variations in exposure conditions (i.e., exposure frequency and
working years) in facilities reporting central tendency or high-end DCM air levels. Among all
of the occupational scenarios, the greatest risk concern is for workers engaging in long-term
use of the product (i.e., 250 days/year for 40 years) with no respiratory protection.

e Non-cancer risks are not reported when workers reduce their exposure to DCM-based
strippers by taking all three of the following actions; wearing respiratory protection (i.e.,
respirator with at least an assigned protection factor of 50), limiting exposure to central
tendency exposure conditions (i.e., 125 days/year for 20 years) and working in facilities with
low-end DCM air concentrations.

Non-Cancer Risks Associated With Acute Exposures to DCM:

e There are acute risks for neurological effects for most workers using DCM-based paint
strippers. These risks are present in the presence or absence of respiratory protection.

e There are concerns for incapacitating effects in workers handing DCM-containing paint
strippers on an acute/short-term basis with no respiratory protection. These concerns are
also present for workers wearing different types of respirators while performing paint
stripping in industries with high exposure to DCM.

e There are acute risks for neurological effects for consumers of DCM-based paint strippers at
residential settings. Also, bystanders are at risk while staying in the residence when paint
strippers are being applied.

e There are concerns for discomfort/non-disabling and incapacitating effects for consumers
exposed to DCM while applying the product or staying in the residence after completion of
the stripping task. These concerns are also present for residential bystanders in some
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scenarios when exposure conditions are at the highest in the rest of the house after
completing the paint stripping task.

Application of DCM-based paint strippers in a bathroom generates unsafe exposure
conditions for the user of the product, but not residential bystanders. DCM concentrations
may reach levels associated with non-disabling and incapacitating effects for the user
applying the product. User relocation to the rest of the house after completing the paint
stripping task may also produce non-disabling and incapacitating effects as DCM’s internal
dose builds up in the body over time.
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1 BACKGROUND AND SCOPE

1.1 INTRODUCTION

As a part of EPA’s comprehensive approach to enhance the Agency’s existing chemicals
management, in March 2012 EPA identified a work plan of chemicals for further assessment
under the Toxic Substances Control Act (TSCA)?. The Agency is performing risk assessments on
chemicals in the work plan. If an assessment identifies unacceptable risks to humans or the
environment, EPA will pursue risk management. After gathering input from stakeholders, EPA
developed criteria used for identifying chemicals for further assessment3. The criteria focused
on chemicals that meet one or more of the following factors: (1) potentially of concern to
children’s health (for example, because of reproductive or developmental effects); (2)
neurotoxic effects; (3) persistent, bioaccumulative, and toxic (PBT); (3) probable or known
carcinogens; (4) used in children’s products; or (5) detected in biomonitoring programs. Using
this methodology, EPA identified a TSCA Work Plan of chemicals as candidates for risk
assessment in the next several years. In the prioritization process, DCM was identified for
assessment based on human health hazards and high exposure potential.

The target audience for this risk assessment is primarily EPA risk managers; however, it may
also be of interest to the broader risk assessment community as well as U.S. stakeholders that
are interested in issues related to DCM, especially when used as a paint stripper. The
information presented in the risk assessment may be of assistance to other Federal, State and
Local agencies as well as to members of the general public who are interested in the chemical
risks of DCM. The risk assessment may also help those interested in reducing risks associated
with the use of DCM-based paint strippers.

The initial step in EPA’s risk assessment development process includes scoping and problem
formulation and is distinct from the initial prioritization exercise. During these steps EPA
reviews currently available data and information, including but not limited to, assessments
conducted by others (e.g., authorities in other countries), published or readily available reports,
and published scientific literature. During scoping and problem formulation the more robust
review of the factors influencing initial prioritization may result in refinement — either
addition/expansion or removal/contraction — of specific hazard or exposure concerns previously
identified in the prioritization methodology.

2 http://www.epa.gov/oppt/existingchemicals/pubs/workplans.html
3 http://www.epa.gov/oppt/existingchemicals/pubs/wpmethods.pdf
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1.2 BACKGROUND

1.2.1 Rationale for Selecting DCM for Risk Assessment

DCM was identified for assessment based on high human health hazards and exposure
potential. The high human health hazard ranking was assigned for potential cancer risks (i.e.,
likely human carcinogen) and acute* and chronic® non-cancer effects. DCM is a liquid VOC and
its high vapor pressure leads to rapid evaporation, which may pose an inhalation hazard for
humans. The high exposure potential ranking was assigned because DCM is widely used with
industrial, commercial and consumer user applications and at a relatively high percent content
particularly in paint stripping products. DCM is ubiquitously present in the environment with
levels detected in drinking water, indoor environments, ambient air, groundwater, and soil
(EPA, 2012d).

1.2.2 Overview of DCM Uses and Production Volume

DCM is mainly used as a solvent with a wide range of industrial, commercial, and consumer
uses, which include: solvent for vapor degreasing; paint/varnish removers; electronics; resin
cleaners; adhesives; tablet coatings; process solvent for cellulose acetate; butyl rubber;
cleaning solvent; plastics processing; blowing agent in polyurethane foams; propellant for paint
aerosols; refrigerant; heat-transfer fluid; extraction solvent for industrial applications and food;
color diluents for foods; and food packaging adhesives (Ash and Ash, 2009). DCM is the primary
ingredient in many paint stripping products (Mannsville, 1999).

U.S. demand for DCM in 2006 was estimated at 185 million pounds (lbs) with a projected
demand of 181 million |bs for 2010 (HSIA, 2008; ICIS, 2007). The 2012 non-confidential business
information (CBI) Chemical Data Reporting (CDR) indicated 261.5 million Ibs of DCM that were
produced and imported into the U.S. (EPA, 2013). More information on production volumes can
be found in Section 2.2.

1.2.3 Overview of Assessments of DCM’s Human Health Hazards

Several organizations have developed high quality, peer-reviewed hazard/dose-response
assessments documenting the adverse health effects of DCM. These reports indicate that DCM
is likely to be carcinogenic to humans and is a liver and neurological toxicant. EPA/OPPT used
the human health toxicity information from these reports rather than developing a new
hazard/dose-response analysis for DCM.

4 Acute exposure is defined as exposure by the oral, dermal, or inhalation route for 24 hours or less (EPA, 2011b).

5 Chronic exposure is defined as repeated exposure by the oral, dermal, or inhalation route for more than
approximately 10% of the life span in humans and more than approximately 90 days to 2 years in typically used
laboratory animal species) (EPA, 2011b).
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For the evaluation of cancer and non-cancer risks following repeated exposure to DCM (i.e.,
occupational scenarios), EPA/OPPT relied on the cancer and non-cancer dose-response
information reported in the Toxicological Review of Methylene Chloride recently published by
EPA’s Integrated Risk Information System (IRIS) (EPA, 2011c).

Non-cancer risks associated with acute residential exposures to DCM were assessed using the
dose-response information supporting the derivations of the Spacecraft Maximum Allowable
Concentrations (SMACs) (NRC, 1996) and the Acute Exposure Guideline Levels (AEGLs)(NAC,
2008). The assessment also evaluated acute occupational risks with the California acute
reference exposure level (REL) and AEGL hazard values (OEHHA, 2008). The California acute
REL, but not the SMAC hazard value, was used to estimate acute occupational risks since an
8-hr SMAC hazard value was not available for the risk calculations.

Refer to Chapter 3 for more information about the hazard/dose-response approach for cancer
and non-cancer health endpoints, specifically sections 3.3.1.2 and 3.3.1.3.

1.2.4 Overview EPA’s Regulatory History of DCM

DCM has been the subject of various EPA regulatory actions. EPA lists DCM as a toxic (i.e., non-
acute) hazardous waste under the Resource Conservation and Recovery Act (RCRA) (Code
U080) (EPA, 2012c). DCM is also listed on the Toxics Release Inventory (TRI) pursuant to section
313 of the Emergency Planning and Community Right-to-Know Act (EPCRA) (EPA, 2014).
Moreover, DCM is listed on the TSCA Inventory of Chemical Substances and is subject to
reporting under the TSCA CDR rule (EPA, 2011e).

EPA’s Office of Air Quality Planning and Standards issued a final rule in January 2008, under the
National Emission Standards for Hazardous Air Pollutants (NESHAP) that established national
emission standards for using DCM to remove dried paint (i.e., including, but not limited to:
paint, enamel, varnish, shellac, and lacquer) from wood, metal, plastic, and other substrates
(EPA, 2008). The NESHAP also implemented management practices that minimize DCM
emissions.

Additionally, the Safe Drinking Water Act (SDWA) requires EPA to determine the level of
contaminants in drinking water at which no adverse health effects are likely to occur. EPA has
set an enforceable maximum contaminant level (MCL) for DCM at 0.005 mg/L or 5 ppb (EPA,
2010b).

Please refer to Appendix A for more information about the U.S. regulatory history of DCM,

including actions in other U.S. federal agencies and States. Appendix A also provides a brief
description of actions in Canada and Europe.
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1.3 SCOPE OF THE ASSESSMENT

1.3.1 Selection of DCM Uses

EPA/OPPT focused the assessment on the use of DCM in paint stripping. Uses other than paint
stripping are not covered in the risk assessment because EPA/OPPT decided to focus on the use
of DCM with the highest potential exposures to both consumers and workers. Table 1-1 lists the
primary uses of DCM, indicates whether a use was considered for inclusion in this assessment,
and also presents the rationale for why a use was included or excluded from further
consideration.

Narrowing of the scope required exclusion of some uses based on comparative judgments
relative to paint stripping. These comparative judgments considered potential exposure among
the primary uses identified (e.g., percent content relative to potential exposure). In addition,
EPA/OPPT has a special interest in small shops and consumer use for this assessment due to the
possibility that these shops and consumers may have fewer resources or less expertise and
awareness of hazards, exposures, or controls as compared to large shops.

1.3.2 Selection of Exposure Pathway

This risk assessment assumed that DCM is primarily absorbed through the respiratory tract
because of DCM’s high vapor pressure. EPA/OPPT recognizes that highly volatile compounds
such as DCM may also be absorbed through the skin. However, EPA has neither the data nor
the methodology to assess DCM dermal exposure. Based on the physical-chemical properties of
DCM and the scenarios described in this assessment, EPA/OPPT focuses on inhalation as the
main exposure pathway for this risk assessment. This assessment may underestimate total
exposures of DCM in paint stripping due to this assumption.

1.3.3 Identification of Human Populations Exposed During the Use of
DCM-Based Paint Strippers

EPA/OPPT’s assessment evaluated the quantitative acute and chronic risk(s) for workers using
DCM-based paint strippers. EPA/OPPT has a special interest in exposures to workers employed
by “small commercial shops.” The shop sizes can vary in most industries that do paint stripping,
and this issue is discussed in section 3.1.1.1.

Occupational exposures include possible direct exposures to workers who may use these
products at work, in training, or other situations. Data sources did not often indicate whether
exposure concentrations were for occupational users or bystanders. Therefore, EPA/OPPT
assumed that occupational exposures were for a combination of users and bystanders.

We also assumed that workers would be adults of both sexes [>16 years (yrs) and older],
although exposures to younger individuals may be possible in occupational settings.
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Table 1 1. Primary Uses of DCM and Selection Criteria

foam

Percent Population
Use Category DCM P Considered in this Assessment?
Exposed ®
Content
. No — Relatively narrower range of removal
Small commercial L .
applications and likely lower exposure levels
shop workers, compared to paint stripping. Information
Adhesives 60-100 consumers [including o P P PPINg. .
) indicates that many of the adhesive uses are
do-it-yourself (DIYs)]; . .
. . in adhesive removers.
industrial workers
Small commercial Yes — Relatively high percent content range,
shop workers, broad range of stripping and removal
Paint stripping 25-100 consumers (including applications (automotive, furniture, marine,
“DIYs”); industrial wall paint, similar coating removal).
workers
No — Industrial use settings which are
. . enerally believed to be better controlled and
Pharmaceuticals N/AP Industrial workers g 4 .
monitored.
Small commercial
shop workers, No — Small market percentage (7 percent) and
Metal cleaning 15-40 consumers (including | likely lower exposure levels compared to paint
“DIYs”); industrial stripping.
workers
No — Industrial use settings which are
Chemical . enerally believed to be better controlled and
. N/A®P Industrial workers g ¥ .
processing monitored.
Small commercial ,
No — Relatively low percent content range,
shop workers,
Aerosols . . small market percentage (5 percent), and
(propellant use) <25 consumers (including likely lower exposure levels compared to paint
“DIYs”); industrial striooin
workers PPIN.
No — Industrial use settings which are
Polyurethane . enerally believed to be better controlled and
v N/AP Industrial workers g y

monitored.

Notes:

@ For the purposes of this assessment, consumers are defined as non-commercial/non-industrial users of
products containing DCM. Commercial workers are defined as persons employed in a commercial enterprise
providing salable goods or services. Examples of a commercial enterprise include, but are not limited to,
commercial and residential cleaning services, painting companies, carpet installers, commercial and
residential repair and refurbishing companies, and automotive painting and repair shops.

b For these industrial applications, the percent of DCM content is expected to be at or near 100 percent.
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This assessment also examined consumer exposures to DCM-based paint strippers in residential
settings. Consumers were adult individuals of both sexes (i.e., >16 yrs and older, including
pregnant women) using DCM in their homes for paint stripping projects. It is possible that
younger users (i.e., <16 yrs) would be using the product in residential settings, but this
assessment did not look at this age group. EPA/OPPT also evaluated exposures to bystanders,
who are individuals of any age (e.g., children, adults, the elderly) that did not use the product,
but were indirectly exposed in the home while being nearby during product use.

EPA/OPPT used the DCM air concentrations from the occupational exposure assessment to
evaluate the acute and chronic human health risks associated with the use of DCM-based paint
strippers. For consumer exposures, EPA/OPPT only evaluated the human health risks to acute
exposures to DCM. The focus on acute exposures was based on the assumption that DCM is not
expected to significantly build up in the body between exposure events. DCM’s plasma half-life
is estimated to be 40 minutes after inhalation exposure (DiVincenzo et al., 1972). Moreover,
EPA/OPPT assumed that consumers would not generally strip paint on a regular basis in their
residences allowing sufficient time between exposures to clear DCM and its metabolites from
the body.

1.3.4 Why Environmental Risks Were Not Evaluated For DCM-Based
Paint Strippers

EPA/OPPT did not assess the risks of environmental effects related to the use of DCM in paint
stripping products. This decision is supported by DCM’s environmental fate and aquatic toxicity
data (Section 2.3).

Due to its volatility, DCM does not significantly partition to solid phases. Therefore, releases of
DCM to the environment are likely to evaporate to the atmosphere, or if released to soil,
migrate to groundwater. This substance has been shown to biodegrade over a range of rates
and environmental conditions and is considered to be moderately persistent in the
environment. Measured bioconcentration factors for DCM suggest its bioconcentration
potential is low.

The aquatic toxicity of DCM for fish, aquatic invertebrates, and aquatic plants is low based on
the OPPT criteria described in the TSCA Work Plan Chemicals Methods Document (EPA, 2012d)
and the Classification Criteria for Environmental Toxicity and Fate of Industrial Chemicals (EPA,
1992a). For these reasons, this assessment focused on human receptors rather than ecological
receptors.

Appendix B contains a summary of the aquatic toxicity studies considered in the evaluation of
environmental hazards of DCM.
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2 SOURCES AND FATE

Chapter 2 discusses the physical and chemical properties of DCM, sources related to its
production and uses, and its fate in the environment. The contents of this chapter supported
EPA/OPPT’s decision to not evaluate environmental risks in this assessment.

2.1 PHYSICAL AND CHEMICAL PROPERTIES

The chemical structure for DCM is shown in Figure 2-1.

Figure 2 1. Chemical Structure of Methylene Chloride

DCM is a volatile (vapor pressure = 351.8 mmHg at 25°C), colorless liquid with a chloroform-like,
sweet odor (OSHA, 2012b). DCM has a low boiling point (39.7°C ) and is moderately water
soluble (13.7 g/L at 20°C), but more dense than water (1.33 g/cm3 at 20°C). DCM is used as a
substitute for other solvents because it is non-flammable and non-explosive. DCM also is not
readily oxidizable (ECB, 2000; Lide, 2001; O'Neil, 2001). Table 2-1 shows the common physical-
chemical properties of DCM.

Table 2 1. Physical Chemical Properties of DCM °

Molecular formula CHCl,

Molecular weight 84.93

Physical form Colorless liquid; sweet, pleasant odor resembling chloroform

Melting point -95°C

Boiling point 39.7°C

Vapor pressure 351.8 mmHg at 25°C

Log Kow 5.3 ("slow stirring" method); 5.9 at 25°C (measured; OECD 117°)

Water solubility 13.7 g/L at 20°C

Density 1.33 g/cm3 at 20°C

Flash point none

Notes:

@ Information obtained from (ECB, 2000)

b OECD Test Number 117: Partition Coefficient (n-octanol/water), High Performance Liquid Chromatography
(HPLC) Method
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2.2 DCM PRODUCTION AND USES

DCM is mainly used as a solvent, at concentrations ranging from 20 to 100 percent, and is the
primary ingredient in many paint stripping products (Mannsville, 1999). It is a quick acting and
inexpensive solvent with a wide range of industrial, commercial, and consumer uses, which
include: solvent for vapor degreasing; paint/varnish removers; electronics; resin cleaners;
adhesives; tablet coatings; process solvent for cellulose acetate; butyl rubber; cleaning solvent;
plastics processing; blowing agent in polyurethane foams; propellant for paint aerosols;
refrigerant; heat-transfer fluid; extraction solvent for industrial applications and food; color
diluents for foods; and food packaging adhesives (Ash and Ash, 2009).

DCM also has several minor uses, especially as an extraction solvent for spice oleoresins and
hops, and for the removal of caffeine from coffee. It is approved as an extraction solvent for
these uses by the FDA, although most decaffeinators no longer use DCM due to concerns over
residuals.

2.2.1 Market Trends and Uses

Use of DCM as a solvent in a number of sectors has been declining steadily since the mid-1980s
due to increasing government regulation (i.e., both federal and state), and environmental,
consumer, and worker exposure concerns (EPA, 1994d, 2006c, 2011c; ICIS, 2007). These
regulations include:
e alower 8-hr time-weighted average (TWA) OSHA PEL of 25 ppm took effect in 1997;
e warning labeling requirements required by CPSC on all products containing more than
1 percent of DCM took effect in 1988 (CPSC, 1987);
e listing of DCM as a potential carcinogen by the National Institute of Occupational Safety and
Health (NIOSH);
e new OSHA standards requiring facilities using DCM to use vapor control equipment by 2000
(ICIS, 2007).

U.S. consumption of DCM declined from a high of approximately 540 million Ibs in the mid-
1980s to approximately 181 million Ibs currently (ICIS, 2007). In 1984, there were four domestic
producers of DCM selling around 501 million Ibs. In 2000, there were three domestic
manufacturers with five DCM plants in the U.S. (Cal EPA, 2000). Currently, there are only two
manufacturers in the U.S. with a total of three production plants in operation (EPA, 2013).
These companies are the Dow Chemical Company (one facility) and Occidental Chemical
Corporation (i.e., two facilities) (EPA, 2013).

U.S. demand for DCM in 2006 was estimated at 185 million Ibs by industry sources with a
projected demand of 181 million Ibs for 2010 (HSIA, 2008; ICIS, 2007). The 2012 non-
confidential business information (CBI) CDR indicated 261.5 million Ibs of DCM that were
produced and imported into the U.S. (EPA, 2013). DCM imports were estimated at 20 million Ibs
in 2006 (ICIS, 2007). Thus, the production volume of DCM makes up 80 to 96 percent of the
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market share depending on the high or low estimates of total production and imports. In terms
of environmental releases, 292 facilities reported a total of 4.8 million Ibs of on- and off-site
disposal or other releases of DCM based on the EPA’s 2010 TRI (EPA, 2011d).

Table 2-2 presents DCM market trends by use. Based on current estimations, use of DCM is
expected to increase in only one category, DCM as feedstock in the production of a refrigerant,
hydrofluorcarbon-32 (HFC-32) (Mannsville, 1999).

_Table 2 2. DCM Market TrendsbytUse |

DCM Use Use Trend Background

Paint stripper Decreasing e (OSHA’s 1997 reduced PEL resulted in new equipment costs
(especially for small shops), which led to a reduction of DCM
use as a paint stripper ?

e CPSC warning labels on consumer DIY products has also
resulted in less furniture refinishing use ®

e The aircraft industry has replaced DCM paint stripping on
commercial and military planes with non-chemical stripping
processes because new technology in chemical processing
has resulted in less of a need for DCM ¢

e Use of substitutes like high-boiling ketones, glycol ethers, and
N-methylpyrrolidone (NMP) has been increasing ©

Metal cleaner and | Decreasing e Lower OSHA PEL resulted in reduced DCM use *?

degreaser

Aerosol products Decreasing | e CPSC labeling requirements have led most aerosol

manufacturers to eliminate DCM use, but it is still somewhat

used®

Foam adhesives Decreasing | e EPA’s 2007 Flexible Polyurethane Foam Production and
Fabrication National Emission Standards for Hazardous Air
Pollutants (NESHAP) required a reduction in use of DCM ©

e Lower OSHA PEL has steered many foam manufacturers into
using non-DCM adhesives due to the cost of compliance with
the PEL?

Feedstock in Increasing e Expected to grow because HFC-32 is an EPA Significant New

production of Alternatives Policy (SNAP) replacement chemical for HFC-22°¢

refrigerant HFC-32 e Fluorocarbon production accounts for less than 10 percent of

DCM use

Sources:

@ OSHA (2010)

b CPSC (1992

¢ Pauli (1996)

4 Mannsville (1999)

e HSIA (2010)
f1CIS (2007)
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Table 2-3 presents the major and minor uses of DCM, as well as the potential benefits of using
DCM in different industries.

Table 2 3. Major and Minor Uses of DCM

Major Uses® Minor Uses® Overall Benefits
e Paint removal e Extraction solvent e Low flammability®
e Formulated products for oils, waxes, fats, | ¢ Non-corrosive to many
e Adhesives spices, and hops substrates®
e Aerosol propellant e Tablet coating for e Strong solvency properties®
e Metal cleaner and degreaser pharmaceuticals e No flash point under normal use
e Chemical processor for conditions and can be used to
polycarbonate resins and reduce the flammability of other
cellulose triacetate substances®
(photographic film) e Lower costs
o Flexible polyurethane foam
manufacturing
e Feedstock in the production of
the refrigerant,
hydrofluorocarbon-32 (HFC-32)

Sources: @ Dow (1999); EPA (2013); HSIA (2008); IAQUK (2014)
b Mannsville (1999)
¢ HSIA (2010)

As recently as the 1980s, approximately 50 percent of the total DCM market was made up of
paint stripping products (Mannsville, 1999). Industry sources stated 40 percent of the domestic
DCM market was made up of paint strippers in 2006 (HSIA, 2008). However, the most recent
industry figures indicate paint stripping products now only make up 25 percent of the domestic
market for DCM (Table 2-4) (ICIS, 2007). These figures coupled with an overall decline in the
demand for DCM suggest manufacturers may be substituting other solvents for DCM in their
paint stripping products. Because the data are recent, EPA/OPPT cannot determine at this point
if this is a real trend.

The estimates for DCM by use are shown in Table 2-4. The percentages of DCM use by
application type are based on production volume for use in domestic products. While DCM use
in adhesives is a larger market share than paint stripping, the narrower range of removal
applications and likely lower exposure levels compared to paint stripping resulted in adhesive
use not being selected as a focal point for this assessment.
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Table 2 4. Major Uses of DCM in the U.S.
Major Uses Percent of DCM Consumed in End Products
Adhesives 37
Paint stripping 25
Pharmaceuticals 10

Metal cleaning 7
Chemical processing 7
Aerosols 5
5
4

Polyurethane foam blowing
Miscellaneous
Sources: Ash and Ash (2009); EPA (2013); HSIA (2010); ICIS (2007)

2.2.1.1 Consumer Uses

DCM has a number of TSCA consumer uses. Table 2-5 presents the major consumer uses of
DCM.

 Table2 5. TSCA Consumer UsesofdCM

Consumer Uses
Paint strippers e Paint thinners?® e Varnish removers®
e Paint removers and strippers® e Graffiti removers®
Aerosol applications e Aerosol paints® e Rust removers?®
e Automotive products® e Primers?
e Spray shoe polish?
Cleaners/protectors e Water repellant/protectors® e Wood stains?
e Spot removers? e Transmission cleaners®
e Wood floor and panel cleaners? e Battery terminal protector®
e Specialized electronic cleaners e Brake quieter/cleaner®
(for TV, VCR, razor, etc.)? e Gasket removers?
Adhesives e Contact cement? e Adhesive removers (general
e Super glues? purpose, tile and wallpaper)?
e Spray adhesives?®
Miscellaneous e Silicone lubricants e Gasket removers?
(excluding automotive)?
e Qutdoor water repellants®
Sources: ? NIH (2005)
® DHHS (2012
¢ Mannsville (1999)

The 2012 CDR data indicated that DCM is used in the following commercial/consumer use
categories: paints and coatings, adhesives and sealants, and “other” (EPA, 2013)(Appendix C).

The National Institutes of Health (NIH) Household Products Database currently lists 50 products
containing DCM, in concentrations ranging from one to 100 percent. The products are divided
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almost evenly between aerosol and liquid formulations (with one in granular form)(DHHS,
2012).

DCM uses addressed by other agencies (i.e., non-TSCA uses) have changed over time. For
instance, the FDA banned DCM as an ingredient from all cosmetic products in 1989 (FDA, 1989)
after it was used as an ingredient in aerosol cosmetic products (e.g., hairsprays) in
concentrations ranging from 10 to 25 percent DCM.

2.2.1.2 Paint Stripping Applications

DCM is considered the best chemical stripper that is effective on the widest range of cured
coatings from the widest variety of substrates (Mannsville, 1999). It is characterized this way
because it can be used on almost any substrate, is very inexpensive, works quickly, and typically
only requires one application to remove all the necessary paint or coating. The major
applications for DCM-based paint strippers include use on Original Equipment Manufacturing
(OEM), field maintenance stripping, and home improvement and repair. Most of these users
purchase paint stripper from a formulator who mixes the DCM with other chemicals to achieve
the desired product (SRRP, 1992). For industrial use, paint strippers are typically 70 to 90
percent DCM by weight. Household paint strippers for consumer use are typically 60 to 80
percent DCM (EPA, 1993b; see Appendix D).

Several studies have been conducted to evaluate the extent of DCM use in paint stripping. In
2008, EPA estimated that a total of 39,000 establishments performed surface coating
operations, including paint stripping, motor vehicle, mobile equipment, and miscellaneous
activities. Specifically, EPA estimated that about 3,000 of these facilities were paint stripping
shops. Of these 3,000 facilities, 2,000 facilities used paint strippers containing < 2,000 |bs of
DCM, while 1,000 facilities used products containing > 2,000 Ibs of the chemical (EPA, 2008).

2.3 SUMMARY OF ENVIRONMENTAL FATE

Knowledge of the environmental fate (transport and transformation) of a compound is
important to understanding its potential impact on specific environmental media (e.g., water,
sediment, soil) and exposures to target organisms of concern.

DCM is volatile and does not significantly partition to solid phases. Therefore, releases of DCM
to the environment are likely to evaporate to the atmosphere, or if released to soil, migrate to
groundwater. DCM has a global warming potential (GWP) of 8.7 relative to carbon dioxide and
thus can act as a greenhouse gas.

DCM has been shown to biodegrade over a range of rates and conditions and is considered to
be moderately persistent in the environment. Measured bioconcentration factors for DCM
suggest its bioconcentration potential is low. Appendix E has additional information about the
environmental fate of DCM.
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3 HUMAN HEALTH RISK ASSESSMENT

3.1 OCCUPATIONAL EXPOSURE ASSESSMENT FOR THE USE OF DCM
IN PAINT STRIPPING

Section 3.1.1 summarizes the approach and methodology used for estimating occupational
inhalation exposures to DCM for the use of DCM-based paint strippers. Section 3.1.1.3 lists the
occupational exposure estimates for the highest exposed worker population. Additional
information is found in Appendices F and G.

Appendix F describes the industries that may use DCM-based paint strippers, worker activities,
processes, numbers of sites, and numbers of exposed workers. Appendix G provides details
about the air concentrations and associated worker Average Daily Concentrations (ADCs) and
Lifetime Average Daily Concentrations (LADCs) presented in this section.

3.1.1 Approach and Methodology for Estimating Occupational Exposures

3.1.1.1 Identification of Relevant Industries

Because a variety of industries include paint stripping among their business activities,
EPA/OPPT made the effort to determine and characterize these industries, with a special
interest in small commercial shops. EPA/OPPT's interest in small shops for this assessment is
due to the possibility that these shops may have fewer resources or less expertise and
awareness of hazards, exposures, or controls as compared to large shops.

There is no standard or universal definition for the term “small shop”. The various meanings of
this term can depend upon the industry sector (e.g., metal finishing, furniture repair, foam
production, chemical manufacturing) or governmental jurisdiction (e.g. OSHA, EPA, other
countries). For the purpose of risk assessment of work plan chemicals, EPA/OPPT generally
refers to entities, businesses, operators, plants, sites, facilities, or shops interchangeably and
considers a number of factors to categorize these as small. The factors that have been usually
considered include revenue, capacity, throughput, production, use rate of materials, or number
of employees. Further characterization to determine which factors best distinguish small shops
for all the various industries that perform paint stripping would require more research.

EPA/OPPT reviewed the published literature and evaluated the 2007 North American Industry

Classification System (NAICS) codes to determine industries that likely include paint stripping
activities (see Appendix F, Table F-1).
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The following industries were identified:
e Professional contractors;

e Bathtub refinishing;

e Automotive refinishing;

e Furniture refinishing;

e Artrestoration and conservation;

e Aircraft paint stripping;

e Ship paint stripping; and

e Graffiti removal

By identifying these industries, EPA/OPPT identified corresponding worker subpopulations that
may be exposed to DCM due to the use of these paint strippers. Appendix F details the
industries identified, processes and worker activities that may contribute to workplace
exposures. Section 3.1.1.2 and Appendix F provide the estimated number of workers exposed
nationwide and average numbers of employees per facility for these industries.

3.1.1.2 Estimation of Potential Workplace Exposures for Paint Stripping Facilities

Workplace exposures based on monitoring data: EPA/OPPT used air concentration data and
estimates found in literature sources to serve as exposure concentrations for occupational
inhalation exposures to DCM. These air concentrations were used to estimate the exposure
levels for workers exposed to DCM as a result of the use of DCM-based paint strippers.

EPA/OPPT did not find enough monitoring data to determine complete statistical distributions
of actual exposure concentrations for the exposed population of workers in each of the
industries. Ideally, EPA/OPPT would like to know 50t and 95t percentiles for each population,
which are considered to be the most important parts of complete statistical exposure
distributions. The air concentration means and midpoints (means are preferred over midpoints)
served as substitutes for 50™ percentiles, and high ends of ranges served as substitutes for 95t
percentiles.

Data sources often did not indicate whether monitored exposure concentrations were for
occupational users or bystanders. Therefore, EPA/OPPT assumed that these exposure
concentrations were for a combination of users and bystanders. Some bystanders may have
lower exposures than users, especially when they are further away from the source of
exposure.

Additionally, inhalation exposure data from OSHA and state health inspections were obtained
from the OSHA's Integrated Management Information System (IMIS) database. However, OSHA
IMIS data were not used to estimate workplace exposures, except where noted, because of the
high degree of uncertainty and questionable relevancy of these data to stripping with DCM-
containing products. Refer to Appendix G for a detailed discussion of the OSHA IMIS data.
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Workplace exposure scenarios evaluated in this assessment: Workers performing DCM-based
paint stripping might or might not use a respirator and may be exposed to DCM at different
exposure frequencies (days per year) or working years. Thus, EPA/OPPT assessed acute risks for
4 occupational scenarios and chronic risks for 16 occupational scenarios based on 8-hr time-
weighted average (TWA) exposure concentrations and different variations in exposure
conditions. These scenarios were constructed within each industry evaluated in the
assessment.

To estimate acute exposure, EPA/OPPT defined 4 scenarios to reflect a combination of the

following (Table 3-1):

e No use of arespirator (APF = zero);

e Use of a respirator with an APF of 10, 25, or 50, which would reduce the personal breathing
concentration by 10-, 25- or 50-fold (i.e., 0.1, 0.04, 0.02), respectively.

Table 3 1. Acute Occupational Exposure Scenarios for the Use of DCM Based Paint
Strippers

Acute. Respirator APF ? 8-hr TWA Cv_.')nf:enbtratlon Scenario Description
Scenario Multiplier
1 0 1 No respirator
2 10 0.1 Respirator APF 10
3 25 0.04 Respirator APF 25
4 50 0.02 Respirator APF 50
Notes:

@ APF= assigned protection factor. APFs of 10, 25 or 50 mean that the respirator reduced the personal
breathing concentration by 10-, 25- or 50-fold (i.e., 0.1, 0.04, 0.02).

b As indicated in equation 3-2, these multipliers are applied to the 8-hr time-weighted average (TWA) acute
exposure concentrations.

To estimate chronic exposure, EPA/OPPT defined 16 scenarios to reflect a combination of the

following (Table 3-2):

e No use of a respirator (APF = zero)5;

e Use of a respirator with an APF of 10, 25, or 50;

e An exposure frequency (EF) of the assumed Scenario 1 value of 250 days per year or half of
the assumed Scenario 1 value (the midpoint between the assumed Scenario 1 value and
zero: 125 days per year); and

e Exposed working years (WY) of the assumed Scenario 1 value of 40 years or half of the
assumed Scenario 1 value (the midpoint between the assumed Scenario 1 value and zero:
20 years).

The multipliers in Tables 3-1 and 3-2 were used to adjust the exposure estimates of acute and
chronic Scenario 1, respectively, to obtain the exposure estimates for the other exposure
scenarios. Additional information is presented below about the estimation approach to
calculate the acute and chronic exposure estimates.

® APF assumptions are the same for both acute and chronic scenarios.
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Table 3 2. Chronic Occupational Exposure Scenarios for the Use of DCM Based Paint

Strippers
Exposure Working
Chronic Respirator Frepuenc Years ADC/LADC Scenario Description
Scenario APF ? (EF) ((:ja s/yr) (Wy) Multiplier® P
ysiy (years)
No respirator, high ends of
1 0 250 40 ! ranges for EF and WY
Respirator APF 10, high ends
2 10 250 40 0.1 of ranges for EF and WY
Respirator APF 25, high ends
3 25 250 40 0.04 of ranges for EF and WY
Respirator APF 50, high ends
4 >0 250 40 0.02 of ranges for EF and WY
No respirator, one midpoint
5/9 0 250/ 125 20/ 40 0.5 and one high end of range for
EF and WY
Respirator APF 10, one
6/10 10 250/ 125 20/ 40 0.05 midpoint and one high end of

range for EF and WY
Respirator APF 25, one

7/11 25 250/ 125 20/ 40 0.02 midpoint and one high end of
range for EF and WY
Respirator APF 50, one

8/12 50 250/ 125 20/ 40 0.01 midpoint and one high end of
range for EF and WY

No respirator, midpoints of

e ° - 20 0-25 ranges for EF and WY

“ ° 1 0 | oo | ey

e > 1 2 0oL | ot EF and W

® > 1 0 | 0005 |y
Notes:

@ APF= assigned protection factor. APFs of 10, 25 or 50 mean that the respirator reduced the personal
breathing concentration by 10-, 25- or 50-fold, respectively.

b Asindicated in equation 3-4, these multipliers are applied to the chronic average daily concentrations (ADCs)
and lifetime average daily concentrations (LADCs).

EPA/OPPT evaluated scenarios both with and without respirator use and a range of respirator
APFs because no data were found about the overall prevalence of the use of respirators to
reduce DCM exposures and it was not possible to estimate the numbers of workers who have
reduced exposures due to the use of respirators (as described by the data and information
sources presented in Appendices F and G).
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Likewise, EPA/OPPT made assumptions about the exposure frequencies and working years
because data were not found to characterize these parameters. Thus, EPA/OPPT evaluated
occupational risks by developing hypothetical scenarios under varying exposure conditions (i.e.,
use of respirators with different respiratory protection factors, and different exposure
frequencies and working years).

Approach for calculating acute and chronic workplace exposures: To facilitate the exposure
calculations for the occupational scenarios, EPA/OPPT first estimated the acute and chronic
exposure estimates for Scenario 1 (highest exposure group). Equations are described below.

The exposure estimates for Acute Scenarios 2 to 4 and Chronic Scenarios 2 to 16 were obtained
by adjusting scenario 1 (highest exposure group) with various multipliers (Tables 3-1 and 3-2 for
acute and chronic, respectively). The acute multipliers reflected the numerical reduction in
exposure levels when respirators were used. The chronic multipliers reflected the numerical
reduction in exposure levels when respirators were used and/or other EF and WY values were
used. Although 16 chronic scenarios were possible, scenarios 5 through 8 and 9 through 12
resulted in the same multiplier regardless of whether the scenario used an EF of 250 days/yr
and a WY of 20 yrs, or an EF of 125 days/yr and a WY of 40 years.

Acute occupational exposure estimates

For single (acute) workplace exposure estimates, the DCM single (acute) exposure
concentration was set to the 8-hour TWA air concentration in mg/m3 reported for the various
relevant industries. EPA/OPPT assumed that some workers could be rotating tasks and not
necessarily using DCM-based paint strippers on a daily basis. This type of exposure was
characterized as acute in this assessment as the worker would clear DCM and its metabolites
before the next encounter with the DCM-containing paint stripper.

Equation 3-1 was used to estimate the single (acute) exposure estimates for acute scenario 1
(EPA, 2009).

EC scenario 1 — C (Equation 3-1)
where:
EC scenario 1 =  exposure concentration for a single 8-hr exposure to DCM (mg/m3) for
scenario 1
C = contaminant concentration in air for relevant industry (central tendency,

low- or high-end 8-hr TWA in mg/m?3 from Appendix G, Table G-2 or G-5);
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Equation 3-2 was used to calculate the acute exposure estimates for scenarios 2 through 4.

EC scenario 2— 4 — EC scenario 1 X M acute (Equation 3-2)

where:

exposure concentration for a single 8-hr exposure to DCM
(mg/m3) for acute scenarios 2, 3, or 4;

EC scenario2 > 4

EC scenario 1 = single (acute) exposure concentration for relevant industry (8-hr
TWA in mg/m3 from Appendix G, Table G-2 or G-5);
M acute = Scenario-specific acute exposure multiplier (unit less) for relevant

industry (see Table 3-1)

Acute exposure estimates for scenario 1 are presented in Table 3-3. Acute exposure estimates
for scenarios 2 through 4 were integrated into the risk calculations by applying the scenario-
specific multipliers. Thus, separate tables listing the acute exposure estimates for scenarios 2
through 4 are not provided in this section, but are available in a supplemental Excel
spreadsheet documenting the risk calculations for this assessment (DCM Exposure and Risk
Estimates_081114.xlsx).

Chronic occupational exposure estimates

The worker exposure estimates for the non-cancer and cancer risk calculations were estimated
as ADCs and LADCs, respectively. Both ADC and LADC calculations for Scenario 1 were based on
the 8-hr TWA air concentration in mg/m?3 reported for the various relevant industries (Appendix
G, Table G-5). EPA/OPPT assumed that the worker would be doing paint stripping activities
during the entire 8-hr work shift on a daily basis. Equation 3-3 was used to estimate the chronic
ADCs and LADCs for Scenario 1 (EPA, 2009).

C X ED X EF x WY

EC scenariol — (Equation 3-3)
AT
where:

EC scenario1 = exposure concentration (mg/m?3) for Scenario 1 = ADC for chronic non-
cancer risks or LADC for chronic cancer risks for Scenario 1;

C = contaminant concentration in air for relevant industry (central tendency,
low- or high-end 8-hr TWA in mg/m3 from Appendix G, Table G-2);

ED = exposure duration (hrs/day) = 8 hrs/day;

EF = exposure frequency (days/yr) = 250 days/yr for high-end of range

for both ADC and LADC calculations;
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wy = working years per lifetime (yrs) = 40 yrs for high end of range
for both ADC and LADC calculations; and

AT = averaging time (years x 365 days/years x 24 hrs/day) = 40 yrs for high
end of range for ADC calculations; 70 yrs for LADC calculations, which is
used to match the years used to calculate EPA’s cancer inhalation unit
risk (IUR).

Equation 3-4 was used to estimate the chronic ADCs and LADCs for scenarios 2 through 16.

EC scenario 2—- 16 = EC scenario 1 X M chronic (Equation 3-4)

where:

exposure concentration for chronic exposure concentration (ADC
or LADC) to DCM (mg/m?3) for chronic scenarios 2 through 16

EC scenario 2 - 16

EC scenario 1 = chronic exposure concentration (ADC or LADC) for relevant
industry, chronic scenario 1 (in mg/m?3 from Table 3-3);
M chronic = scenario-specific ADC/LADC chronic multiplier for relevant

industry (see Table 3-2)

Non-cancer and cancer exposure estimates (i.e., ADC and LADC, respectively) for scenario 1 are
presented in Table 3-3. The estimates for scenarios 2 through 16 were integrated into the risk
calculations by applying the scenario-specific ADC/LADC multipliers. Thus, separate tables
listing the chronic exposure estimates for scenarios 2 through 16 are not provided in this
section, but are available in a supplemental Excel spreadsheet documenting the risk
calculations for this assessment (DCM Exposure and Risk Estimates_081114.xIsx).

Numbers of exposed workers and shop sizes: Knowing the sizes of exposed populations
provides perspective on the prevalence of the health effects. Thus, EPA/OPPT estimated the
current total number of workers in the potentially exposed populations.

EPA/OPPT found limited data on numbers of workers exposed to DCM in shops that use DCM-
based paint strippers. EPA/OPPT relied on an estimation approach to estimate the total number
of exposed workers from the technical support document for the National Emission Standards
for Hazardous Air Pollutants (NESHAP) Paint Stripping Operations at Area Sources proposed rule
(EPA, 2007).

Based on the NESHAP data and analyses, EPA/OPPT estimates that over 230,000 workers
nationwide are directly exposed to DCM from DCM-based paint strippers. This estimate only
accounts for workers performing the paint stripping using DCM and does not include other
workers (“occupational bystanders”) within the facility who are indirectly exposed. EPA/OPPT
cannot estimate the numbers of workers exposed in each of the individual industries that may
use DCM-based strippers. EPA/OPPT also cannot estimate the numbers of workers exposed in
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small shops. Appendix E details the literature search, data found, and assumptions for worker
population exposed nationwide.

EPA/OPPT estimated the average number of employees per facility which can be a factor in
determining shop sizes. These estimates were derived by combining the facility and population
data obtained from the U.S. Census data, as described in Appendix F. The average number of
employees for the identified industries based on U.S. Census data were the following:

e Professional contractors (likely to include Bathtub refinishing): 5 workers/facility;
e Automotive refinishing: 6 workers/facility;

e Furniture refinishing: 3 workers/facility;

e Art restoration and conservation (not estimated);

e Aircraft paint stripping: 320 workers/facility (for aircraft manufacturing only);

e Ship paint stripping: 100 workers/facility; and

e Graffiti removal: 8 workers/facility.

These averages give some perspective on shop size but are simple generalizations.

3.1.1.3 Summary of Occupational DCM Exposure Estimates

Table 3-3 shows the DCM air concentrations used in this assessment for estimating acute and
chronic risks for the highest exposed worker scenario group (Scenario 1) within each industry.
The statistical issues of these estimates are briefly discussed in section 3.5.1.

Acute and chronic DCM exposure estimates for Acute Scenarios 2 through 4 and Chronic
Scenarios 2 through 16 were integrated into the risk calculations by applying multipliers to
Scenario 1. Separate tables listing the acute and chronic exposure estimates are not provided in
this section, but can be found in the supplemental Excel spreadsheet - DCM Exposure and Risk
Estimates_081114.xlsx. Also, Table ES-1 provides a summary of the ranges of acute, ADC and
LADC estimates for the various occupational scenarios.
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Table 3 3. DCM Acute and Chronic Exposure Concentrations (ADCs and LADCs) for Workers Scenario 1

Highest Exposed Scenario Group

CHRONIC EXPOSURE ESTIMATES CHRONIC EXPOSURE
ACUTE EXP RE ESTIMATE
Time Csl;ln le 8-l?rséJonce:tration S USED IN THE NON-CANCER RISK ESTIMATES USED IN THE
'T“_St_ry/ Range of g (mg/m3)? ESTIMATES CANCER RISK ESTIMATES
AVIY 1 Studies ADC (mg/m?)° LADC (mg/m?)°
Mean | High | Midpoint | Low | Mean | High | Midpoint | Low | Mean | High | Midpoint | Low
Professional 1981-
Contractors 2004 -- 2,980 1,520 60 -- 680 347 14 -- 389 198 7.8
Bathtub 3 3 B 3 B 3 3 B 3 B B B
Refinishing
Aut.or"no.twe 2003 253 416 253 90 58 95 58 21 33 54 33 12
Refinishing
Furniture 1989- 2,245 513 293
Refinishing 2007 499 (1,266) 1,125 4.0 114 (289) 257 0.9 65 (165) 147 0.5
Cc c C
Art
Restoration 2005 2.0 0.5 0.3
and
Conservation
Aircraft 1977-
Paint - 3,802 1,944 86 - 868 444 20 - 496 254 11
. 2006
Stripping
Shl_p Paint 1980 3 3 3 3 3 3 3 B 3 B B B
Stripping
Graffiti
1993 260 1,188 603 18 59 271 138 4.1 34 155 79 2.3
Removal
Non-Specific
Workplace
settings - 1980- ~ | 7000 | 3518 |3 | - |1598| 83 |s8o| - | 913 459 | 46
Immersion 1994
Stripping of
Wood
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Table 3 3. DCM Acute and Chronic Exposure Concentrations (ADCs and LADCs) for Workers

Scenario 1

Industry /
Activity

Highest Exposed Scenario Group

Time
Range of
Studies

ACUTE EXPOSURE ESTIMATES
Single 8-hr Concentration
(mg/m3)?

CHRONIC EXPOSURE ESTIMATES
USED IN THE NON-CANCER RISK
ESTIMATES
ADC (mg/m?3)®

CHRONIC EXPOSURE ESTIMATES
USED IN THE CANCER RISK
ESTIMATES
LADC (mg/m?3)®

Mean High Midpoint | Low

Mean | High | Midpoint | Low

Mean | High | Midpoint | Low

Non-Specific
Workplace
Settings -
Immersion
Stripping of
Wood and
Metal

1980

-- 1,017 825 633

-- 232 188 145

-- 133 108 83

Non-Specific
Workplace
Settings -
Immersion
Stripping of
Metal

Non-Specific
Workplace
Settings —
Unknown

1997-
2004

357 428 357 285

81 98 81 65

47 56 47 37

Notes:

Sources are reported in Table G-2 and discussed in section G-3.
a Calculated acute single 8-hr concentrations are only estimated from 8-hr TWA exposures; see Equation 3-1. Airborne concentration conversion
factor for DCM is 3.47 mg/m3 per ppm (NIOSH, 2011b).
b Calculated ADCs and LADCs are only calculated from 8-hr TWA exposures; see Equation 3-3.
¢ The values in parentheses are the 95t percentiles of the calculated acute single 8-hr concentrations and the calculated ADCs and LADCs.

-- Indicates no

data found.
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3.1.1.4 Worker Exposure Limits for DCM

Both regulatory and non-regulatory worker exposure limits have been established for DCM by
OSHA, NIOSH, and the American Conference of Government Industrial Hygienists (ACGIH).
EPA/OPPT analysis showed that the OSHA permissible exposure limit (PEL) and Action Level
values were exceeded for some industries using DCM-based strippers when the OSHA values
were compared to the air concentrations.

Table 3-4 provides a summary of the current occupational exposure values established by
OSHA, NIOSH, and ACGIH. Appendix F presents additional background on processes, respiratory
protection, facilities and worker populations.

OSHA’s amended regulatory occupational exposure limits for DCM were effective April 10,
1997. The amendments included reducing the PEL, reducing and changing the averaging time of
the short-term exposure limit (STEL), adding an Action Level, and removing the ceiling limit
(OSHA, 1997a). See Appendix G, section G-2-3, for more details.

Table 3 4. Occupational Exposure Limits for DCM?

Source Limit Type Exposure Limit
PEL (8-hr TWA)® 25 ppm ©
OSHA PEL -
STEL (15-minute TWA) 125 ppm
Action Level (8-hr TWA) 12.5 ppm
IDLH ¢ 2,300 ppm
NIOSH exposure limits PP
REL © Ca
ACGIHTLVf 8-hr TWA 50 ppm

Notes:

@ Source: OSHA (1997a)

b PEL= Permissible exposure limit ; TWA= Time-weighted average

¢ Airborne concentration conversion factor for DCM is 3.47 mg/m?3 per ppm (NIOSH, 2011b).

4 IDLH = Immediately dangerous to life and health. IDLH values are based on effects that might occur from a
30-minute exposure.

¢ REL = Recommended Exposure Limit. The REL notation “Ca” is for a potential occupational carcinogen. The
NIOSH Pocket Guide website has detailed policy recommendations for chemicals with “Ca” notations
(NIOSH, 2011a).

f TLV = Threshold limit value
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3.2 CONSUMER EXPOSURE ASSESSMENT FOR THE USE OF DCM IN
PAINT STRIPPING

Section 3.2 summarizes the modeling approach used for estimating consumer inhalation
exposures to DCM for the use of DCM-based paint strippers. The consumer modeling is
discussed in greater detail in Appendix H.

3.2.1 Approach and Methodology for Estimating Consumer Exposures

EPA/OPPT used the Multi-Chamber Concentration and Exposure Model (MCCEM) to estimate
consumer exposures to DCM-based paint strippers. This modeling approach was selected
because published monitoring data for non-occupational inhalation exposures (i.e., consumer
do-it-yourself [DIY]) were limited to those from several chamber studies conducted in the U.S.
and Europe. The literature search for this assessment did not identify any published exposure
information for exposures to other household members (i.e., bystanders). Of the available
chamber studies, only one U.S. study provided sufficient information for the exposure modeling
(EPA, 1994a).

3.2.2 Overview of the MCCEM

The MCCEM is an exposure model that estimates airborne concentrations of chemicals released
from products in residential settings or other indoor environments (EPA, 2010a). EPA/OPPT
relied on a model-based consumer exposure assessment in the absence of sufficient measured
data for consumer exposures to DCM-based paint strippers.

The MCCEM incorporates the following features (EPA, 2010a):

e Represents a multiple zone model that uses a deterministic, mass-balance equation to
predict time varying indoor air concentrations;

e Uses chemical volatilization rates from chamber test emission data as an input, making it a
higher tier model;

e Considers the amount of time individuals spend each day within each zone based on human
activity patterns;

e Has been peer reviewed in 1998.

The MCCEM generally uses a two-zone representation of a house to calculate acute air
concentrations of DCM for consumers and bystanders for various exposure scenarios. Zone 1
represents the area where the consumer was using the product, whereas Zone 2 represents the
rest of the house (ROH). Zone 2 was used for modeling passive exposure to house residents
(bystanders), such as children, adults, pregnant women and the elderly (EPA, 2010a). The
model assumes complete mixing in each zone.
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The MCCEM uses 3 zones to model the bathtub “source cloud” scenario. In this scenario, Zone 1
represents the arbitrary volume close to the tub. Zone 2 represents the bathroom volume, and
Zone 3 was the rest of house.

For this assessment, the general steps of the calculation engine within the MCCEM include:

1. Introduction of DCM into the room of use by applying the paint stripper on a surface and
estimation of the declining emission rate in that room: Consumer products that are
applied to surfaces are best represented by the incremental source model. This model
assumes a constant application rate over time, coupled with an emission rate for each
instantaneously applied segment that declines exponentially over time. Depending on the
type of applied product, either one or two exponential expressions may be needed to
characterize the declining emission rate (EPA, 2010a). From an analysis of chamber test
data, EPA/OPPT determined that a single-exponential expression was appropriate for paint
strippers with DCM as a primary ingredient.

2. Transfer of DCM to the rest of the house as a function of the rate of chemical loss and gain
for that zone: MCCEM requires the conservation of pollutant mass as well as the
conservation of air mass when predicting indoor air concentrations in different house
zones. The modeled concentration in each zone is a function of the time-varying emission
rate in the room of use, the zone volumes, the air exchange rate and the interzonal airflow
rates among zones and between each zone and outdoor air (EPA, 2010a).

3. Estimation of the zone-specific airborne concentrations of DCM as the modeled occupant
moves around the house: MCCEM estimated detailed time series of zone-specific (e.g.,
house, workshop, and bathroom) concentrations to account for an individual’s location at
specific times. The model output was in the form of instantaneous values at the end of
consecutive one-minute time intervals for the entire duration of the model run (i.e., 24 hrs
in this case) for both the user and residential bystander. The one-minute intervals were
used to calculate acute maximum TWA concentrations for certain averaging periods for the
user and residential bystanders (i.e., one, 10, and 30 minutes; 1-, 4-, 8- and 24-hrs). The
maximum TWA concentration for any averaging period was defined as the highest value of
the consecutive running averages for that averaging period. These general steps are
explained in greater detail in Appendix H.

EPA/OPPT used the DCM air concentrations for the different averaging periods to evaluate the
human health risks of acute, but not chronic, exposures to DCM-based paint strippers in
residential settings. The focus on acute exposures is based on the assumption that DCM is not
expected to significantly buildup in the body between exposure events. DCM’s plasma half-life
is estimated to be 40 minutes after inhalation exposure (DiVincenzo et al., 1972). Moreover,
EPA/OPPT assumed that consumers would not generally do paint stripping jobs on a regular
basis in their residences, allowing sufficient time between exposures to clear DCM and its
metabolites from the body.
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3.2.3 MCCEM Input Parameters and Assumptions

EPA/OPPT identified and used published data for current product characteristics, use patterns,
exposure factors, and air monitoring data to set the model input parameters and develop
appropriate consumer exposure scenarios.

Brown (2012) reported a list of DCM-containing products currently available for consumer
purchase. EPA/OPPT used the list of consumer products to determine reasonable percentage of
DCM in products and product densities. Other resources providing information on product
characteristics included the NIH Household Products Database, Material Safety Data Sheets
(MSDS), and Product Labels and Technical Data Sheets. Additional data sources were identified
and used to support model assumptions and input parameters and they are discussed below.
EPA/OPPT assessed the data quality of the identified sources before using the information for
the modeling approach. Data quality criteria were similar to those used for evaluating
occupational data (Appendix H, section H-1-3 and Table H-1).

The model assumptions and input parameters are summarized in section 3.2.2 and explained
more fully in Appendix H.

3.2.3.1 Estimation of Emission Profiles for Paint Removers/Strippers

EPA/OPPT identified air monitoring studies for consumer paint strippers using DCM-containing
products, including the Midwest Research Institute (MRI) chamber study (EPA, 1994a), the
European Commission (EC) study (EC, 2004), and a study conducted in the Netherlands by (van
Veen et al., 2002). Data from the MRI chamber study were used as the basis for developing
emission profiles for both brush-on and spray-on applications for this assessment (EPA, 1994a).
The MRI chamber data were considered adequate to support the exposure estimation effort
and the products studied were considered to be the most representative of paint strippers
available in the U.S. consumer product market.

The EC (2004) study is the most current experimental study conducted for paint strippers.
However, one of its main limitations was the failure to provide the raw data in the report. Thus,
the overall findings of the EC study could not be verified. Additionally, the study may not be
representative of use patterns and DCM-containing products in the U.S.

Although the van Veen et al. (2002) study provided useful information, the study was
conducted on a small scale and the exposure scenario assessed did not represent well the use
patternsin the U.S.

Further discussion and comparison of the air monitoring/chamber test studies above is
provided in Appendix H, section H-5.
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3.2.3.2 Method of Application

Product labels and technical data sheets indicate that DCM-based paint strippers are sold as
brush-on or spray-on products. Thus, EPA/OPPT assessed consumer exposures to products
applied by these two application methods. Each application method is characterized by specific
chemical release characteristics, DCM weight fractions, application rates, and time required for
application. The modeling approach was designed to consider these differences between brush-
on and spray-on products.

3.2.3.3 Amount Applied to the Surface (Product Mass)

The product application mass (grams of product) was determined for each of the cases
examined using application rates (in g/ft?) calculated from the EPA (1994a) chamber tests and
the surface areas of objects (in ft?) to be stripped.

EPA (1994a) reported the most complete air monitoring data for the consumer use of paint
strippers containing DCM’. The study documented chamber experiments for five paint stripping
products used in the U.S,, including two paint-stripping products containing DCM. The two DCM
products were: 1) a spray-on product containing 80 to 85 percent DCM; and, 2) a brush-on
product containing >10 percent DCM. EPA/OPPT used descriptions of the study design and the
results to determine product application rates (i.e., in g/ft?and g/min) and estimated the
fraction of applied chemical mass that ultimately was released to the indoor air. Unfortunately,
the experimental data could not be used directly to assess indoor residential inhalation
exposures in this assessment because the values for the required exposure factors, (e.g.,
room/house volume, airflow rates, and surface area of object) did not reflect the range of
possible residential values. Furthermore, the experiments did not provide concentrations for
areas in the rest of the house where the product was not being used.

The calculated application rates were ~90 g/ft> and ~68 g/ft? for a brush-on and spray-on
application, respectively. These application rates are similar to those recommended by
Savogran (i.e., 42 to 83 g/ft? based on a nominal density of 1.1 g/cm?3)2,

Surface areas for the consumer exposure modeling were selected so that the resulting mass (g)
of the applied product corresponded approximately to the CPSC (1992) survey results for
amount of paint stripper used, as reported in the latest Exposure Factors Handbook (EFH) (EPA,
2011a). The CPSC (1992) survey reported the following central (near the median) and upper-
end estimates for the amount of paint stripper product used per event:

7 Appendix H discusses other studies that were reviewed, but were not used to estimate the emission profiles of
DCM-based paint strippers.

8 Savogran sells retail and industrial cleaning and paint preparation products, including paint removers
http://www.savogran.com/
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e 50 percentile value of 32 ounces or 1,000 g for the central-tendency surface area of 10 ft2.
The median value is also supported by Riley et al. (2001)°;
e ~80™ percentile value of 80 ounces or 2,500 g for the upper-end surface area of 25 ft2.

To assist the reader to visualize the exposure scenarios, a coffee table of 4 x 2.5 ft could
represent the central-tendency surface area of 10 ft?, while a chest of drawers 4 ft high x 2.5 ft
wide x 1.5 ft deep could represent the upper-end surface area of 25 ft2. The model used median
product masses of 900 and 680 g for the brush-on and spray-on scenarios, respectively. Upper-
end product masses for the brush-on and spray-on scenarios were 2,250 and 1700 g,
respectively.

The bathroom scenario occurred in a confined space and was assumed to be performed by a
home contractor, as opposed to a consumer. A lower mass of 477 g was used for the brush-on
bathroom scenario. The lower mass value was derived from the largest application amount
identified in the NIOSH report (CDC, 2012). A surface area of 36 ft2 was calculated for a bathtub,
resulting in an application rate of 13.25 g/ft?.

3.2.3.4 Stripping Sequence

The stripping sequence was based in part on product label instructions, which for some DCM-
containing products (i.e., Klean Strip® products) indicate that no more than 9 ft? should be
stripped at a time. Product label information also indicated that the stripping should be
repeated to remove multiple coats of paint. As a result, the surface areas of the coffee table,
chest and bathtub were divided as follows:

e 10-ft?coffee table: Surface area was divided into 2 application segments of 5 ft? each with
repeat application for a total of 4 segments;

e 25-ft?>chest: Surface area was divided into 4 application segments of 6.25 ft? each with
repeat application for a total of 8 segments;

e 36-ft?bathtub: Surface area was divided into 4 application segments of 9 ft? each with
repeat application for a total of 8 segments.

The stripping sequence for brush-on and spray-on applications was divided into 3 steps: (1)
product application, (2) wait period, and (3) scraping. EPA/OPPT used product label information
to establish the time durations (in minutes) that the user would require to complete each step.
Table H-7 in Appendix H describes the detailed stripping sequence for the brush-on application
to the chest surface.

It was further assumed that the paint scrapings were removed from the house as soon as
scraping was completed for the last segment. In addition, back-to-back stripping sequences

9 Riley et al. (2001) represents the most current use-pattern survey available for paint strippers. Refer to Appendix
H for more information on this study.
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with no overlapping activities were modeled because it is likely that the user would take breaks
during the wait period.

3.2.3.5 Amount of Chemical Released

The amount of chemical released during and after the stripping event is the product of three
parameters: amount applied to the surface (discussed above), weight fraction of chemical in
the applied product, and fraction of the chemical that is released to indoor air.

From the product list developed by (Brown, 2012), the median DCM weight fraction was
determined to be 0.53 for the brush-on application and 0.8 for the spray-on application. The
corresponding 90" percentile weight fractions were 0.88 for brush-on and 0.87 for spray-on. A
weight fraction of 1.0 (maximum exposure estimate derived from product label) was assumed
for the bathtub application.

Release fractions of 0.33 and 0.66 were used for brush-on and spray-on applications,
respectively, based on the analysis of the MRI chamber data (EPA, 1994a). Appendix H lists the
resultant mass released for the different application targets and methods.

3.2.3.6 Airflow Rates and Volumes

Information about the zone volumes, air exchange rates and interzonal air flows was obtained
from published sources including the 2011 EFH (EPA, 2011a), Riley et al. (2001), EPA (1995a),
Matthews et al. (1989) and CDC (2012).

The house volume chosen for the model runs (492 m3) was the central value listed in the 2011
EFH (EPA, 2011a). The volume assigned to the in-house workshop area was 54 m3, which is
similar to the value reported in Riley et al. (2001) for the mean volume of the room used for
paint stripping (51 m3). The volume for the ROH (438 m3) is determined by subtraction (492 m3-
54 m?3). For the bathtub scenario, the bathroom volume was set at 9 m3 for consistency with
that reported in CDC (2012).

The air exchange rate (ACH) values for the ROH were the central and low-end values of 0.45/hr
and 0.18/hr, respectively. The ACH values corresponded to the mean and 10t percentile values
reported by the 2011 EFH (EPA, 2011a) and represented the indoor-outdoor airflow rate for the
ROH.

For the workshop scenarios, it was assumed that multiple windows were opened. This
assumption was supported by both product’s labeling instructions and survey data that found
the majority of paint stripper users kept a window or door open during use (CPSC, 1992; EPA,
1987; Pollack-Nelson, 1995; Riley et al., 2001). The indoor-outdoor airflow rate assigned to the
workshop (68 m3/hr) was obtained by multiplying the room volume of 54 m3 by the 90t
percentile of the air-exchange-rate distribution from the EFH (1.26 hr; EPA, 2011a), as it was
thought to be a reasonable representation of the open-window case.
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ACH values and house volumes described above were used to derive the interzonal airflow
rates for the workshop scenarios. Appendix H describes how the interzonal airflow rates were
estimated using an algorithm developed by (EPA, 1995a).

The modeling of the tub stripping for the bathroom scenario considered a source-cloud effect
to better represent the user’s exposure to DCM emitted from the paint stripper. The concept of
a “source cloud” in the bathroom scenario assumes that the user is typically exposed to
elevated concentrations in the immediate vicinity of the application area while stripping the
bathtub for an extended period. To account for the source-cloud effect, the model was
designed to create a third zone (“source cloud”) within the bathroom to represent the DCM
concentrations in the vicinity of the tub. The airflow rate between the cloud and the rest of the
bathroom was based on work by Matthews et al. (1989). The indoor-outdoor airflows were
based on the air exchange rate of 0.18 ACH assuming windows closed and no exhaust fan.
Please refer to Appendix H, section H-3 (Inhalation Exposure Scenario Inputs: Airflow Rates and
Volumes) for more information.

3.2.3.7 Locations of Exposed Individuals

The model places the user in the work area for stripper application and scraping, which is either
in the workshop or a bathroom. During the waiting phase of the stripping process, the user may
be placed in the ROH as a central-tendency assumption or in the room of use as an upper-end
assumption. However, residential bystanders are located in the ROH.

Riley et al. (2001) supports the reasonableness of placing the user in the ROH during the wait
period. The survey reported that 65 percent of users take breaks outside the work area.
EPA/OPPT also assumed that users leaving the room of use would be aware of inhalation health
hazards from the product’s labeling warnings.

However, EPA assumes that some users would stay in the workshop because they do not read
the product’s labels and may therefore not be aware of health concerns or precautionary
techniques. Pollack-Nelson (1995) reported that ~28 percent of consumers did not read the
product labels while using paint strippers. Moreover, many labels do not specifically
recommend users to leave the room during the wait period. Riley et al. (2001) indicated that 20
percent of participants reported taking breaks inside the work area. EPA/OPPT assumed that
the user left the workshop during the wait period for most scenarios, but also included two
scenarios with the users staying in the workshop during the wait time.

3.2.4 MCCEM Modeling Scenarios

Changing the values for various combinations of input parameters generates a wide range of
plausible exposure scenarios and can increase the level of confidence in the model results.
Thus, EPA/OPPT conducted a sensitivity analysis as a first step to guide the development of
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exposure scenarios for the inhalation exposure assessment of DCM-based paint strippers. The
sensitivity analysis helped us to determine which parameters used in the model have the most
influence over the results of the assessment.

The types of factors that can be varied in MCCEM include the following:

e The configuration of the structure (residence in this case) being modeled, including the
number of zones, volume of each zone, airflow rates between each zone and outdoor air,
and airflow rates between zones (i.e., interzonal airflow rates);

e The quantity of DCM emitted from the applied product and the time-varying emission rate,
which are related to: (1) the type and area of surface being stripped; (2) the type of
application (e.g., brush-on vs. spray-on); and (3) the rate at which the product is applied to
the surface; and

e Locations during and after stripping of users and residential bystanders.

The methods for and results of this sensitivity analysis are described immediately below
followed by discussion of the consumer exposure scenarios supporting the risk assessment.

3.2.4.1 Sensitivity Analysis

The sensitivity analysis was conducted using an approach that has been termed a “nominal
range sensitivity analysis” (Frey and Patil, 2002). With this approach, a “base case” is defined
first, typically consisting of central values for each model input. The base case for the sensitivity
analysis was formed as follows:

e House volume of 492 m3 (corresponds to a 36 ft x 30 ft, two-story house with 8-ft ceiling);

e Workshop (area of product use) volume of 54 m3 (corresponds to a 20 ft x 12 ft room with
8-ft ceiling) and an indoor-outdoor airflow rate of 68 m3/hr (expected value for a room with
multiple open windows);

e Airflow rate of 197 m3/hr for the ROH, assuming windows closed, corresponding to an air
exchange rate of 0.45 ACH;

e Brush-on application with a target surface area of 10 ft%;

e Applied product mass of 900 g (90 g/ft?) and emitted (released to indoor air) DCM mass of
148.5 g, assuming a DCM weight fraction of 0.5 in the product and a release fraction of 0.33;

e User located in workshop during application and scraping periods but in ROH during wait
periods between applying/scraping and after completion of all applying/scraping.

The time required to apply and scrape the paint stripper, including the wait time between
applying and scraping, is about an hour, according to CPSC (1992). Consequently, the model
was run for a 24-hr period to capture all or most of the declining indoor-air concentrations
following the episode of product use.

For this assessment, the relevant exposure measures included the maximum TWA
concentrations for certain averaging periods (i.e., one, 10, and 30 minutes and 1, 4, and 8 hrs)
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in addition to the 24-hr TWA value. All the exposure durations were reported in the model runs;
but only the maximum 1-hr and the 24-hr TWA were used for the sensitivity analysis.

Figures 3-1 and 3-2 show a generic example of the user and bystander exposure to DCM for
selected averaging times.

Figure 3-1. Example of Time-Varying User Exposure Concentration and Maximum TWA
Values for Selected Averaging Times
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Figure 3-2. Example of Time-Varying Residential Bystander Exposure Concentration and
Maximum TWA Values for Selected Averaging Times
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The next step after running the base case consists of varying the input parameters—one at a
time—and recording the model response (i.e., average or peak concentrations to which
individuals are exposed). The “index of sensitivity” is the magnitude of change in model
response, typically expressed as a percent change from that of the base case. Details about the
computation approach for the sensitivity analysis are described in Appendix H, Section H-2
(Sensitivity Analysis for Inhalation Scenarios).

Figures 3-3 and 3-4 display the sensitivity results for two exposure measures, maximum 1-hr
TWA and 24-hr TWA, respectively. The results can be summarized as follows:

e The model is highly sensitive to changes in chemical mass as shown by a 75 percent change
from the base case response in both the user and residential bystander exposed to DCM for
1- and 24-hrs. This is indicative of a linear and proportional response.

e The model is even more sensitive to changes in the user location during the wait period
between applying and scraping (i.e., user stays in workshop vs. moves to ROH) irrespective
of whether the user is exposed to DCM for 1- and 24-hrs.

e The model response is somewhat sensitive to the ROH air exchange rate with outdoor air
(ROH ACH) for the bystander, but not for the user.

As a result of the sensitivity analysis, EPA/OPPT determined that the chosen modeling scenarios
should include some variations in each of these three factors (i.e., DCM chemical mass emitted,
user location during the wait period, and the ROH ACH with outdoor air) to address greater
model sensitivity.

Figure 3-3. Model Sensitivity Results: Percent Change from Base-Case Response for
Maximum 1-hr TWA for User and Residential Bystander

W 1-hour Peak User

M 1-hour Peak Non-User

% change from base case response

ChemmMass ROHACH Waorkshop Interzonal Workshop User Stays in
ACH Flow Volume Workshop

Notes:

Chem Mass= Chemical mass

ROH ACH= Rest of the house air exchange rate
Non-user= Residential bystander
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Figure 3-4. Model Sensitivity Results: Percent Change from Base-case Response for 24-hr
TWA for User and Residential Bystander

M 24-hour Average User

M 24-hour Average Non-User

% change from base case response

ChemMass ROHACH ‘Workshop Interzonal Workshop User Stays in
ACH Flawe Volume Workshop

Notes:

Chem Mass= Chemical mass

ROH ACH= Rest of the house air exchange rate
Non-user= Residential bystander

3.2.4.2 Exposure Scenarios for the DCM Inhalation Exposure Assessment

Table 3-5 lists the seven indoor exposure scenarios evaluated for this risk assessment. Also,
Table 3-6 summarizes the input parameters and assumptions that were used to build the
scenarios.

The following factors were considered in developing the scenarios:

e The type of application (i.e., brush-on or spray-on), weight fraction of applied product,
application rate, surface area of object to be stripped, and emission rate of the chemical
concern, which can affect the amount of DCM that ultimately is released to the indoor
environment;

e The location where the product is applied, which relates to exposure factors such as the
room volume and its air exchange rate with outdoor air;

e The house volume and air exchange rate, for reasons similar to those for the product use
location;

e Precautionary behaviors such as opening windows in the application room and the user
leaving the application room during the effect period, and related changes to the air
exchange rates and the proximity of the user to the source of DCM emissions.
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Table 3 5. Consumer Exposure Scenarios for the DCM Inhalation Exposure Assessment

Scenario Description
Scenario ID Type of Application | Location of Product Use Concent.ratl?n
Characterization®
1 Brush-on Workshop Central tendency
2 Brush-on Workshop User Upper-end
3 Brush-on Workshop User and Bystander upper-end
4 Spray-on Workshop Central tendency
5 Spray-on Workshop User Upper-end
6 Spray-on Workshop User and Bystander Upper-end
7 Brush-on Bathroom Bystander Upper-end

Note:
@ Conditions obtained by varying the most sensitive parameters within application type: DCM mass emitted;
user location during the wait period; and the rest of the house (ROH) air exchange rate with outdoor air.

Table 3 6. Summary of DCM Consumer Paint Stripping Scenario Descriptions and Parameters

DCM Released Room of Use House User
Scenario Conc. Surface Location By-
D Characte- Weight Area Application Release Stripping Method Volume, | Ventilation/ACH, | Volume, ROH During stander
rization Fraction | Treated?, | Rate, g/ft? Fraction m?3 1/hr m3 ACH, hr? Wait Location
ft2 Period b
Brush-on Exposure Scenarios in Workshop
1 Central 0.53 10 e Four sggments for coffee ROH
(central) coffee table (i.e., two 5-ft2 0.45
Upper-end table segments with repeat (central)
2 for user © (central) application) and eight Workshop
segments for chest of
drawers (i.e., four 6.25-ft2 Open windows/
segments with repeat 1.26 ROH
R 54 . 492 .
0.88 25 90 0.33 application) (professional (entire
Upper-end (upper- chest of e 2-minute application, (central) judgment, 90t (central) 0.18 time)
for user i i i
3 end) drawers 15-minute wait, and 4- percentile) (low- ROH
and (upper. minute scrape per end)
bystander € end) segment
* No overlapping activities
e Scrapings removed from
house after last scraping
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Table 3 6. Summary of DCM Consumer Paint Stripping Scenario Descriptions and Parameters

DCM Released Room of Use House User
Scenario Conc. Surface Location By-
D Characte- Weight Area Application | Release Stripping Method Volume, | Ventilation/ACH, | Volume, ROH During stander
rization Fraction | Treated?, | Rate, g/ft2 Fraction m3 1/hr m3 ACH, hr? Wait Location
ft2 Period b
Spray-on Exposure Scenarios in Workshop
a Central 0.80 10 e Four segments for coffee ROH
(central) coffee table (i.e., two 5-ft2 0.45
5 Upper-end table segments with repeat (central) Worksh
for user € (central) application) and eight orkshop
segments for chest of
drawers (i.e., four 6.25-ft2 .
. Open windows/
segments with repeat
I 1.26
application) 54 492 ROH
0.87 25 68 0.66 e 1-minute application, . (entire
Upper-end . . (central) (professional (central) A
(upper- chest of 15-minute wait, and 4- . h 0.18 time)
for user . judgment, 90*
6 end) drawers minute scrape per ' (low- ROH
and percentile)
bystander € (upper- segment end)
¥ end) o No overlapping activities
e Scrapings removed from
house after last scraping
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Table 3 6. Summary of DCM Consumer Paint Stripping Scenario Descriptions and Parameters

DCM Released Room of Use House User
Scenario Conc. Surface Location By-
D Characte- Weight Area Application Release Stripping Method Volume, | Ventilation/ACH, | Volume, ROH During stander
rization Fraction | Treated?, | Rate, g/ft2 Fraction m3 1/hr m3 ACH, hr? Wait Location
ft2 Period b
Brush-on Exposure Scenario in Bathroom
Simulation 0.88 36 13.25 0.33 e Eight segments (i.e., four 9 Window closed, 492 0.18 ROH ROH
for (upper- bathtub 9 ft2 segments with (low- no exhaust fan/ | (central) (low- (entire
bystander end) (upper- repeat application) end) d 0.18¢ end) time)
exposure end) e 3-minute application, (low-end)
15-minute wait, and 6-
7 minute scrape per
segment
* No overlapping activities
e Scrapings removed from
house after last scraping
Notes:

@ The surface area values were selected so that the calculated amount of product applied (in grams) corresponds approximately to the CPSC (1992) survey results for amount
of paint stripper used (50" percentile value of 32 ounces or 1,000 g for the central surface area of 10 ft? and ~80™" percentile value of 80 ounces or 2,500 g for the upper-
end surface area of 25 ft?).

b For all scenarios, the user is in the treatment room during the application and scraping times and in ROH after the last scraping.

¢ Changes in both chemical mass and ACH parameters are more influential than changes in only user location from workshop to the rest of the house. Consequently, the user
concentrations for Scenarios 3 and 6 are higher than those for Scenarios 2 and 5, respectively.

41 m3 for the vicinity of the tub (source cloud) and 8 m? for the rest of the bathroom.

¢ Because the user is working in the semi-enclosed work area (bathtub) for an extended period, a third zone (“source cloud”) was created within the bathroom to represent
the DCM concentrations in the vicinity of the tub; this is a virtual zone, with no physical boundaries. The airflow rate between the cloud and the rest of the bathroom was
based on work by Matthews et al. (1989)(for more information, see discussion in Appendix H, H.3. Inhalation Exposure Scenario Inputs (Airflow Rates and Volumes).

Abbreviations: ROH=room of use; ACH= air exchange rate
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The primary distinctions among the seven scenarios were as follows: type of application (i.e.,
brush vs. spray); location of product application (i.e., workshop for most scenarios, bathroom
for one scenario); and values used for other inputs including the DCM mass emitted, the user’s
location during the effect or wait period, and the air exchange rate of the rest of the house
(ROH) with outdoor air. The sensitivity analysis indicated that these latter three inputs were the
most sensitive variables in the modeling within application type.

Central-tendency or upper-end input parameters were used when building the exposure
scenarios. Central-tendency values!® are exposure values expected to be near the average or
median for the range of exposure values. On the other hand, upper—end values!? are plausible
exposure values from the upper half of the range of expected exposure amounts. Of the
scenarios listed in Tables 3-5 and 3-6, two are considered central tendency for both the user
and the bystander, four had combinations of inputs to estimate upper-end concentrations for
the user, and two of the latter also had input combinations to estimate upper-end
concentrations for the bystander.

EPA/OPPT developed the seventh scenario to simulate the actual reported conditions from a
Centers for Disease Control and Prevention (CDC)/NIOSH occupational exposure case for a DCM
paint stripper used on a bathtub (CDC, 2012; Chester et al., 2012). In this case, the user died
after using a DCM-based paint strippers in a confined (i.e., closed, poorly ventilated) bathroom.
Thus, the purpose of including this latter scenario was to estimate the DCM air concentrations
to residential occupants outside the use zone (i.e., bystanders) under conditions of high
product use in the room of use. The selected parameter values for scenario 7 (e.g., large surface
area, small room size, minimal ventilation, upper-end weight fraction, and low ROH ventilation)
would increase concentrations and exposures so that the combinations of parameter values
would be expected to result in upper-end to bounding concentrations for the user and
residential bystander.

Further details of the exposure scenario inputs are discussed in Appendix H, section H-3
(Inhalation Exposure Scenario Inputs).

10 As noted in Section 2.3.1 (Individual Risk) of the EPA (1992b) exposure assessment guidelines, “Individual risk
descriptors will generally require the assessor to make estimates of high-end exposure, and sometimes additional
estimates (e.g., estimates of central tendency such as average or median exposure).” For this assessment,
scenarios with central parameter values refer to a set of inputs that are expected to result in a central (i.e., near
the median) estimate of individual exposure.

11 As also noted in Section 2.3.1 of the EPA (1992b) exposure assessment guidelines, “a high end exposure estimate
is a plausible estimate of the individual exposure for those persons at the upper end of an exposure distribution.
The intent of this designation is to convey an estimate of exposures in the upper range of the distribution, but to
avoid estimates that are beyond the true distribution; these latter estimates are called “bounding.”

Conceptually, the high end of the distribution means above the 90" percentile of the population distribution, but
not higher than the individual in the population who has the highest exposure.” For this assessment, scenarios
labeled “upper-end” were modeled by selecting low- and high-end values for sensitive parameters. An “upper-
end” exposure estimate is above central tendency and may include the high end of the exposure distribution.
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3.2.5 Consumer Model Results

Table 3-7 provides the scenario-specific DCM air concentrations for the consumer user of DCM-
containing paint strippers and residential bystanders. These concentrations were calculated by
computing running averages and selecting the maximum of these averages. For example, for
the 1-hr averaging period, the 1-hr average concentration was calculated for each one-minute
start time during the 24-hr period (e.g., zero to 60, one to 61, and etc.), for which the maximum
of these averages is reported in Table 3-7. As the averaging time increases, the user to
bystander exposure ratio decreases. For example, the ratio of user to bystander maximum one-
minute concentration is ~5:1 for scenario 1, whereas the ratio is ~1.5:1 for the 24-hr user and
bystander TWA values.

Appendix H provides additional information on various aspects of the model output, such as the

following:

e Mathematical description of the calculations (section H-4, Inhalation Model Outputs and
Exposure Calculations)

e Comparison of results resulting from the MCCEM modeling and the Lawrence Berkley
Laboratory (LBL) study monitoring data (section H-5, Comparison of Modeling-based and
Monitoring-based Exposure Estimates)

e Scenario summaries for each of the modeled scenarios, including both model inputs and
results (section H-6, MCCEM Inhalation Modeling Scenario Summaries)
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Table 3 7. Modeled DCM Air Concentrations to Which Consumer Users and Residential Bystanders are Exposed
Maximum Values for Averaging Period, mg/m? (ppm)

S i Individual®
cenario naividua 1 Minute .10 .30 1 Hour 4 Hours 8 Hours 24 Hours
Minutes Minutes
1. Brush application in workshop, User 630 (180) 380 (110) 270 (78) 220 (64) 120 (35) 69 (20) 23(6.7)
central parameter estimates Bystander 130 (38) 130 (38) 130 (37) 120 (36) 82 (24) 49 (14) 17 (4.8)
L. 1,300 1,300 1,100 1,100 420 (120) 220 (64) 75 (22)
ot veton, | U | G | G | G | G
PP Bystander 220 (63) 220 (63) 220 (62) 210 (59) 140 (39) 82 (24) 28 (8.0)
3. Brush application in workshop, User 1,800 1,200 900 (260) 760 (220) 560 (160) | 400 (120) 160 (45)
upper-end user and bystander (520) (340)
estimates ® Bystander | 470 (140) | 470(140) | 470(140) | 460(130) | 380(110) 290 (83) 120 (34)
1 7 22 17 4 14 270 (77 1 44 2(1
4. Spray application in workshop, User (L’é?)()) 80 (220) 600 (170) 90 (140) 0(77) 50 (44) 52 (15)
tral t timat
central parameter estimates Bystander | 300 (87) | 300 (87) | 300(86) | 280(82) | 190(54) | 110(32) | 38(11)
5 lication i ksh User 2,000 1,900 1,800 1,600 620 (180) 330 (96) 110 (32)
pper-end user estimates® 570 | (550) | (510) | (460)
PP Bystander | 330(95) | 330(95) | 320(93) | 310(89) | 200(59) | 120(35) 42 (12)
6. Spray application in workshop, User 2,800 1,600 1,300 1,100 810 (230) | 580(170) 230 (66)
upper-end user and bystander (810) (470) (360) (320)
estimates ® Bystander | 710(210) | 710(210) | 710(200) | 700 (200) | 580 (170) | 430(120) | 180 (51)
2,428 1,455 887 (255 799 (230 536 (154 340 (98 135 (39
7. Brush application in bathroom, User (égg) (1"19) (255) (230) (154) (98) (39)
imulati
simuiation Bystander | 224 (64) | 224 (64) | 222 (64) | 218(63) | 187(54) | 150(43) | 70 (20)

Notes:
@ The bystander was assumed to be in Rest-of-House (ROH).
b Changes in both chemical mass and air changes per hour (ACH) parameters are more influential than changes in only user location from workshop to the rest
of the house. Consequently, the user concentrations for Scenarios 3 and 6 are higher than those for Scenarios 2 and 5, respectively.
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3.3 HAZARD/DOSE-RESPONSE ASSESSMENT

3.3.1 Approach and Methodology

3.3.1.1 Selection of Peer-Reviewed Hazard/Dose-Response Assessments as the
Source Documents for the DCM TSCA Assessment

EPA/OPPT’s work plan risk assessment for DCM is primarily based on the peer-reviewed hazard
and dose-response information?? published in the following reports:

e Toxicological Review of Methylene Chloride published in 2011 by EPA’s Integrated Risk
Information System (IRIS) (EPA, 2011c);

e Spacecraft Maximum Allowable Concentrations (SMAC) for Selected Airborne Contaminants:
Methylene chloride (Volume 2) published by the U.S. National Academies (NRC, 1996);

e Acute Reference Exposure Level (REL) and Toxicity Summary for Methylene Chloride
published by the Office of Environmental Health Hazard Assessment (OEHHA, 2008);

e Interim Acute Exposure Guideline Levels (AEGL) for Methylene Chloride developed by the
U.S. National Advisory Committee on AEGLs (NAC, 2008).

To a lesser extent, the Toxicological Profile for Methylene Chloride published by the Agency for
Toxic Substances and Disease Registry (ATSDR) was consulted for hazard information (ATSDR,
2000, 2010).

EPA/OPPT used the DCM IRIS assessment as the principal data source for chronic toxicity hazard
and dose-response information. The DCM IRIS assessment used a weight-of-evidence approach,
the latest scientific information and physiologically-based pharmacokinetic (PBPK) modeling to
develop hazard and dose-response assessments for carcinogenic and non-carcinogenic health
effects resulting from lifetime exposure to DCM.

The DCM IRIS assessment followed the principles set forth by the various risk assessment
guidelines issued by the National Research Council (NRC) and EPA. Primary, peer-reviewed
literature identified through September 2011 was systematically reviewed and included where
that literature was determined to be critical to the assessment (EPA, 2011c).

In addition, EPA/OPPT used the SMAC, the California acute REL and AEGL technical support
documents as the data source for acute toxicity hazard and dose-response information. SMACs
and the California acute REL for DCM are derived following the Guidelines for Developing

12 EPA/OPPT uses the hazard values (i.e., points of departure) and, in most cases, the same uncertainty factors that
were used to derive the SMAC, acute REL and AEGLs and EPA’s IRIS cancer/non-cancer values for chronic
exposures to DCM. Since EPA/OPPT is using margin of exposures (MOEs) to estimate risk, our approach does not
use the derived human health guidelines (e.g., RfC, SMAC, acute ERL and AEGLs) for risk estimation. See sections
3.3.1.2 and 3.3.1.3 for more details.
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Spacecraft Maximum Allowable Concentrations for Space Station Contaminants (NRC, 1992)
and California’s Air Toxics Hot Spots Program risk assessment guidelines for acute RELs (OEHHA,
1999), respectively. AEGLs are developed based on the criteria discussed in the Standing
Operating Procedures (SOP) for Developing Acute Exposure Guideline Levels for Hazardous
Chemicals (NRC, 2001).

Appendix | provides additional information about the information considered in the
development of the DCM IRIS (section I-1), AEGL (section I-2), SMAC (section I-3) and the
California acute REL (section I-4) toxicology assessments.

3.3.1.2 Chronic Hazard and Dose-Response Assessment: EPA IRIS Toxicological
Review of Methylene Chloride

EPA/OPPT used the DCM cancer and non-cancer hazard/dose-response assessments published
by the EPA’s IRIS program to estimate chronic risks for the occupational scenarios. A summary
of the approach and methodology is provided in sections 3.3.1.2.1 (Carcinogenic Effects) and
3.3.1.2.2 (Non-Cancer Effects).

3.3.1.2.1 Carcinogenic Effects Following Chronic Exposure to DCM

DCM is likely to be carcinogenic in humans by a mutagenic mode of action (EPA, 2011c). The
EPA IRIS cancer dose-response analysis used linear low-dose extrapolation to derive an
inhalation unit risk (IUR) of 4 x 10 per ppm (1 x 10 per mg/m?3; assuming a 70-year human
lifetime)®3. The IUR was used in the EPA/OPPT risk assessment to estimate excess cancer risks
for the inhalation occupational exposures scenarios.

The IUR for DCM was derived from mouse liver and lung tumor incidence data (Mennear et al.,
1988; NTP, 1986). The IUR is defined as the upper-bound excess lifetime cancer risk estimated
to result from continuous exposure to an agent at a concentration of 1 pg/m3in air (EPA,
2011c). There is high confidence in the IUR because it was based on the best available dose-
response data for liver and lung cancer in mice (EPA, 2011c). Moreover, the weight of evidence
from multiple in vivo and in vitro studies supported the mutagenicity of DCM and the key role
of glutathione S-transferase (GST) metabolism and the formation of DNA-reactive GST-pathway
metabolites (EPA, 2011c). Appendix J contains more information on how the cancer IUR was
developed for DCM. Table 3-8 lists the cancer dose-response information that EPA/OPPT used
in the work plan risk assessment for DCM.

EPA/OPPT decided not to use the IUR to calculate the theoretical cancer risk associated with a
single (acute) exposure to paint strippers containing DCM. NRC (2001) published methodology
for extrapolating cancer risks from chronic to short-term exposures to mutagenic carcinogens.

13 The inhalation unit risk for dichloromethane should not be used with exposures exceeding the point of
departure (BMDL1o = 7,700 mg/m3 or 2,200 ppm), because above this level the fitted dose-response model does
not characterize what is known about the carcinogenicity of DCM.
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These methods were published with the caveat that extrapolation of lifetime theoretical excess
cancer risks to single exposures has great uncertainties.

As NRC (2001) explains, “There are no adopted state or federal reqgulatory methodologies for
deriving short-term exposure standards for workplace or ambient air based on carcinogenic risk,
because nearly all carcinogenicity studies in animals and retrospective epidemiologic studies
have entailed high-dose, long-term exposures. As a result, there is uncertainty regarding the
extrapolation from continuous lifetime studies in animals to the case of once-in-a-lifetime
human exposures. This is particularly problematical, because the specific biologic mechanisms
at the molecular, cellular, and tissue levels leading to cancer are often exceedingly diverse,
complex, or not known. It is also possible that the mechanisms of injury of brief, high-dose
exposures will often differ from those following long-term exposures. To date, U.S. federal
regulatory agencies have not established regulatory standards based on, or applicable to, less
than lifetime exposures to carcinogenic substances (NRC, 2001).” Thus, the final EPA/OPPT work
plan risk assessment for DCM does not estimate excess cancer risks for acute exposures
because the relationship between a single short-term exposure to DCM and the induction of
cancer has not been established in the current scientific literature.

3.3.1.2.2 Non-Cancer Effects Following Chronic Exposure to DCM

The EPA IRIS non-cancer dose-response assessment calculated a hazard value of 17.2 mg/m?3
(4.8 ppm) for chronic DCM inhalation exposures (EPA, 2011c). The hazard value was estimated
by PBPK modeling and expressed as the 1 percentile of the distribution of human equivalent
concentrations (HEC) i.e. the HECqg the concentration at which there is 99% likelihood an
individual would have an internal dose less than or equal to the internal dose of hazard was
used to protect toxicokinetically sensitive individuals. EPA/OPPT used the PBPK-derived HEC as
the non-cancer hazard value for the occupational risk calculations.

The derivation of the non-cancer hazard value was based on the hepatic effects reported in a
2-year rat study. Specifically, female rats reported liver lesions (i.e., hepatic vacuolation)
following exposure to 500 ppm DCM for 6 hrs/day, 5 days/week for 2 years (Nitschke et al.,
1988a). The rat data were suitable for non-cancer dose-response analysis in the DCM IRIS
assessment. The animal-to-human extrapolation was conducted by PBPK modeling, coupled
with benchmark dose'* estimation. The DCM IRIS assessment chose the 15t percentile HEC i.e.
the HECq9 the concentration at which there is 99% likelihood an individual would have an
internal dose less than or equal to the internal dose of hazard of 17.2 mg/m?3 as the point of
departure (POD)*® for the non-cancer dose-response assessment because it would protect
toxicokinetically sensitive individuals. Appendix J contains more information on how the non-
cancer PBPK-derived HEC was developed.

14 The benchmark dose (BMD) is a dose or concentration that produces a predetermined change in response rate
of an adverse effect (called the benchmark response or BMR) compared to background (EPA, 2011c).
15 A point of departure (POD) is a dose or concentration that can be considered to be in the range of observed
responses, without significant extrapolation. A POD is used to mark the beginning of extrapolation to determine
risk associated with lower environmentally relevant human exposures (EPA, 2011b).
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There is high confidence in the key study supporting the non-cancer hazard value. Nitschke et
al. (1988a) is a well-conducted, peer-reviewed study that used three dose groups plus a control.
In addition, the inhalation database contains several studies consistently identifying the liver as
the most sensitive non-cancer target organ in rats (EPA, 2011c).

EPA/OPPT used the same endpoint and study-specific uncertainty factors (UFs) that the EPA
IRIS program applied to the PBPK-derived HEC to interpret the non-cancer risk estimates (i.e.,
margin of exposure, MOE*®) for workers. EPA/OPPT did not use a database uncertainty factor
for the benchmark MOE for specific endpoints. This uncertainty in the database is discussed
qualitatively in the risk characterization.

A total UF of 10 was used as the benchmark MOE and was allocated as follows:

e interspecies UF (UFa) of 3 to account for toxicodynamic differences between animals and
humans,

e intraspecies UF (UFu) of 3 to account for toxicodynamic differences within humans

Table 3-8 lists the cancer and non-cancer dose-response information that EPA/OPPT used in
this assessment to evaluate risks associated with chronic exposures to DCM.

16 Margin of Exposure (MOE) = (Non-cancer hazard value, POD) = (Human Exposure). The benchmark MOE is used
to interpret the MOEs and consists of the UFs for interspecies and intraspecies uncertainty set by the IRIS
program. Refer to section 3.4 for more information about the MOE calculations.
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Table 3 8. Cancer and Non Cancer Hazard Values Used in the Risk Evaluation of Chronic Exposures to Workers Using DCM

Based Paint Strippers

Uncertainty | Hazard Value
Route of .
Target Factors (UFs) Used in .
Effects . Exposure and . L, Additional
Organ/ | Species Duration POD Type Effect for Chronic Risk R Reference
Category Exposure Information3
System Concentrations? Benchmark Assessment
MOE?
Male liver tumors:
Mouse internal BMDjo and
BMDLjo=913.9 and Internal dose
, 6 hrs/day, 544.'4 mg DCM metat')ollzed Inhélat]on BMDL;gvalues Mennear
o Inhalation 5 days/week via GST pathway/liter Liver Unit Risk for each type of —et al
w Liver tissue/day, respectively (IUR): tumor were .
o and Mouse 0 ppm for 2 years, and Not 4 x 10 per converted into 1988
Z (male) ! beginning at lung applicable
< lung 2,000 ppm, Male lung tumors: ppm an IUR that
(3] 7-8 weeks of - tumors } . NTP
4,000 ppm age Mouse internal BMD4o and (1x 10 per combined both 1986
g BMDLio = 61.7 and 48.6 mg mg/m3) types of (1986)
DCM metabolized via GST tumors.
pathway/liter tissue/day,
respectively
Allometric
E Inhalation Rat internal BMDLyo = human mpodeling were
() 531.82 mg DCM Hepatic . equivalent .
E . Rat 0 ppm, 6 hrs/day, metabolized via effects UFa=3; concentratio used to NitSchie
Liver 5 days/week UFy=3; . calculate the et al.
Q (female) 50 ppm, for 2 vears cytochrome P450 (CYP) (vacuol Total UF=10 n (HEC) i.e. hazard value 1_988a
4 200 ppm, ¥ pathway/liter liver ation) - the HECgo: ; {1988a)
g 500 ppm tissue/day 17.2 mg/m3 (i-e., HECoo)
(4.8 ppm) from the rat
< PP internal
BMDLio.
Notes:
1 Airborne concentration conversion factor for DCM is 3.47 mg/m3 per ppm NIOSH (2011b)
2 Margin of Exposure (MOE) = (Non-cancer hazard value) + (Human Exposure). The benchmark MOE is used to interpret the MOEs and consists of the interspecies (UFa) and
intraspecies (UFy) uncertainty factors. UF values were those used in the DCM IRIS assessment (EPA, 2011c).
3 for further information see Appendix J
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3.3.1.3 Acute Hazard and Dose-Response Assessment

Workers and consumers can be exposed to a single (acute) exposure to DCM when handling
DCM-containing paint strippers. In this assessment, non-cancer risks following acute exposures
to DCM were assessed using the dose-response information (i.e., PODs) supporting the
derivations of the Spacecraft Maximum Allowable Concentrations (SMACs)(NRC, 1996) and the
Acute Exposure Guideline Levels (AEGLs)(NAC, 2008). The assessment also evaluated acute risks
with the POD from the California acute reference exposure level (REL)(OEHHA, 2008), but the
SMAC POD was preferred over the REL POD for reasons explained in Sections 3.3.1.3.1 (SMACs)
and 3.3.1.3.2 (California’s Acute REL). Although AEGLs are intended for emergency response
activities, the AEGL PODs were used in this assessment to evaluate acute risks associated with
discomfort/non-disabling (AEGL-1) and incapacitating (AEGL-2) effects following DCM exposure
from the use of paint strippers.

EPA/OPPT assumed that consumers would not generally perform paint stripping jobs on a
regular basis in their residences allowing sufficient time between exposures to clear DCM and
its metabolites from the body. This assumption was supported by DCM’s short plasma half-life
(~40 min) (DiVincenzo et al., 1972). Evaluation of acute risks in occupational scenarios is
appropriate based on the assumption that some workers could be rotating tasks and not
necessarily using DCM-based paint strippers on a daily basis. This type of exposure would allow
the worker to clear DCM and its metabolites before the next encounter with the DCM-
containing paint stripper.

The consumer exposure modeling indicated that virtually all of the DCM release occurs within

2 hrs after product application for both spray and brush paint strippers. This is very shortly after
the last scraping is finished due to DCM'’s relatively high volatility (Appendix H, section H-1-1-4).
After the peak concentration is reached, the modeling showed that the concentration decline is
due almost exclusively to ventilation rather than to declining emissions. EPA/OPPT used these
observations as the basis to select acute hazard values (i.e., SMAC and AEGL PODs) applicable
to 1-hr exposures for consumer scenarios.

In contrast, for occupational scenarios, the California REL POD was time scaled to 8 hrs to
compare the hazard value to the 8-hr air concentration estimated from the monitoring data.
This assumed that the worker would be performing paint stripping activities during the entire
8-hr work shift. The 8-hr AEGL-2 was used to evaluate whether the 8-hr occupational exposures
estimates exceeded the threshold for disability. However, comparisons of consumer exposure
estimates with AEGLs incorporated AEGL PODs for shorter or longer time durations (i.e.,
10-min, 30-min, 4-hr and 8-hr) in addition to the 1-hr POD to evaluate a wider concentration-
time response.

Sections 3.3.1.3.1 (SMAGCs), 3.3.1.3.2 (AEGLs), and 3.3.1.3.3 (California’s Acute REL) summarize
the approach and methodology used in the acute inhalation risk assessment. Appendix K
provides additional information about the definitions of the SMAC, AEGL and the California
acute REL values and how their respective PODs were derived.
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3.3.1.3.1 SMACs

SMAC s are developed by the U.S. National Academies (NAS) to provide guidance on chemical
exposures that may occur during normal operations of spacecraft as well as emergency
situations (NRC, 1996). EPA/OPPT used the SMAC’s dose-response assessment as the starting
point for deriving acute air concentrations for residential users of DCM-based paint strippers, as
well as other residential occupants that may be indirectly exposed (e.g., children, adults, the
elderly).

The DCM acute risk assessment used the acute POD of 350 mg/m?3 (100 ppm) supporting the
derivation of the 1-hr SMAC. The POD was considered the NOAELY’ for central nervous system
(CNS) effects associated with the formation of 3% carboxyhemoglobin (COHb) in human blood
based on various human studies (Andersen et al., 1991; Astrand et al., 1975; DiVincenzo and
Kaplan, 1981; Peterson, 1978; Putz et al., 1979; Ratney et al., 1974; Stewart et al., 1972).

The 1-hr SMAC POD derivation relied on COHb levels in human blood as an indicator of CNS
depression since the metabolism of DCM produces carbon monoxide (CO) and carbon dioxide
(CO,). Furthermore, there are extensive studies about the relationship between COHb blood

levels and human health adverse effects, primarily CNS effects. Thus, EPA/OPPT preferred the
1-hr SMAC POD over the 1-hr California acute REL (section 3.3.1.3.2) as the health protective
hazard value used to estimate acute risks for the consumer scenarios. The SMAC POD was
based on multiple human observations reporting increased COHb levels after DCM exposure,
coupled with the knowledge of what would be considered a NOAEL COHB level based on the
extensive CO database (NRC, 1996). However, the California acute REL POD was used to
estimate risks for occupational scenarios since an 8-hr SMAC POD was not available for the risk
calculations.

The SMAC assessment did not adjust the 1-hr POD with UFs as the intended audience for the
values is healthy astronauts. However, EPA/OPPT used a total UF of 10 as the benchmark MOE
when interpreting the MOE risk estimates. The total UF took into account a 10-fold factor for
variability within the human population based on the following reasons:

e an evaluation of the COHb data for different human subpopulations supports the approach
of retaining the default intraspecies UF of 10 under the premise that a level of 3% COHb is
considered protective of neurotoxic effects in most individuals (e.g., healthy individuals,
children), but may not be protective enough for patients with coronary artery disease and
the fetus (NRC, 2010). At COHb levels of 2 or 4%, patients with coronary artery disease may
experience a reduced time until onset of angina (chest pain) during physical exertion (Allred
et al., 1989a; Allred et al., 1989b, 1991). Other studies have also confirmed a reduced time
to onset of exercise-induced chest pain at a COHb between 2.5 and 4.5 percent (Anderson
etal., 1973; Aronow et al., 1972; Kleinman et al., 1989; Kleinman et al., 1998; Sheps et al.,
1987). Fetuses are at higher risk for CO toxicity because of higher CO affinity and slower CO

17 NOAEL= No-observed-adverse-effect level
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elimination (NRC, 2010). There are no studies reporting effects on the unborn after a single
acute exposure resulting in lower COHb levels (EPA, 2000a; NRC, 2010);

e adult workers and consumers of both sexes are expected to be the users of DCM-based
paint strippers, whereas residential bystanders (i.e., individuals of any age) are expected to
be indirectly exposed to DCM; and

e no need to apply an interspecies UF for animal-to-human extrapolation because human
data were used to support the 1-hr SMAC POD.

Appendix K contains more information on the derivation of the 1-hr SMAC POD. Table 3-9 lists
the derivation information for the SMAC POD used in this assessment

3.3.1.3.2 California’s Acute REL

Acute RELs are developed by the Office of Environmental Health Hazard Assessment (OEHHA)
from the State of California. The acute REL is defined as the concentration level at or below
which no adverse health effects are anticipated (i.e., one or eight hrs) in a human population,
including sensitive subgroups, exposed on an intermittent basis (OEHHA, 1999).

As an alternative approach to estimate acute inhalation risks, this assessment also considered
the POD of 840 mg/m?3 (240 ppm) supporting the derivation of the 1-hr acute REL. The POD was
considered the LOAEL?® for subtle impairment of the nervous system function in humans based
on human volunteers exposed to 195 ppm DCM (696 mg/m?3) for 1.5 hrs (Putz et al., 1979). The
1.5-hr exposure concentration was then time-scaled to obtain the 1- or 8-hrs PODs of

840 mg/m?3 (240 ppm) and 290 mg/m?3 (80 ppm), respectively. As discussed in Section 3.3.1.3.1,
EPA/OPPT preferred the 1-hr SMAC POD to estimate acute risks because the hazard value was
based on multiple human observations reporting increased COHb levels after DCM exposure,
coupled with the knowledge of what would be considered a NOAEL COHB level based on the
extensive CO database (NRC, 1996).

EPA/OPPT used a total UF of 60 as the benchmark MOE when interpreting the MOE risk
estimates based on the acute REL POD. The total UF consisted of an intraspecies UF of 10 to
account for human variability and a LOAEL-to-NOAEL UF*° of 6 (OEHHA, 2008).

Appendix K contains more information on the derivation of the 1-hr REL POD. Table 3-9 lists the
derivation information for the REL POD used in this assessment.

18 LOAEL= Lowest-observed-adverse-effect level
1% The acute REL documentation does not provide the basis for the selection of a LOAEL-to-NOAEL UF of 6.
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3.3.1.3.3 AEGLs

AEGLs are emergency response values designed for once-in-a-lifetime exposures to airborne
chemicals. AEGL values are threshold levels developed for three different health effect end
point tiers (discomfort/non-disabling effects = AEGL-1 threshold; disability = AEGL-2 threshold;
and death = AEGL-3 threshold) and different durations of exposure (10 min; 30 min; 1 hr; 4 hrs;
and 8 hrs) within the constraints of available data.

An AEGL threshold represents an estimated point of transition between one defined set of
symptoms or adverse effects in one tier and another defined set of symptoms or adverse
effects in the next tier (NRC, 2001). This concept is reflected in the definition of AEGLs which
describe AEGLs as maximum airborne concentrations above which there is an increasing
likelihood of the adverse effects associated with the respective AEGL tiers. In other words,
AEGL-2 and -3 values are not safe and are in the range where some human response may be
anticipated. The AEGL values are intended to protect the general public, including susceptible
individuals such as infants, children, the elderly, persons with asthma, and those with other
illnesses in the context of emergency-related chemical releases, and not consumer exposures
(NRC, 2001).

Recent reports have documented human fatalities among bathtub refinishers using DCM-based
paint stripping products (CDC, 2012; Chester et al., 2012). Such real-life situations support our
current risk approach of evaluating how far the acute consumer and occupational exposure are
from the thresholds for discomfort/non-disabling effects (AEGL-1) and disability (AEGL-2).
EPA/OPPT used these comparisons to provide an indicator of whether the exposure estimates
would be expected to produce human adverse effects following DCM exposure. Please note
that the comparisons to the AEGL-3 PODs were not included in this assessment as none of the
DCM air concentrations for the occupational and consumer scenarios exceeded the AEGL-3 POD
threshold for lethal effects. However, a summary of the AEGL-3 POD derivations is included in
Appendix K for reference.

The scientific literature supports two relevant toxicity endpoints for acute exposures to DCM:
(1) CNS depression related to the brain concentration of DCM itself; and (2) COHb formation in
the blood (NRC, 2008). Taking this into consideration, PBPK modeling was used to calculate
AEGL PODs based on DCM concentrations in brain and peak COHb in blood. CNS effects drove
the setting of AEGL values for the shorter exposure durations, whereas formation of COHb
determined the AEGL values for longer exposure durations. This is consistent with the
observations that CNS effects occur soon after the onset of exposure, while peak levels of COHb
in blood can be reached hours later after cessation of exposure. Also the metabolic pathway
leading to the formation of carbon monoxide is saturable around 500 ppm (NAC, 2008).

Table 3-9 describes the AEGL-1 and -2 PODs that EPA/OPPT used in the acute risk assessment. It

also summarizes derivation information for the AEGL PODs with more detailed information
found in Appendix K.
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Table 3 9.

Non Cancer Hazard Values Used in the Risk Evaluation of Acute Exposures to Workers and Consumers Using DCM Based

Paint Strippers
Route of Uncertaint
Exposure Hazard Value v
Target . Factors (UFs) .
Reference . and . Used in Acute Additional
Organ/ Species Duration POD Type Effect . for . Reference
Value Exposure Risk Information
System Concen Assessment Benchmark
R MOE 23
trations?
UFs were not NOAELs for CNS
applied to the | depression have not
1-hr SMAC. been reported for
Inhalation NOAEL = 100 ppm However, DCM exposures. A
(350 mg/m3) CNS depression EPA/OPPT linear regression
Central . . . NRC
SMAC Nervous Human COHb data 1hr related to 100 ppm applied a analysis estimated 1_996
from supported by formation of 3% (350 mg/m3) UFy=10 in the the DCM ¢
System ) . . . 2008
several various human COHb in blood acute risk concentration
sources studies assessment (350 mg/m?3) that
to account produces ~3 percent
for human COHb concentration
variability. in blood (NOAEL)
LOAEL = 195 ppm Impaired 1-hr REL POD= ten Berge equation
Inhalation (696 mg/m3) at 90 P 240 ppm geeq
. performance on (Cxt =k, n=2) was
. . Central . minutes (Putz et al., (840 mg/m3) UF,=10; .
California 90 min dual-task and used for time
Acute REL Nervous Human 195 ppm (1.5 hrs) 1979) or 240 ppm auditor UF.=6; adjustment from 90 OEHHA
System (696 ’ (840 mg/m3) when . ¥ . 8-hr REL POD= Total UF=60 ; . . (2008)
. . vigilance tests in to 60 min or 480 min
mg/m3) time adjusted to a humans 80 ppm (8 hrs)
60-min exposure (290 mg/m?3) ’
10-min = PBPK model was
870 ppm used. Time scaling
AEGL-1 No observed effect (3,000 mg/m3) was based on
. 4 .
(threshold central . for slight CNS No effect level - maximum ,DCM
Nervous Inhalation effects at 1-hr . 30-min = concentration in
for System 60- exposure to 514 for light- 690 ppm UFk=3 human brain. AEGL NAC
discomfort, i = : ( )
! / (Direct Human 213 to 120 min ppm (1,840 mg/m3) h.e.-;‘_ded_nes.s, (2,400 mg/m3) Total UF =3 PODs for 4-and 8-hr 2008
non- . (1-2 hrs) . difficulties in
. . effect in 986 ppm equivalentto a . 4 were not calculated
disabling . . . enunciation .
brain) brain concentration 1-hr = since they would be
effects) of 0.063 mM. 600 ppm above the
(2,130 mg/m3) corresponding AEGL-
4 2 values.
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Table 3 9. Non Cancer Hazard Values Used in the Risk Evaluation of Acute Exposures to Workers and Consumers Using DCM Based

Paint Strippers
Route of Uncertaint
Exposure Hazard Value v
Target . Factors (UFs) .
Reference i and X Used in Acute Additional
Organ/ Species Duration POD Type Effect . for . Reference
Value Exposure Risk Information
System Concen Assessment Benchmark
R MOE 23
trations?
Inhalation 10-min=1,700
CNS effects: ) ppm (6,000
Central CNS CNS DCM concentration Abcjs’:i:efzfsztéll\ls mg/m3)é PBPK model was
Nervous effects: effects: in human brain of offects in 30-min= 1,200 used. Time scaling
System 195 to Up to 0.137 mM humans ppm (4,200 was based on NAC
AEGL-2 (Direct 751 ppm 230 min | equivalent to a 230- mg/m3) 6 UFu=1 maximum DCM 5008
(threshold effect in (3.8 hr) min exposure to 1-hr= 560 H= concentration in (2008)
. Human Total UF =1 .
for brain or COHb 751 ppm . ppm (2,000 human brain (10 and
. e ’ COHb formation: . NRC
disability) 5 COHb formation: COHb —COHb formation mg/m3)7 30 minutes) or on 2—010
formation 0,117 or formation COHb formation: in patients with 4-hr=100 COHb formation (1-,
in blood) 253 ppm 50-70 No observed effect cofonar arter ppm 4-, and 8-hr
(0, 420, or min level (NOEL) of 4% dise\;se ¥ (350 mg/m3)7 exposure)
900 COHb 8-hr=60 ppm
mg/m3) (210 mg/m?3)’
Notes:

1

uoA wWwN

Airborne concentration conversion factor for DCM is 3.47 mg/m?3 per ppm NIOSH (2011b)
Margin of Exposure (MOE) = (Non-cancer hazard value, POD) + (Human Exposure). The benchmark MOE is used to interpret the MOEs and consists of UFs.
UFnx=intraspecies UF; UF.=LOAEL-to-NOAEL UF
These are the AEGL PODs without the 3X intraspecies UF adjustment.
PBPK modeling was used to predict both the DCM concentration in brain and COHb levels. The toxic endpoint (CNS effects or COHb formation) changed over
the exposure range of 10 min to 8 hrs. CNS effects determined the AEGL values for the shorter exposure durations, whereas formation of COHb determined the
AEGL values for longer exposure durations. This is consistent with the observations that CNS effects occur soon after the onset of exposure, while peak levels of
COHb in blood can be reached hours later after cessation of exposure. Also the metabolic pathway of carbon monoxide is saturable around 500 ppm (NAC,

2008).

AEGL derivations were driven by CNS effects.

AEGL derivations were driven by COHb formation.
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3.3.2 Human Health Hazard Summary

The information presented in this section is not intended to be an exhaustive discussion of
DCM'’s toxicity, but rather a summary of its toxicity via the inhalation route of exposure. The
section also summarizes the absorption, distribution, metabolism and excretion of DCM. Thus,
the reader is referred to the original documents for detailed toxicity data supporting the
summary presented in this document.

3.3.2.1 Absorption, Distribution, Metabolism and Excretion

DCM is rapidly absorbed through inhalation exposure. The pulmonary uptake of DCM ranges
roughly from 40 to 60 percent (Andersen et al., 1991; Gamberale et al., 1975; Stewart et al.,
1976), but may be up to 70 percent during the first minutes of exposure (Riley et al., 1966). The
uptake decreases with exposure duration and concentration (Peterson, 1978; Stewart et al.,
1976), and a steady-state absorption rate is generally achieved within 2 hrs for exposures up to
200 ppm (DiVincenzo and Kaplan, 1981; DiVincenzo et al., 1972).

Animal studies show that following absorption, DCM is rapidly distributed throughout the body,
including the liver, brain, and subcutaneous adipose tissue (ATSDR, 2000; Carlsson and
Hultengren, 1975; EPA, 2011c). DCM’s plasma half-life is estimated to be 40 minutes after
inhalation exposure (ATSDR, 2000; DiVincenzo et al., 1972). Metabolism occurs predominantly
in the liver, although additional transformation occurs in the lungs and kidneys (ATSDR, 2000).

In the liver, metabolism of DCM involves two primary pathways. The first pathway produces CO
and CO,, and saturation occurs at very low concentrations of a few hundred ppm. The second
pathway yields formaldehyde and formic acid, and saturation occurs at very high
concentrations (>10,000 ppm).

Acute toxic effects (i.e., CNS depression) may persist for hours after cessation of exposure
because of continued metabolism of DCM released from tissue storage (ATSDR, 1990). COHb
levels can continue to increase reaching peak levels as much as 5 to 6 hours after exposure
(ATSDR, 2000).

Elimination of DCM is predominantly through the lungs. Unchanged DCM also is found in small
amounts in the urine and feces (ATSDR, 2000). At low doses, a large percentage of DCM is
transformed into COHb and eliminated as CO, while at higher doses, more of the unchanged
parent compound is exhaled (ATSDR, 1990).

DCM has been detected in human breast milk (EPA, 1980; Pellizzari et al., 1982); thus, it is
possible that infants could be exposed to DCM through maternal exposures. However, PBPK
modeling suggests that lactating females who breast feed their infants will not deliver DCM in
guantities significant enough to be harmful (Fisher et al., 1997).
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Blood concentrations of DCM were below the level of detection in 1,165 individuals who
participated in the recent National Health and Nutrition Examination Survey (NHANES) 2003 to
2004 subsample of the U.S. population (CDC, 2009). DCM was present in the urine of workers
employed at a pharmaceutical factory. Urine levels appear to be nearly eliminated during the
overnight period after exposure has occurred (HSDB, 2012). Human health effects associated
with exposure to low environmental levels of DCM or low levels detected in biomonitoring
studies are unknown (CDC, 2009).

3.3.2.2 Human and Animal Toxicity Following Acute Exposure to DCM

Acute inhalation exposure of humans to DCM decreases the oxygen availability in the blood by
COHb formation. Acute exposure to DCM also results in neurological impairment from the
interaction of DCM with membranes in the nervous system (ACGIH, 2001; ATSDR, 2000; Bos et
al., 2006; Cherry et al., 1983; Gamberale et al., 1975; Putz et al., 1979; Winneke, 1974).

The organ most often affected in exposures to high levels of DCM is the brain. Effects on lung,
liver, or kidney have also been reported in humans as primary signs of DCM toxicity (NAC,
2008). In some cases, high COHb levels (i.e., up to 40 percent) are measured without serious
complaints. The reported COHb levels could not be linked to effects in a dose-related way in
any of the human observations (NAC, 2008).

Acute lethality in humans following inhalation exposure is related to CNS depressant effects.
These effects include loss of consciousness and respiratory depression, resulting in irreversible
coma, hypoxia, and eventual death (NAC, 2008). Especially at exposure to high concentrations
in which death occurs within a relatively short time, it is unlikely that the formation of CO will
have resulted in life-threatening levels of COHb (NAC, 2008). Only one fatal case was reported
to be related to a myocardial infarction (i.e., heart attack) without any signs of reported CNS
depression (NAC, 2008).

Acute non-lethal effects in humans are most frequently described as CNS-related only (NAC,
2008). Acute exposure to humans results in acute neurobehavioral deficits measured in
psychomotor tasks including: tests of hand-eye coordination, visual evoked response changes,
and auditory vigilance, which may occur at concentrations >200 ppm with 4—8 hrs of exposure
(ACGIH, 2001; ATSDR, 2000; Bos et al., 2006; Cherry et al., 1983; Gamberale et al., 1975; Putz et
al., 1979; Winneke, 1974). In few cases, cardiotoxic effects (i.e., evidenced by
electrocardiogram [ECG] changes) were reported in humans (EPA, 2011c).

Neurological evaluations in animals during and after acute inhalation exposure to DCM (i.e.,
>200 to 1000 ppm for 1 to 8 hrs) have resulted in CNS depressant effects with decreased motor
activity, impaired memory, and changes in responses to sensory stimuli (EPA, 2011c). Several
neurological mediated parameters, including decreased activity (Heppel and Neal, 1944; Heppel
et al., 1944; Kjellstrand et al., 1985; Weinstein et al., 1972), impairment of learning and memory
(Alexeeff and Kilgore, 1983), and changes in responses to sensory stimuli (Rebert et al., 1989),
were reported from acute and short-term DCM exposure. Evidence of a localized
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immunosuppressive effect in the lung resulting from inhalation DCM exposure was seen in CD-1
mice acutely exposed to 100 ppm for 3 hrs (Aranyi et al., 1986).

3.3.2.3 Human and Animal Toxicity Following Repeated Exposures to DCM

3.3.2.3.1 Non-Cancer Effects

Relatively little is known about the long-term neurological effects of chronic low level DCM
exposures in humans, although there are studies that provide some evidence of an increased
prevalence of neurological symptoms among workers with average exposures of 75 to 100 ppm
(Cherry et al., 1981). Long-term effects on some neurological measures (i.e., possible
detriments in attention and reaction time in complex tasks) have been observed in retired
workers whose past chronic exposures were in the 100 to 200 ppm range (Lash et al., 1991).
These studies are limited by the relatively small sample sizes and their low power for detection
of statistically significant results (EPA, 2011c).

Following repeated inhalation exposure to DCM, the liver is the most sensitive target for non-
cancer toxicity in rats and mice. Lifetime exposure was associated with hepatocyte vacuolation
and necrosis in F344 rats exposed to 1,000 ppm for 6 hrs/day (Mennear et al., 1988; NTP,
1986), hepatocyte vacuolation in Sprague-Dawley rats exposed to 500 ppm for 6 hrs/day (Burek
et al., 1984; Nitschke et al., 1988a), and hepatocyte degeneration in B6C3F1 mice exposed to
2,000 ppm for 6 hrs/day (i.e., lower concentrations were not tested in mice) (Mennear et al.,
1988; NTP, 1986). Other effects were renal tubular degeneration in F344 rats and B6C3F1 mice
at 2,000 ppm, testicular atrophy in B6C3F1 mice at 4,000 ppm, and ovarian atrophy in B6C3F1
mice at 2,000 ppm (EPA, 2011c).

Lung toxicity has also been reported in rodents exposed to DCM. In a 13-week exposure study
conducted by NTP (1986), rats exposed to 8,400 ppm DCM reported an increased incidence of
foreign body pneumonia (EPA, 2011c).

A two-generation inhalation exposure to DCM revealed no significant effects on reproductive
performance in rats (up to 1,500 ppm) (Nitschke et al., 1988b). Some evidence of a decrease in
fertility index was seen in male mice exposed to 150 and 200 ppm (Raje et al., 1988), and no
adverse effects on fetal development of mice or rats exposed to up to 1,250 ppm were seen by
(Schwetz et al., 1975). Decreases in fetal body weight and changes in behavioral habituation
were observed in offspring of Long-Evans rats exposed to 4,500 ppm during the gestational
period (Bornschein et al., 1980; Hardin and Manson, 1980).

Though few developmental effects were observed at high exposures to DCM (Bornschein et al.,
1980; Schwetz et al., 1975), there are no studies that have adequately evaluated
neurobehavioral and neurochemical changes resulting from gestational DCM exposure. The
available data identified changes in behavior habituation (Bornschein et al., 1980) and increases
in COHb (Schwetz et al., 1975) following DCM exposure (EPA, 2011c). (Bornschein et al., 1980)
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study observed developmental neurotoxicity effects at 4,500 ppm, this was the only dose group
used in the study. No other neurological endpoints have been evaluated in the available
developmental studies of DCM. The potential for developmental neurotoxicity occurring at low
exposures to DCM represents a data gap (EPA, 2011c).

The significance of this data gap also is supported by evidence from adult neurotoxicity testing
indicating that acute/short term exposures can affect neurotransmission and neurotransmitters
levels. These effects on neurotransmitters levels, while transient, may have qualitatively
different outcomes if they occur during development of the nervous system when
neurotransmitters serve a critical role in patterning the nervous system (Barone et al., 2000;
Rice and Barone, 2000).

3.3.2.3.2 Carcinogenic Effects

EPA concluded that DCM is likely carcinogenic in humans by a mutagenic mode of action (EPA,
2011c). The conclusion was based on evidence from both animal studies and epidemiological
data reporting DCM-induced carcinogenicity.

Studies in humans provide evidence for an association between occupational exposure to DCM
and increased risk for some specific cancers, including brain cancer (Hearne and Pifer, 1999;
Heineman et al., 1994; Tomenson, 2011), liver cancer (Lanes et al., 1990; Lanes et al., 1993),
non-Hodgkin lymphoma (Barry et al., 2011; Miligi et al., 2006; Seidler et al., 2007; Wang et al.,
2009), and multiple myeloma (Gold et al., 2011).

In addition, several cancer bioassays in animals have identified the liver and lung as the most
sensitive target organs for DCM-induced tumor development (EPA, 2011c). For example,
B6C3F1 mice reported statistically significant increases in hepatocellular adenomas and
carcinomas when exposed to DCM for 2 years via drinking water (NCA, 1983; Serota et al.,
1986). Lung and liver tumors were reported in B6C3F1 mice exposed to 2,000 or 4,000 ppm
DCM for 6 hrs/day, 5 days/week for 2 years by inhalation (Mennear et al., 1988; NTP, 1986).
Inhalation animal studies have also reported benign mammary tumors in F344 rats exposed to
2,000 or 4,000 ppm DCM for 6 hrs/day, 5 days/week for 2 years (Mennear et al., 1988; NTP,
1986). Brain tumors were observed in a 2-year inhalation study that exposed Sprague-Dawley
rats to relatively low concentrations of DCM (0-500 ppm) (Nitschke et al., 1988a). These tumors
are exceedingly rare in rats, and there are few examples of statistically significant trends in
animal bioassays (Sills et al., 1999). Please refer to Chapter 4 and 5 of the DCM IRIS assessment
for detailed information about the epidemiological and animal studies evaluated in the cancer-
assessment, as well as their strengths and limitations (EPA, 2011c).

The hypothesized mode of action for DCM-induced lung and liver tumors is through a
mutagenic mode of carcinogenic action. A weight-of-evidence analysis of in vivo and in vitro
data provide support to the proposed mutagenicity of DCM and the key role of GST metabolism
and the formation of DNA-reactive GST-pathway metabolites (EPA, 2011c).

Page 81 of 279



3.3.2.4 Susceptible Subpopulations

Certain human subpopulations may be more susceptible to exposure to DCM than others. One
basis for this concern is the potential effect of COHb, a metabolic byproduct of DCM exposure.
The COHb generated from DCM is expected to be additive to COHb from other sources. Of
particular concern are smokers who maintain significant constant levels of COHb and persons
with existing cardiovascular disease (ATSDR, 2000).

Varying susceptibility to DCM may be correlated with polymorphism in its metabolizing
enzymes. Genetic polymorphisms have been identified for both GST theta-1 and CYP2E1 (Garte
and Crosti, 1999).

Hemoglobin in the fetus has a higher affinity for CO than does adult hemoglobin. Thus, the
neurotoxic and cardiovascular effects may be exacerbated in fetuses and in infants with higher
residual levels of fetal hemoglobin when exposed to high concentrations of DCM (OEHHA
2001).

3.3.3 Summary of Hazard Values Used to Evaluate Acute and Chronic
Exposures

Table 3-10 summarizes the hazard values (i.e., PODs), adverse effects and UFs that are relevant
for the risk evaluation of acute and chronic exposure scenarios.
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Table 3 10. Summary of Inhalation Hazard Information Used in the Risk Evaluation of Acute

and Chronic Scenarios

Total
Exposure .
Duration Uncertainty
for Risk Hazard Value Used in Risk Assessment Effect Factor (UF) for
Analysis Benchmark
MOE
Inhalation Unit Risk (IUR): .
4 x 10 per ppm Liver and lung Not applicable
(1 x 10 per mg/m3) tumors
CHRONIC
EXPOSURE
15t percentile human equivalent concentration (HEC) i.e. the HECqo:
17.2 mg/m3 Liver effects Total UF=10
(4.8 ppm)
Central nervous
1-hr SMAC POD= 100 ppm system (CNS)
(350 mg/m?) depression related Total UF=10
to the formation of
3% COHb in blood
1-hr California REL POD= 240 ppm
(840 mg/m?) Impairment of the
NS Total UF=60
8-hr California REL POD=80 ppm
(290 mg/m3) (for occupational scenarios)
ACUTE
EXPOSURE AEGL-1 POD (threshold for discomfort/non-disabling effects) CNs effects
10-min= 870 ppm (3,000 mg/m3) (light headedness, Total UF=3
30-min= 690 ppm (2,400 mg/m3) difficulty in
1-hr= 600 ppm (2,130 mg/m3) enunciation)
o CNS effects for 10-
AEGL-? POD (threshold for disability) and 30-min AEGL-2
10-min= 1,700 ppm (6,000 mg/m3)® PODs
30-min= 1,200 ppm (4,200 mg/m3) & Total UF=1

1-hr= 560 ppm (2,000 mg/m3)7
4-hr= 100 ppm (350 mg/m3)7
8-hr=60 ppm (210 mg/m3)7

COHb formation for
1-, 4- and 8-hr
AEGL-2 PODs
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3.4 HUMAN HEALTH RISK CHARACTERIZATION

Exposure to DCM is associated with adverse effects on the nervous system, liver and lung.
These non-cancer adverse effects are deemed important for acute and chronic risk estimation
for the scenarios and populations addressed in this risk assessment.

DCM is likely to be carcinogenic to humans. The cancer risk assessment uses the IUR derived in
the 2011 DCM IRIS assessment based on liver and lung tumors in rodents. The weight-of-
evidence analysis for the cancer endpoint was sufficient to conclude that DCM-induced tumor
development operates through a mutagenic mode of action (EPA, 2011c).
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3.4.1 Risk Estimation Approach for Acute and Repeated Exposures

Tables 3-11 and 3-12 show the use scenarios, populations of interest and toxicological
endpoints that were used for estimating acute or chronic risks, respectively.

Use
Scenarios

Populations
And Toxicological
Approach

OCCUPATIONAL USE

RESIDENTIAL USE

Population of Interest and
Exposure Scenario:
Users

Adults of both sexes (>16 years old) exposed
to DCM during
an 8-hr workday 12

Adults of both sexes (>16 years old) typically
exposed to DCM for 1 hr. Other shorter
(10-min, 30-min) or longer exposure times
(4-hr, 8-hr) were also assumed when
comparing DCM air concentrations with
AEGLs.

Population of Interest and
Exposure Scenario:
Bystander

Adults of both sexes (>16 years old)
indirectly exposed to DCM while being in
the same building during product use.

Individuals of any age indirectly exposed to
DCM while being in the rest of the house
during product use.

Health Effects of Concern,
Concentration and Time
Duration

Non-Cancer Health Effects: CNS effects and COHb formation in the blood (see Table 3-10).

Hazard Values (PODs) for Occupational
Scenarios:?

8-hr California REL POD= 290 mg/m3
8-hr AEGL-2 POD = 210 mg/m?3

Hazard Values (PODs) for Residential
Scenarios:

1-hr SMAC POD= 350 mg/m?

1-hr California REL POD= 840 mg/m?3
10-min AEGL-1 POD= 3,000 mg/m3
30-min AEGL-1 POD = 2,400 mg/m?3
1-hr AEGL-1 POD = 2,130 mg/m?
10-min AEGL-2 POD = 6,000 mg/m?3
30-min AEGL-2 POD = 4,200 mg/m?3
1-hr AEGL-2 POD = 2,000 mg/m?
4-hr AEGL-2 POD = 350 mg/m?

8-hr AEGL-2 POD =210 mg/m?3

Cancer Health Effects: Acute cancer risks were not estimated. Relationship is not known

between a single short-term exposure to DCM and the induction of cancer in humans.

Uncertainty Factors (UF)
used in Non-Cancer
Margin of Exposure (MOE)
calculations

UF for SMAC PODs= 10

UF for California REL POD= 60
UF for AEGL-1 PODs= 3
UF for AEGL-2 PODs=1

Notes:
(~40 min).
based paint strippers.

8-hrs.

1 1t is assumed no substantial buildup of DCM in the body between exposure events due to DCM’s short biological half-life
2 EPA/OPPT believes that the users of these products are generally adults, but younger individuals may be users of DCM-

3 AEGL-1 POD for 8-hr is not available since the DCM AEGL technical support document did not derive AEGL-1 values for
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Use
Scenarios

Populations
And Toxicological
Approach

OCCUPATIONAL USE

Population of Interest and
Exposure Scenario:
Users

Adults of both sexes (>16 years old) exposed to DCM during

an 8-hr workday for up to 250 days per year for 40 working years depending on the
occupational scenario 2

Population of Interest and
Exposure Scenario:
Bystander

Adults of both sexes (>16 years old) indirectly exposed to DCM while being in the same

building during product use.?

Health Effects of Concern,
Concentration and Time
Duration

Hazard Value (PODs)
for Non-Cancer Effects

(liver effects):

1%t percentile human equivalent
concentration (HEC) i.e. the HECg9:

17.2 mg/m?3
(4.8 ppm)

Hazard Value (PODs)
for Cancer Effects
(liver and lung tumors):

Inhalation Unit Risk (IUR):
4 x 10> per ppm
(1x 105 per mg/m3)

Uncertainty Factors (UF)
used in Non-Cancer
Margin of Exposure (MOE)
calculations

UF for the HECo9 = 10

UF is not applied for the cancer risk calculations.

Notes:

1 1t is assumed no substantial buildup of DCM in the body between exposure events due to DCM'’s short biological half-life

(~40 min).

2 EPA/OPPT believes that the users of these products are generally adults, but younger individuals may be users of DCM-

based paint strippers.

3 Data sources did not often indicate whether exposure concentrations were for occupational users or bystanders.
Therefore, EPA/OPPT assumed that exposures were for a combination of users and bystanders. Some bystanders may

have lower exposures than users, especially when they are further away from the source of exposure.
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Acute or chronic MOEs (MOE;cute or MOEchronic) Were used in this assessment to estimate non-
cancer risks (Table 3-13).

Table 3 13. Margin of Exposure (MOE) Equation to Estimate Non Cancer Risks Following

Acute or Chronic Exposures to DCM

MOE acute or chronic = NOI‘I-Cancer Hazard Value (POD)

Human Exposure

MOE = | Margin of exposure (unitless)
Hazard value (POD) = | derived from various toxicological documents (see Tables 3-10, 3-11, 3-12)
Human Exposure = | Exposure estimate (in ppm) from occupational or consumer exposure
assessment. ADCs were used for non-cancer risks associated with chronic
exposures to DCM. Acute concentrations as expressed as 8-hr TWA DCM air
concentrations were used for acute risks.

Study-specific UFs were identified for each hazard value (i.e., POD). These UFs accounted for (1)
the variation in susceptibility among the members of the human population (i.e., inter-
individual or intraspecies variability); (2) the uncertainty in extrapolating animal data to humans
(i.e., interspecies uncertainty); and (3) the uncertainty in extrapolating from a LOAEL rather
than from a NOAEL.

The total UF for each non-cancer hazard value was the benchmark MOE used to interpret the
MOE risk estimates for each use scenario. The MOE estimate was interpreted as human health
risk if the MOE estimate was less than the benchmark MOE (i.e. the total UF). On the other
hand, the MOE estimate indicated negligible concerns for adverse human health effects if the
MOE estimate exceeded the benchmark MOE. Typically, the larger the MOE, the more unlikely
it is that a non-cancer adverse effect would occur.

Cancer risks for repeated exposures to DCM were estimated using the equation in Table 3-14.
Estimates of cancer risks should be interpreted as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to the potential carcinogen (i.e.,
incremental or excess individual lifetime cancer risk).

Table 3 14. Equation to Calculate Cancer Risks \

Risk = Human Exposure x IUR

Risk = | Cancer risk (unitless)
Human exposure = | Exposure estimate (LADC in ppm) from occupational exposure assessment
IUR = | Inhalation unit risk 4 x 10 per ppm (1 x 10”° per mg/m3) (EPA, 2011¢)
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3.4.2 Acute Non-Cancer Risk Estimates for Inhalation Exposures to DCM

The acute inhalation risk assessment used CNS effects to evaluate the acute risks for consumer
and occupational use of DCM-containing paint strippers. Health hazard values were derived
from the SMAC and the California acute REL hazard/dose-response assessments. This
assessment gives preferences to those acute risk estimates derived from the SMAC
hazard/dose-response assessment because the SMAC POD was based on multiple human
observations reporting increased COHb levels after DCM exposure, coupled with the knowledge
of what would be considered a NOAEL COHb level based on the extensive CO database (NRC,
1996).

Hazard values based on the AEGL hazard/dose-response assessment were also included in the
acute risk assessment. As discussed in section 3.3.1.3.3, AEGL PODs for the respective tiers
(discomfort/non-disabling effects = AEGL-1 threshold; disability = AEGL-2 threshold; and death
= AEGL-3 threshold) are selected to represent an estimated point of transition between one
defined set of symptoms or adverse effects in one tier and another defined set of symptoms or
adverse effects in the next tier (NRC, 2001). Although the AEGL PODs and total UFs do not have
the degree of conservatism that other values have, EPA/OPPT used them in this assessment to
gauge how far the acute consumer and occupational exposure are from the thresholds for
discomfort/non-disabling effects (AEGL-1) and disability (AEGL-2). These comparisons provide
an indicator of whether the exposure estimates would be expected to produce human adverse
effects following DCM exposure.

3.4.2.1 Acute Risks for Consumer Exposure Scenarios

Acute inhalation risks for CNS effects were reported for all of the consumer exposure scenarios
when risks were evaluated with the SMAC and the California acute REL PODs and respective
benchmark MOEs. There risks were reported for both the product user and the residential
bystanders exposed to DCM, irrespective of the type of product used (i.e., brush-on vs. spray-
on paint stripper) (Table 3-15).

Consumers using DCM-based paint strippers reported risk concerns for non-disabling effects
(AEGL-1) during the first hour of product use (i.e., 10-min, 30-min or 1-hr exposure). For
instance, MOEs based on the AEGL-1 PODs were lower than the benchmark MOE for users
using brush-on and spray-on products in those scenarios constructed with upper-end estimates
for either the user or the user and bystanders (Scenarios 2, 3, 5 and 6) (Table 3-16).

Likewise, risk concerns for incapacitating effects (AEGL-2) in product users were observed in
Scenarios 2, 3, 5 and 6 at longer exposure times (i.e., 4-hr or 8-hrs). Interestingly, these risks
were also reported for residential bystanders in Scenarios 3 and 6, where upper end user and
bystander parameters were used to construct the scenarios (Table 3-16).

The bathroom scenario (#7) was constructed to simulate a human fatality case during a bathtub
refinishing project. It was included in the assessment to estimate the DCM air concentrations to
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residential occupants outside the use zone (i.e., bystanders) under conditions of high product
use in the room of use. As expected, risk concerns for incapacitating effects (AEGL-2) were seen
in users exposed to DCM for 4- and 8-hrs. Similarly, the users showed risks for non-disabling
effects (AEGL-1) during the first hour of product use (i.e., 10-min, 30-min or 1-hr). Bystanders
did not show risk concerns for non-disabling (AEGL-1) and incapacitating (AEGL-2) effects at any
of the exposure durations (i.e., 10-min, 30-min, 1-hr, 4-hr or 8-hr) (Table 3-16).

Table 3 15. Acute Risk Estimates for Residential Exposures to DCM Based Paint Strippers:

SMAC and California’s REL PODs. MOEs below benchmark MOE indicate

potential health risks and are denoted in bold text
Maximum Margin of Exposure (MOE)
Value for 1'hr SMAC POD
Exposure Individual 1-hr Total UF or 1-hr California REL POD
Scenario Averaging Benchmark Total UF or
Period MOE=10*Preferred Benchmark MOE=60
(mg/m?3) Approach

Scenario #.1 L User 220 1.6 3.8
Brush application in
workshop,
central parameter values Bystander 120 2.9 7.0
scenario#2 User 1,100 0.3 0.8
Brush application in

ksh
workshop, Bystander 210 1.7 4.0
upper-end values for user
Scenario #3
Brush application in User 760 0.5 1.1
workshop, upper-end
values for user and Bystander 460 0.8 1.8
bystander estimates
scenario #4 L User 490 0.7 1.7
Spray application in

ksh I
workshop, centra Bystander 280 1.3 3.0
parameter values
ccenario#s User 1,600 0.2 0.5
Spray application in

ksh -
workshop, upper-end Bystander 310 1.1 2.7
values for user
Scenario #6
Spray application in User 1,100 0.3 0.8
workshop, upper-end
values for user and Bystander 700 0.5 1.2
bystander estimates
Scenario #7 User 799 0.4 1.1
Brush application in
bathroom, simulation Bystander 218 1.6 3.9
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Table 3 16. Acute Risk Estimates for Residential Exposures to DCM Based Paint Strippers: AEGL 1 and AEGL 2 PODs for Various

Exposure Durations. MOEs below benchmark MOE indicate potential health risks and are denoted in bold text

Maximum Values for Averaging Margin of Exposure (MOE)
Period, mg/m3
AEGL-1 PODs AEGL-2 PODs
Consurrfer Individual Total UF or Benchmark Total UF or Benchmark MOE =1
Scenario 10|30 e | e e =
min min 10-min 30-min 1-hr 10-min 30-min 1-hr 4-hr 8-hr
(3,000 | (2,400 | (2,130 (6,000 (4,200 (2,000 (350 (210
mg/m?) | mg/mi) | mg/md) | mg/md) | mg/m?) | mg/m3) | mg/mi) | mg/md)

Scenario #1:
Brush User 380 270 220 120 69 7.9 8.9 9.7 15.8 15.6 9.1 2.9 3.0
application in
workshop,
central
parameter Bystander | 130 130 120 82 49 23.1 18.5 17.8 46.2 32.3 16.7 4.3 4.3
estimates
Scenario #2:
Brush User 1,300 | 1,100 | 1,100 | 420 220 2.3 2.2 1.9 4.6 3.8 1.8 0.8 1.0
application in
workshop,
upper-end user | Bystander | 220 220 210 140 82 13.6 10.9 10.1 27.3 19.1 9.5 2.5 2.6
estimates
Scenario #3:
Brush User 1,200 | 900 760 560 400 2.5 2.7 2.8 5.0 4.7 2.6 0.6 0.5
application in
workshop,
upper-end user
and bystander Bystander | 470 470 460 380 290 6.4 5.1 4.6 12.8 8.9 4.3 0.9 0.7
estimates
Scenario #4:
Spray User 780 600 490 270 150 3.8 4.0 4.3 7.7 7.0 4.1 1.3 1.4
application in
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Table 3 16. Acute Risk Estimates for Residential Exposures to DCM Based Paint Strippers: AEGL 1 and AEGL 2 PODs for Various

Exposure Durations. MOEs below benchmark MOE indicate potential health risks and are denoted in bold text

Maximum Values for Averaging Margin of Exposure (MOE)
Period, mg/m3
AEGL-1 PODs AEGL-2 PODs
Consumer Individual Total UF or Benchmark Total UF or Benchmark MOE =1
Scenario 1(_)- 3(_)- 1-hr a-hr 8-hr MOE =3
min min 10-min 30-min 1-hr 10-min 30-min 1-hr 4-hr 8-hr
(3,000 (2,400 (2,130 (6,000 (4,200 (2,000 (350 (210
mg/m3) | mg/m?) | mg/m3) | mg/md) | mg/m3) | mg/m3) | mg/mi) | mg/md)
workshop,
central
Bystander | 300 300 280 190 110 10.0 8.0 7.6 20.0 14.0 7.1 1.8 1.9
parameter
estimates
Scenario #5:
Spray User 1,900 | 1,800 | 1,600 | 620 330 1.6 1.3 1.3 3.2 2.3 13 0.6 0.6
application in
workshop,
upper-end user | Bystander | 330 320 310 200 120 9.1 7.5 6.9 18.2 13.1 6.5 1.8 1.8
estimates
Scenario #6:
Spray User 1,600 | 1,300 | 1,100 | 810 580 1.9 1.8 1.9 3.8 3.2 1.8 0.4 0.4
application in
workshop,
upper-end user
and bystander Bystander | 710 710 700 580 430 4.2 3.4 3.0 8.5 5.9 2.9 0.6 0.5
estimates
Scenario #7:
Brush User 1,455 | 887 799 536 340 21 2.7 2.7 4.1 4.7 2.5 0.7 0.6
application in
bathroom, Bystander | 224 222 218 187 150 13.4 10.8 9.8 26.8 18.9 9.2 1.9 1.4
simulation
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3.4.2.2 Acute Risks for Occupational Exposure Scenarios

Acute inhalation risks for CNS effects were reported for most of the relevant industries when
occupational risks were evaluated with the California acute REL POD and respective benchmark
MOE. These risks were irrespective of the absence or presence of respirators and were
observed with central tendency or high-end DCM air concentrations. No risks were found for
workers handling DCM-based strippers in the art restoration and conservation industry

(Table 3-17).

Workers handling DCM-containing paint strippers with no respirator showed risks for
incapacitating effects (AEGL-2) when employed in all of the relevant industries, except the art
restoration and conservation industry (Table 3-17). These risks were present with either central
tendency or high-end DCM air concentrations of DCM.

Workers employed in industries with high exposure to DCM [i.e., professional contractors,
furniture refinishing, aircraft paint stripping, and immersion stripping of wood (non-specific
workplace settings)] typically showed risks for incapacitating (AEGL-2) effects when using APF
10 respirators (Scenario 2) during high exposure conditions. The use of APF 25 respirators
(Scenario 3) was not protective for workers employed in the immersion stripping of wood (non-
specific workplace settings when DCM air concentrations were as high as 7,000 mg/m3.
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Table 3 17. Acute Risk Estimates for Occupational Exposures to DCM Based Paint Strippers: AEGL 1 and AEGL 2 PODs for Various

Exposure Durations. MOEs below benchmark MOE indicate potential health risks and are denoted in bold text

Professional

Acute 8-hr concentration (mg/m?3)

Acute MOE (8hr-REL POD=290 mg/m?3)
Total UF or Benchmark MOE=60

Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)

Total UF or Benchmark MOE=1

Contractors Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
Scenario 1 (No 2,98
respirator, APF=0) 0 1,520 60 0.1 0.2 5 0.07 0.1 4
Scenario 2
(Respirator, APF 10) 298 152 6 1 2 48 0.7 1.4 35
Scenario 3
(Respirator, APF 25) 119 61 2 2 5 121 1.8 4 88
Scenario 4
(Respirator, APF 50) 60 30 1 5 10 242 4 7 175
; . Acute MOE (8hr-REL POD=290 mg/m?3) Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Automotive - 3
Refinishin Acute 8-hr concentration (mg/m?) Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
g Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
S iol(N
cenario 1 (No 253 | 416 253 90 1 0.7 1 3 0.8 0.5 0.8 2
respirator, APF=0)
Scenario 2
2 42 25. 2
(Respirator, APF 10) 5 5.3 9 12 7 12 32 8 5 8 3
Scenario 3
1 17 1 4 1 21 1 21
(Respirator, APF 25) 0 0 29 17 29 8 3 58
Scenario 4
2 161 42 2 42 117
(Respirator, APF 50) > 8 5 57 35 57 6 5
: . Acute MOE (8hr-REL POD=290 mg/m?3) Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Furniture - 3
finishi Acute 8-hr concentration (mg/m?) Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
Refinishing Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
iol (N 2,24
Scenariol (No g9 | 2, 1,125 4 06 | 0.1 0.3 73 0.4 0.1 0.2 53
respirator, APF=0) 5
Scenario 2
49.9 225 113 0.4 . . 725 4 . 2 525
(Respirator, APF 10) 6 1.3 2.6 0.9
Scenario 3
2 2 181 11 2 1312
(Respirator, APF 25) 0 20 4> 0 15 3 6 813 > 3
Scenario 4
1 2 A 2 21 262
(Respirator, APF 50) 0 45 3 0 29 6 13 3625 5 9 625
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Table 3 17. Acute Risk Estimates for Occupational Exposures to DCM Based Paint Strippers: AEGL 1 and AEGL 2 PODs for Various

Exposure Durations. MOEs below benchmark MOE indicate potential health risks and are denoted in bold text

Art Restoration
and

Acute 8-hr concentration (mg/m?3)

Acute MOE (8hr-REL POD=290 mg/m?3)
Total UF or Benchmark MOE=60

Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Total UF or Benchmark MOE=1

Conservation Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
resst)(?gajczs 1AI(DI\FISO) 2 145 105
(Respsiiz:c?rr,iZIEF 10) 0.2 1450 1050
(Res;i:jgi; 25) 0.1 3625 2625
Scenario 4 0.04 2250 c250

(Respirator, APF 50)

Aircraft Paint
Stripping

Acute 8-hr concentration (mg/m?3)

Acute MOE (8hr-REL POD=290 mg/m?3)
Total UF or Benchmark MOE=60

Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Total UF or Benchmark MOE=1

Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low

e ASF0) 30| 194 | 86 01 | 0.2 3 0.1 0.1 2
(Res;ij:jrr'iisF 10) 380 194 9 1 1.5 34 0.6 1 24
(Res;i::;rj‘;s’F 2) 152 78 3 2 4 84 1 3 61
Scenario 4 76 39 2 4 7 167 3 5 122

(Respirator, APF 50)

Acute MOE (8hr-REL POD=290 mg/m?3)

Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)

Graffitti - i 3
I Acute 8-hr concentration (m/m’) Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
Remova Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
S iol(N 1,18
cenario 1 (No | g5 | 1, 603 18 1 0.2 | 05 16 0.8 0.2 0.4 12
respirator, APF=0) 8
Scenario 2 118.
2 . 1. 161 2 11
(Respirator, APF 10) 6 8 €03 8 1 2 5 6 8 > ’
Scenario 3
1 2 . 2 292
(Respirator, APF 25) 0 48 4 0.7 28 6 12 403 0 4 9 9
Scenario 4 5 24 12 0.4 56 12 24 806 40 9 17 583

(Respirator, APF 50)
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Table 3 17. Acute Risk Estimates for Occupational Exposures to DCM Based Paint Strippers: AEGL 1 and AEGL 2 PODs for Various

Exposure Durations. MOEs below benchmark MOE indicate potential health risks and are denoted in bold text

Non-Specific Acute 8-hr concentration (mg/m?) Acute MOE (8hr-REL POD=290 mg/m?3) Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Workplace Settings & Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
- Immersion Mean High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
Stripping of Wood & P & P & P
Scenario 1 (No 7,00
respirator, APF=0) 0 3,518 35 0.04 0.1 8 0.03 0.1 6
Scenario 2
7 2 4 . . . . 0
(Respirator, APF 10) 00 35 0.4 0.8 83 0.3 0.6 6
Scenario 3
. 280 141 1 207 . 1.5 150
(Respirator, APF 25) 1 2 0.8
Scenario 4
. 140 70 0.7 414 2 3 300
(Respirator, APF 50) 2 4
Non-Specific . 3 Acute MOE (8hr-REL POD=290 mg/m?3) Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Workplace Settings Acute 8-hr concentration (mg/m’) Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
- Immersion
Stripping of Wood | Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
and Metal
Scenario 1 (No 1,01
respirator, APF=0) 7 825 633 0.3 0.4 0.5 0.2 0.3 0.3
Scenario 2 101.
(Respirator, APF 10) 7 83 63 3 4 S 2 3 3
Scenario 3
. 41 33 25 5 6 8
(Respirator, APF 25) 7 9 1"
Scenario 4
. 20 17 13 10 13 17
(Respirator, APF 50) 14 18 23
Non-Specific . 3 Acute MOE (8hr-REL POD=290 mg/m?3) Acute MOE (8hr-AEGL-2 POD=210 mg/m?3)
Workplace Settings Acute 8-hr concentration (mg/m’) Total UF or Benchmark MOE=60 Total UF or Benchmark MOE=1
- Unknown Mean | High Midpoint Low Mean High Midpoint Low Mean High Midpoint Low
S iol(N
cenariol(No 1 30, | 4og | 357 285 | 0.8 | 0.7 0.8 1 0.6 0.5 0.6 0.7
respirator, APF=0)
Scenario 2
2
(Respirator, APF 10) 36 43 36 9 8 7 8 10 6 5 6 7
Scenario 3
1 1 1 11 1 12 1 1
(Respirator, APF 25) 4 / 4 20 17 20 25 > > 8
Scenario 4
7 9 7 6 29 25 29 37
(Respirator, APF 50) 41 34 a1 51
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3.4.3 Non-Cancer and Cancer Risk Estimates for Chronic Inhalation
Exposures to DCM

Non-cancer and cancer risk estimates for inhalation exposures to DCM were only derived for
occupational scenarios since the exposures for consumer uses were not considered chronic in
nature. Hazard values were obtained from the EPA IRIS Toxicological Review of Methylene
Chloride (EPA, 2011c).

3.4.3.1 Cancer Risks for Occupational Exposure Scenarios

The cancer risk assessment evaluated the incremental individual lifetime cancer risks for
continuous exposures to DCM occurring during the use of paint stripping products. Excess
cancer risks were calculated by multiplying the EPA inhalation unit risk for DCM (EPA, 2011c) by
the exposure estimate (i.e., LADC). Cancer risks were expressed as number of cancer cases per
million.

Occupational scenarios assumed that the exposure frequency (i.e., the number of days per year
workers or bystanders are exposed to DCM) was either 125 or 250 days per year for an
occupational exposure duration of 20 or 40 years over a 70-yr lifespan. It is recognized that the
combination of these assumptions may yield conservative cancer risk estimates for some of the
occupational scenarios evaluated in this assessment. Nevertheless, EPA/OPPT does not have
additional information for further refinement of the exposure assumptions.

EPA typically uses a benchmark cancer risk level between 1x10* and 1x10°® for determining the
acceptability of the cancer risk in a population. Since the benchmark cancer risk level will be
determined during risk management, the occupational cancer risk estimates were compared to
three benchmark levels within EPA’s acceptability range. The benchmark levels were:
1. 1x10°®: the probability of 1 chance in 1 million of an individual developing cancer;
2. 1x10°: the probability of 1 chance in 100,000 of an individual developing cancer, which
is equivalent to 10 cancer cases in 1 million;
3. 1x10*: the probability of 1 chance in 10,000 of an individual developing cancer, which is
equivalent to 100 cancer cases in 1 million.

Tables 3-18 to 3-26 show the excess cancer risks calculated for workers of different industries
handling DCM-based paint strippers. Selected scenarios ranging from the highest exposure
scenario (i.e., no respiratory protection and high end values for EF and WY—i.e., Scenario 1) to
the lowest exposure scenario (e.g., respiratory protection APF 50 and midpoints for EF and
WY=Scenario 16) were included in the tables. Calculations of cancer risks for the full set of
industries and scenarios are provided in the supplemental Excel spreadsheet, DCM Exposure
and Risk Estimates_081114.xIsx.

Workers showed excess cancer risks for all of the industries evaluated when working with DCM-
based paint strippers for 250 days/year for 40 years with no respiratory protection (Scenario 1).
Generally, Scenario 1 exceeded the three target cancer levels with the exception of art
restoration and conservation that only exceeded the 1x10° target level.
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On the other hand, workers showed a reduction in cancer risks when working for 125 days/year
for 20 years with adequate respiratory protection (Scenario 16). That reduction in excess cancer
risk was one or two orders of magnitude depending on the industry involved in paint stripping

activities when compared with Scenario 1.

For Scenarios 3 and 15, occupational cancer risks for the different industries fell between the
risks calculated for Scenario 1 and 16, and generally exceeded one or more benchmark cancer
levels when workers were exposed to high or midpoint DCM air concentrations.

Table 3 18. Occupational Cancer Risks for Professional Contractors (Scenarios 1, 3, 15 and 16)

Highest Exposure

Lowest Exposure

Professional
Contractors

LADC (mg/m?3)

** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk

(Inhalation Unit Risk =

1x10°° per mg/m?3)

High

Midpoint

Low

High

Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

389

198

3.9E-03

2.0E-03

7.8E-05

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

16

0.31

1.6E-04

7.9E-05

3.1E-06

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.08

3.9E-05

2.0E-05

7.8E-07

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.04

1.9E-05

9.9E-06

3.9E-07
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Table 3 19. Occupational Cancer Risks for Automotive Refinishing (Scenarios 1, 3, 15 and 16)

Highest Exposure

Lowest Exposure

Automotive
Refinishing

LADC (mg/m3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk
(Inhalation Unit Risk =
1x10° per mg/m?3)

Mean High | Midpoint Low

Mean

High | Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

33 54 33 12

3.3E-04

5.4E-04 3.3E-04

1.2E-04

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

0.48

1.3E-05

2.2E-05 1.3E-05

4.8E-06

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.3 1 0.33 0.12

3.3E-06

5.4E-06 3.3E-06

1.2E-06

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.2 0.3 0.2 0.1

1.7E-06

2.7E-06 1.7E-06

6.0E-07

(Scenarios 1, 3, 15 and 16)

Table 3 20. Occupational Cancer Risks for Furniture Refinishing
LADC (mg/m3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Highest Exposure

Lowest Exposure

Furniture
Refinishing

Excess Cancer Risk
(Inhalation Unit Risk =
1x107° per mg/m3)

Mean High | Midpoint Low

Mean

High | Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

65 293 147 0.5

6.5E-04

2.9E-03 1.5E-03

5.0E-06

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

0.02

2.6E-05

1.2E-04 5.9E-05

2.0E-07

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.01

6.5E-06

2.9E-05 1.5E-05

5.0E-08

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.3 1.5 0.7 0.003

3.3E-06

1.5E-05 7.4E-06

2.5E-08
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Table 3 21. Occupational Cancer Risks for Aircraft Stripping (Scenarios 1, 3, 15 and 16)

Highest Exposure

Lowest Exposure

Aircraft Paint
Stripping

LADC (mg/m3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk
(Inhalation Unit Risk =
1x10° per mg/m?3)

High Midpoint Low

High

Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

496 254 11

5.0E-0

3 2.5E-03

1.1E-04

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

20 10 0.44

2.0E-0.

4 1.0E-04

4.4E-06

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.11

5.0E-0

5 2.5E-05

1.1E-06

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.06

2.5E-0

5 1.3E-05

5.5E-07

Table 3 22. Occupational Cancer Risks for Graffiti Removal (Scenarios 1, 3, 15 and 16)

Highest Exposure

Lowest Exposure

Graffiti Removal

LADC (mg/m?3)
** | ADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk
(Inhalation Unit Risk =
1x10°° per mg/m?3)

Mean High | Midpoint Low

Mean

High | Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

34 155 79 2.3

3.4E-04

1.6E-03 7.9E-04

2.3E-05

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

0.092

1.4E-05

6.2E-05 3.2E-05

9.2E-07

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.340 2 1 0.023

3.4E-06

1.6E-05 7.9E-06

2.3E-07

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.2 0.8 0.4 0.012

1.7E-06

7.8E-06 4.0E-06

1.2E-07
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Table 3 23. Occupational Cancer Risks for Non Specific Workplace Settings Immersion

Stripping of Wood (Scenarios 1, 3, 15 and 16)
Non-Specific
Workplace
Settings -
Immersion

Excess Cancer Risk
(Inhalation Unit Risk =
1x10°5 per mg/m3)

LADC (mg/m3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Highest Exposure

Lowest Exposure

Stripping of Wood

High

Midpoint

Low

High

Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

913

459

4.6

9.1E-03

4.6E-03

4.6E-05

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

37

18

0.184

3.7E-04

1.8E-04

1.8E-06

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.046

9.1E-05

4.6E-05

4.6E-07

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.023

4.6E-05

2.3E-05

2.3E-07
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Table 3 24. Occupational Cancer Risks for Non Specific Workplace Settings

Immersion

Highest Exposure

Lowest Exposure

Stripping of Wood and Metal (Scenarios 1, 3, 15 and 16)
Non-Specific
Workplace
Settings -
Immersion

Stripping of Wood
and Metal

LADC (mg/m3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk
(Inhalation Unit Risk =
1x10° per mg/m?3)

High Midpoint Low

High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

133 108 83

1.3E-03 1.1E-03 8.3E-04

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

5.3E-05 4.3E-05 3.3E-05

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

1.3E-05 1.1E-05 8.3E-06

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.415

6.7E-06 5.4E-06 4.2E-06

Table 3 25. Occupational Cancer Risks for Non Specific Workplace Settings

(Scenarios 1, 3, 15 and 16)

Unknown

Highest Exposure

Lowest Exposure

Non-Specific
Workplace
Settings -
Unknown

LADC (mg/m?3)
** LADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Excess Cancer Risk
(Inhalation Unit Risk =
1x10° per mg/m?3)

Mean High | Midpoint Low

Mean High | Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

47 56 47 37

4.7E-04 | 5.6E-04 4.7E-04 3.7E-04

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

1.9E-05 | 2.2E-05 1.9E-05 1.5E-05

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.5 1 0.5 0.4

4.7E-06 | 5.6E-06 4.7E-06 3.7E-06

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.2 0.3 0.2 0.2

2.4E-06 | 2.8E-06 2.4E-06 1.9E-06
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Table 3 26. Occupational Cancer Risks for Art Restoration and Conservation (Scenarios 1, 3, 15

and 16)

Art Restoration
and Conservation

LADC (mg/m3) Excess Cancer Risk
** LADCs for scenarios 2 to 16 have (Inhalation Unit Risk =
been adjusted with the multiplier 1x10° per mg/m3)
Mean | High | Midpoint | Low | Mean | High | Midpoint | Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years
(WY)]

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)
Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.3 3.0E-06

Highest Exposure

0.012 1.2E-07

0.003 3.0E-08

0.0015 1.5E-08

Lowest Exposure

3.4.3.2 Non-Cancer Risks for Occupational Exposure Scenarios Following Chronic
Exposure to DCM

EPA/OPPT estimated non-cancer risks for the occupational use of DCM-containing paint
strippers. Chronic exposure to DCM has been associated with liver effects. As previously
discussed, the DCM IRIS assessment developed a non-cancer hazard value (i.e., POD) based on
hepatic effects. EPA/OPPT used the PBPK-derived 15 percentile HEC i.e. the HECqg the
concentration at which there is 99% likelihood an individual would have an internal dose less
than or equal to the internal dose of hazard reported in the DCM IRIS assessment (EPA, 2011c)
to calculate non-cancer risks associated with the repeated use of DCM-based strippers at
different workplace settings.

Tables 3-27 to 3-35 show the non-cancer MOE estimates calculated for workers of different
industries handling DCM-based paint strippers on a repeated basis. Selected scenarios ranging
from the highest exposure scenario (i.e., no respiratory protection and high end values for EF
and WY—i.e., Scenario 1) to the lowest exposure scenario (e.g., respiratory protection APF 50
and midpoints for EF and WY-Scenario 16) were included in the tables. Calculations of non-
cancer risks for the full set of industries and scenarios are provided in the supplemental Excel
spreadsheet, DCM Exposure and Risk Estimates_081114.xlsx.

Most workers using DCM-based paint strippers showed non-cancer risks for liver effects, with

the exception of workers employed in the art renovation and conservation industry (Table 3-
30). For instance, risk concerns for liver effects were reported for most workers handling DCM-
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based paint strippers. These risk findings were reported with or without respiratory protection
and using the product in a repeated nature at facilities usually reporting central tendency or
high-end DCM air levels. Among all of the occupational scenarios, the greatest risk concern is
for workers engaging in long-term use of the product (i.e., 250 days/year for 40 years) with no
respiratory protection.

Non-cancer risks were not observed for workers that reduce their exposure to DCM-based
strippers by doing all of the following: (1) wearing adequate respiratory protection (i.e., APF 50
respirator), (2) limiting exposure to central tendency exposure conditions (i.e., 125 days/year
for 20 years) and (3) working in facilities with low-end DCM air concentrations. This observation
was reported in all of the relevant industries.

Table 3 27. Occupational Non Cancer Risks for Professional Contractors Following Chronic

Exposure to DCM (Scenarios 1, 3, 15 and 16)

ADC (mg/m?3) Chronic MOE (24hr HECgo =
Professional ** ADCs for scenarios 2 to 16 have 17.2 mg/m?3)
Contractors been adjusted with the multiplier Total UF or Benchmark MOE=10

High Midpoint Low High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for 680 347 14 0.025 0.050 1
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)
Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)
Note: MOEs below benchmark MOE indicating risk are denoted in bold text.

Highest Exposure

27 14 1 1 1 31

7 3 0.1 3 5 123

3 2 0.1 5 10 246

Lowest Exposure
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Table 3 28. Occupational Non Cancer Risks for Automotive Refinishing Following Chronic

Exposure to DCM (Scenarios 1, 3, 15 and 16)

ADC (mg/m3)
** ADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Chronic MOE (24hr HECgo =
17.2 mg/m3)
Total UF or Benchmark MOE=10

Automotive
Refinishing

Highest Exposure

Lowest Exposure

Mean

High

Midpoint

Low

Mean

High

Midpoint

Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

58

95

58

21

0.3

0.2

0.3

0.8

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

20

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.2

30

18

30

82

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

0.3

0.5

0.3

0.1

59

36

59

164

Highest Exposure

Lowest Exposure

Note: MOEs below benchmark MOE indicating risk are denoted in bold text.
Table 3 29. Occupational Non Cancer Risks for Furniture Refinishing Following Chronic

Exposure to DCM (Scenarios 1, 3, 15 and 16)

Furni ADC (mg/m?3) Chronic MOE (24hr HECgs =
urniture % ) 3
L. ADCs for scenarios 2 to 16 have 17.2 mg/m?3)
Refinishing been adjusted with the multiplier Total UF or Benchmark MOE=10
Mean High | Midpoint Low Mean High | Midpoint Low
Scenario 1
[No respirator, high
ends of ranges for 114 513 257 0.9 0.2 0.03 0.1 19
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high 5 21 10 0.04 4 0.8 2 478
ends of ranges for EF ' )
and WY)
Scenario 15
(Respirator APF 25, 1 5 3 0.01 15 3 7 1911
midpoints of ranges for '
EF and WY)
Scenario 16
(Respirator APF 50, 0.6 3 1 0.005 | 30 7 13 3822

midpoints of ranges for
EF and WY)
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Table 3 30. Occupational Non Cancer Risks for Art Restoration and Conservation Following

Chronic Exposure to DCM (Scenarios 1, 3, 15 and 16

Art Restoration/
Conservation

ADC (mg/m3)
** ADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Chronic MOE (24hr HECys =
17.2 mg/m?3)
Total UF or Benchmark MOE=10

Mean ?

Mean?

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

0.5

34

Highest Exposure

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

0.02

860

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

0.005

3440

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

Lowest Exposure

0.0025

6880

Note:

3 Based on one 8-hr TWA data point reported in the OSHA IMIS database.

Note: MOEs below benchmark MOE indicating risk are denoted in bold text.
Table 3 31. Occupational Non Cancer Risks for Aircraft Stripping Following Chronic Exposure to

~________ DCM(Scenarios 1,3,15and6)

Aircraft Paint
Stripping

ADC (mg/m?3)
** ADCs for scenarios 2 to 16 have
been adjusted with the multiplier

Chronic MOE (24hr HECgs =
17.2 mg/m?3)
Total UF or Benchmark MOE=10

High Midpoint Low

High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for
exposure frequency (EF)
and working years (WY)]

868 444 20

0.02 0.04 0.9

Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)

Highest Exposure

35 18 1

0.5 1 22

Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

Lowest Exposure

4 8 172
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Table 3 32. Occupational Non Cancer Risks for Graffiti Removal Following Chronic Exposure to

DCM (Scenarios 1, 3, 15 and 16)

ADC (mg/m3) Chronic MOE (24hr HECg9 =
Graffiti Removal ** ADCs for scenarios 2 to 16 have 17.2 mg/m?)

been adjusted with the multiplier Total UF or Benchmark MOE=10

Mean High | Midpoint Low Mean High | Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for 59 271 138 4 0.3 0.1 0.1 4
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)

Highest Exposure

2 11 6 0.2 7 2 3 105

1 3 1 0.04 29 6 12 420

Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

Note: MOEs below benchmark MOE indicating risk are denoted in bold text.
Table 3 33. Occupational Non Cancer Risks for Non Specific Workplace Settings (Immersion

0.3 1 0.7 0.02 58 13 25 839

Lowest Exposure

Stripping of Wood) Following Chronic Exposure to DCM (Scenarios 1, 3, 15 and 16)
Non-Specific
Workplace ADC (mg/m3) Chronic MOE (24hr HECes =

Settings - ** ADCs for scenarios 2 to 16 have 17.2 mg/m?3)
Immersion been adjusted with the multiplier Total UF or Benchmark MOE=10

Stripping of Wood

High Midpoint Low High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for 1,598 803 8 0.01 0.02 2
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)
Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

Highest Exposure

64 32 0.3 0.3 0.5 54

16 8 0.08 1 2 215

8 4 0.04 2 4 430

Lowest Exposure
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Table 3 34. Occupational Non Cancer Risks for Non Specific Workplace Settings (Immersion
Stripping of Wood and Metal) Following Chronic Exposure to DCM (Scenarios 1, 3,
15 and 16)
Non-Specific

Workplace
Settings -
Immersion

Stripping of Wood

and Metal

ADC (mg/m3) Chronic MOE (24hr HECgs =
** ADCs for scenarios 2 to 16 have 17.2 mg/m3)
been adjusted with the multiplier Total UF or Benchmark MOE=10

High Midpoint Low High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for 232 188 145 0.07 0.1 0.1
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)
Scenario 16 (Respirator
APF 50, midpoints of 1 1 1 15 18 24
ranges for EF and WY)
Note: MOEs below benchmark MOE indicating risk are denoted in bold text.

Table 3 35. Occupational Non Cancer Risks for Non Specific Workplace Settings (Unknown)

Highest Exposure

Lowest Exposure

Following Chronic Exposure to DCM (Scenarios 1, 3, 15 and 16)
Non-Specific
Workplace
Settings -
Unknown

ADC (mg/m?3) Chronic MOE (24hr HECgo =
** ADCs for scenarios 2 to 16 have 17.2 mg/m3)
been adjusted with the multiplier Total UF or Benchmark MOE=10

Mean High | Midpoint Low Mean High Midpoint Low

Scenario 1
[No respirator, high
ends of ranges for 81 98 81 65 0.21 | 0.18 0.21 0.27
exposure frequency (EF)
and working years (WY)]
Scenario 3
(Respirator APF 25, high
ends of ranges for EF
and WY)
Scenario 15
(Respirator APF 25,
midpoints of ranges for
EF and WY)
Scenario 16
(Respirator APF 50,
midpoints of ranges for
EF and WY)

Highest Exposure

1 1 1 0.65 21 18 21 26

0.41 0.49 0.41 0.33 42 35 42 53

Lowest Exposure
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3.4.4 Human Health Risk Characterization Summary

This risk assessment focused on the occupational and consumer uses of DCM-containing paint

strippers. The population of interest consisted of workers and consumers with direct (users) or
indirect (bystander) exposure to DCM. Only the inhalation route of exposure was considered in
this risk assessment.

The occupational and consumer exposure assessments generated the DCM exposure levels
required to derive non-cancer risk estimates associated with acute and chronic exposures to
DCM. In addition, cancer risks were estimated for occupational scenarios and expressed as
lifetime risks, meaning the risk of developing cancer as a result of the occupational exposure
over a normal lifetime of 70 yrs. Lifetime cancer risks from DCM exposure were compared to
benchmark cancer risks ranging from 10 to 10

Many of the occupational scenarios exceeded the target cancer risks of 10, 10 and 10 when
workers employed at various industries handled DCM-paint strippers for 250 days/year for

40 years with no respiratory protection. Adequate respiratory protection and reduced exposure
conditions (e.g., exposure to 125 day/year for 20 years) resulted in reduced cancer risks for
workers when compared to conditions of no respiratory protection while working with paint
strippers for a 250 days/year for a working lifetime (i.e., 40 years).

To characterize the risks of adverse health effects other than cancer, MOEs were used to
evaluate non-cancer risks for both acute and chronic exposures using hazard values derived
from peer-reviewed hazard/dose-response assessments. Health protective hazard values were
derived from the SMAC and the California acute REL hazard/dose-response assessments,
whereas hazard values for non-disabling (AEGL-1) and incapacitating (AEGL-2) effects were
obtained from the AEGL hazard/dose-response assessment for DCM.

Workers employed at most industries showed non-cancer risks for liver effects when using
DCM-based strippers on a repeated basis. The exception was the art renovation and
conservation industry which did not show non-cancer risks for the different scenarios evaluated
in the assessment.

Most workers handling DCM-based paint strippers are at risk of developing non-cancer effects
when they handle the product on a repeated basis with or without wearing respiratory
protection. These observations were seen under various exposure conditions (i.e., exposure
frequency and working years) in facilities reporting central tendency or high-end DCM air levels.
Of special interest are workers using DCM-containing paint strippers engaging in long-term use
of the product (i.e., 250 days/year for 40 years) with no respiratory protection as they showed
the greatest risk concern for non-cancer risks.

On the contrary, non-cancer risks were not observed in workers that reduced their chronic
exposure to DCM by doing all of the following: (1) wearing adequate respiratory protection (i.e.,
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APF 50 respirator), (2) limiting exposure to central tendency exposure conditions (i.e.,
125 days/year for 20 years), and (3) working in facilities with low-end DCM air concentrations.

Most occupational and residential users of DCM-based paint strippers reported acute risks for
CNS effects when the SMAC and California’s acute REL hazard values were used for risk
estimation. These risks were observed in workers with or without respiratory protection and
residential bystanders indirectly exposed to DCM.

There were concerns for discomfort/non-disabling (AEGL-1) and incapacitating (AEGL-2) effects
for residential users exposed to DCM for shorter (10-min, 30-min, 1-hr) or longer exposure
durations (4-hr, 8-hr) while doing the product application or staying in the residence after
completion of the stripping task. These concerns were present for upper-end exposure
conditions in the residential scenario as well as