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Contaminant concentration

Air concentraton

DegreeCelsius

Average far field concentration

Time weighted average far field concentration
Average near field concentration

Time weighted average near field concentration
Modeled peak concentration
ChemicalbstractsServiceRegistryNumber
Confidential business information

Chemical Control Division

Chemical Carcinogenesis Research Information System
ChemicaData Reporting

Consumer exposure module

ChemistryEconomics, and Sustainable Strategies Division
Confidence interval

Centimeter(s)

Cubic meter(s)
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CNS
COo
CYP
DEv
DIY
DNA
EC
ECA
ED
EF
EFAST2
EFH
EMIC
EPA
ERG
EU
EvapTime
FF
FQ
FSA
ft

ft2

ft3

g
g/cm?
g/L

G

GM
GSD
GD
GENETOX
GSH
Hnr
HAPs
HCV
HEC
HHE
hr
HSDB
HSIA
A
IARC
IMIS
InhR
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Central nervous system

Carbon dioxide

Cytochrome P450

Duration of an event
Doit-yourself

Deoxyribonucleic acid
Engineering controls
Enforceable consent agreement
Exposure duration

Exposure frequency

Exposure and Fate Assessment Screening Tool version 2

Exposurd-actors tdndbook
Environmental Mutagens Information Center
Environmental Protection Agency
Eastern Research Group, Inc.
European Union

Evaporation time

Far field

Frequency of product use

Free surface area

Foot/feet

Square foot/feet

Cubic foot/feet

Gram(s)

Grans per cubic centimeters

Grams per liter

Average generation rate

Geometric mean

Geometric standard deviation
Gestational day

Genetic Toxicology Data Bank
Glutathione (reduced)

Near field height

Hazardous air phltants

Human cancer value

Human equivalent concentration
Human Health Evaluation

Hour(s)

Hazardous Substances Data Bank
Halogenated Solvents Industry Alliance
Indoor air

International Agency for Research on Can
Integrated Management Information System
Inhalation rate
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IRIS
IUR

Kow

Koc

Ib

Lne
LADC
LADD
LEV

LT
LOAEL

MCCEM
>3JRY
mg
mg/kg-bw
mg/L
mg/m3
mg/mL
min

MITI
Mlbs

mm Hg
MOE
MOEucute
MO Ehronic
MOU
MW
NAICS
NAPL
NAS
NCEA
NCI

NEI
NESHAP
NF
NF/FF
NHANES
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Integrated Risk Information System
Inhalation unit risk

Emission rate

Octanol:water partition coefficient

Kilogram(s)

Soil organic carbowater partitioning coefficient
Liter(s)

Pound(s)

Near field length

Lifetime average daily concentration

Lifetime average daily dose

Local exhaust ventilation

Lifetime

Lowestobservedadverseeffect level
Model-averaging

Meter(s)

Square meter(s)

Cubic meter(s)

Multi-Chamber Concentration and Exposure Model
Microgram(s) per cubic meter

Milligram(s)

Milligram(s) per kilogram body weight
Milligram(s) per liter

Milligram(s)per cubic meter

Milligram(s) per milliliter

Minute(s)

Ministry of International Trade and Industry
Million of pounds

Millimeters of mercury

Margin of exposure

Margin of exposure for acute exposures
Margin of exposure for chronic exposures
Memorandum of understanding

Molecular weight

North American Industry Classification System
Nonaqueous phase liquid

National Academiesf Science

National Center for Environmental Assment
National Cancer Institute

National Emissions Inventory

National Emissions Standards for Hazardous Air Pollutants
Near field

Near field/far field

National Health and Nutrition Examination Survey
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NICNAS National Indistrial Chemicals Notification and Assessment Scheme
NIH National Institutes of Health

NIOSH National Institute for Occupational Safety and Health
NIST National Institute of Standards and Technology

nm Nanometer(s)

NOAEL No-observedadverseeffect level

NOES National Occupational Exposure Survey

NOHSC National Occupational Health and Safety Commission
NJDEP New Jersey Department of Environmental Protection
NPS Nonpoint source

NTP National Toxicology Program

OAR Office of Air and Radiation

OCSPP Office of Chemical Safety and Pollution Prevention
OECD Organization for Economic @peration and Development
OPPT Office of Pollution Prevention and Toxics

OR Odds ratio

OSHA Occupational Safety and Health Administration
OSWER Office of Solid Wastand Emergency Response

ow Office of Water

0z Ounce(s)

PERC Perchloroethylene

PEL Permissible gposurelimit

PA Personal air

PBZ Personal breathing zone

PID Photoionization detector

PND Postnatal day

POD Point of departure

ppb Parts per billion

ppm Parts per million

PS Point Source

PVC Polyvinyl chloride

Qrr Far field ventilation rate

ONF Near field ventilation rate

QA Quiality assurance

QC Quiality control

RAD Risk Assessment Division

RCRA Resource Conservation and Recovery Act

REACH Regstration Evaluation Authorization and Restriction
RfC Reference concentration

RfD Reference dose

RR Rate ratio

RTECS Registry of Toxic Effects of Chemical Substances

S Second(s)

SAB Science Advisory Board
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SARA
SCG

SD

SDS
SNAP
SVHC

t

TCA
TCE
TOXLINE
TRI
TSCA
TSCATS
TWA

UF

UFs

UR

UR

UR

U

US EPA
VEr

0

VNF
VOC

VP
WWTP
WNF
WY

Yr (S)
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Superfund Amendments ariReauthorization Act
Scientific Consulting Group, Inc.

Standard deviation

Safety data sheet(s)

Significant New Alternative Policy for ozone depleting substances
Substance of Very High Concern

Time

Trichloroacetic acid

Trichloroethylene

Toxicology Literature Online

Toxics Release Inventory

Toxic Substances Control Act

Toxic Substance Control Act Test Submissaiabase
Timeweighted average

Uncertainty factor

Subchronic to chnaic uncertainty factor
Interspecies uncertainty factor

Intraspecies uncertainty factor

LOAEL to NOAEL uncertainty factor

Database uncertainty factor

United States Environmental Protection Agency
Far field volume

Indoor wind speed

Near field volume

Volatile organic compound

Vapor pressure

Waste Water Treatment Plant

Near field width

Working years

Year(s)
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EXECUTIVE SUMMARY

la F LINID 2F 9t! QaiH28YKNERSFaA WS I 3B NPE OK SEA A
management, in March 2012, EPA identified a work plan of chemicals for further assessment

under the Toxic Substances Control Act (TSTA& Agency is performing risk assessments for

chemicals in the work platf. an assessment identifies unacceptable risks to humans or the
environment, EPA will pursue risk management. EPA/OPPT asseBemuidpropane (BP), also

referred to as-propyl bromide (TSCA inventory name), as part of this work plan.

1-BP is a solverihat exhibits high volatility, low flammability, and eaplosivity It has low
persistence and low bioaccumulation potential in the environmerBPLis produced or imported

in the US in large quantities and is a high production volume chenaigat (5 nillion Ib in 201).

It has a variety of TSCA uses including numerous solvent applicataegr@asingspray

adhesives, and dry cleaning. In the pasBRA was used as a solvent for fats, waxes, or resins and
as an intermediate in pharmaceutical, inseade, quaternary ammonium compound, flavordan

fragrance synthesiNTP, 2018

Focus of this Risk Assessment

EPA/OPPT identifiedBP for further evaluation in the TSCA work plan based on high hazard
concerns due to its toxicity profile, and high exposure concerns due to its esasamer

products. During scoping and problem formulation, EPA/OPPT considered all known TSCA uses for
1-BP and focused on those which involve products with hig@Icontent, and those which are
emissive, exhibiting high potential for worker and/or consrmexposure. Occupational uses of
concern identified for BP include its use in spray adhesives, dry cleaning (including spot
cleaning), and degreasing (vapor, cold cleaning, and aerosol). Consumer uses of concern
identified for 2BP include those that wolve aerosol spray adhesives, aerosol spot removers, and
aerosol cleaning and degreasing produgteany of which were identified to contain 60%

1-BP

Based on the physicghemical properties and use scenarios described in this assessment,
EPA/OPP&xpectsinhalationto be the primaryexposureroute of concernfor 1-BP. Because of
limited toxicological data and the lack of toxicokinetic information needed to develop
physiologicallypased pharmacokinetic models for rodtie-route extrapolationsEPAOPPT did
not evaluate @rmal exposures

EPA/OPPT reviewed the evidence faBR toxicity and selected liver toxicity, kidney toxicity,
reproductive/developmental toxicity, neurotoxicity, andrezseras the most robust, sensitive and
consistent adversbuman healtheffects for risk characterization. EPA/OPPT applied benchmark
dose (BMD) modeling and when modeling results were adequate, generated points of departure
(PODs) for the selected endpoints.

1 http://www.epa.gov/assessingnd-managingchemicalsundertsca/assessmentscawork-plan-chemicals
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EPA/OPPT did not include a quantitatexealuationof envronmental effects in this risk
assessmenbecause 1BPexhibitsa low hazard ptential for ecological receptors analow
persistence and bioaccumulatigrotential if released into aquatic or terrestrial environments

Risk Assessment Approach

EPA/OPPT evaluated acute and chronic inhalation exposures to workers and occupatienal non
users in association withhBP use in spray adhesives, dry cleaning (including use in spot cleaning),
and degreasing (vapor, cold cleaning, and aerosol). EPA/ORRvalgated acute exposures to
consumers in association withBP use in aerosol spray adhesives, aerosol spot removers, and
aerosol cleaners and degreasers. Acute exposures were defined as those occurring within a single
day; whereas chronic exposures watefined as exposures comprising 10% or more of a lifetime
(U.S. EPA, 20).1Repeated exposures (e.g., fo@nsecutive days or more) are anticipated during
chronic exposure.

For the occupational exposure assessm&RA/OPPT used monitoring data from literature
sources where available, and a modeling approach to estipatential inhalation exposures:or
the consumer exposure assessmdaPA/OPPT relied enodels incorporating information on
generalized consumer use patterns, and the physsbamical properties of-BP to estimate
potential inhalation exposures.

Theevaluation ofnon-cancerrisks associated witacute exposures was based on developmental

toxicity (WIL Research, 200 which is representative of a sensitive subpopulation (i.e., adult
womenofchildd S NAyYy 3 +3S | yR GKSANI 2 ¥ TGaitddNksyfaa 0 @ 9t ! k h
Developmental Toxicity Risk Assessmeghén making the decision to usedevelopmental

endpoint (i.e.decreased live litter sizas the basis of the dogesponse analysis for acute
exposuresOther norrcancer endpoints from acut®xicity studies were not used to derivePDD

for acute exposurebecause the dosehat causedother types ofacute toxicity or lethality were

higher han thosethat negatively impacted development.

Although developmental studies typically involve multiple exposures, they are considered
relevant for evaluating single exposures because some developmental effects (e.g., fetal
resorptions and mortality), may result from a single exposure during a ¢tritezéod of
development(Davis et al., 2009/an Raaij et al., 2008.S. EPA, 19%1This is consistent with

9 t !'Qidelines for Reproductive Toxicity Risk Assessmbith state tharepeated exposure is
not a necessary prerequisite for the manifestation of developmental toxiCitjmsequently,
EPA/OPPT concluded tradgvelopmentakndpoints are applicable when assessing acute
exposures, where it is assumed that the risk of theiuo@nce depends on théming and
magnitude of exposureThisis based ol KS LINBadzyYLJiA2y |yR 9t ! Q& LJf
during a critical window of development may produce adverse developmental efféds EPA,
1996 1991).

The risk assessment for chronic exposures was basedange of adverse outcomes with
neurotoxicity(Honma et al., 2003 determined to be the most sensitive human health domain for
chronicnorOF Yy OSNJ STFFSO0Gad b2ynOlF yOSNI ' yR OF YyOSNJ N& ¢
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derived for occupational scenarios since the consumer expastgrarios were not considered to
be chronic in nature.

1-BP is carcinogenic in laboratory animals. The weidigtvidence analysis for the cancer
endpoint is sufficient to support a probable mutagenic mode of action fBPIcarcinogenesis.
EPA/OPPT deed an inhalation unit risk (IUR) of 3 x3ier ppm ¥ x 10”7per pg/m?3) based on
lung tumors in female mice. The 1@Rapted from the definitionn U.SEPA2011) isthe
estimatedupper boundaddedlifetime cancer risk resulting fromccupational exposure scenarios
(i.e., 8 hours per day, 5 days per wetkjan airborne agent at 1 pg/fnFor chronic scenarios,
cancer risk estimates were calculatedrayltiplying the inhalation unit risk value derived from
cancer bioassay dat&dl TP, 201)Iby occupational scenarispecific exposure estimates.

Risks for adverse developmental effects following acute inhalatippsgxe and adverse
neurological effects following chronic inhalation exposure were identified for tB& Lises
considered under the scope of this assessment. Cancer risks associated with alurdxeic
inhalation exposure in adults were also identifi&®A/OPP@id not usethe IURto estimate
addedcancerrisksfor acuteexposuredecausethe relationshipbetweencancer inductionn
humansandasingled K 2 NJiexppssinddyl-BPhas not been firmlyestablishedn the scientific
literature.

Uncertaintiesof this Risk Assessment

There are a number of uncertainties associated with the monitoring and modeling approaches
used to assess-BP exposures. For example, the sites used to collect exposure monitoring data
were not selected randomly, and the data refed therein may not be representative of all
exposure scenarios. Further, of necessity, exposure modeling approaches employed knewledge
based assumptions that may not apply to all use scenarios. Becauspsiific differences in

use practices and enggering controls exist, but are largely unknown, this represents another
source of variability that EPA/OPPT could not quantify in the assessment. Consumer exposures
were estimated based on modeling approaches due to the lack of monitoring information that
could be used to assess consumer products. In additi@ninability to includedermal exposures
resultsin potential underestimation obverallexposure and risk.

Human Populations Considered in this Assessment

EPA/OPPT assessed risks for acutecAnohic exposure scenarios in workers and occupational
non-users for 1BP useasa spray adhesiveduring dry cleaning (including spot cleaning), and
during degreasing operations (vapor, cold cleaning, and aerosol). EPA/OPPTdtbsuime
workers (those dictly handling BP at the facility) and occupational nasers (workers at the
facility not directly involved with the-BP use; for example, cashs at a dry cleaner) would be
individualsof both sexesX16 and older, including pregnant workers) basgubn occupational
work permits, although exposures to younger workers in occupational settings cannot be ruled
out. An objective of the monitored and modeled inhalation data was to provide separate
exposure leveéstimatesfor workers and occupational neusers.

EPA/OPPT also examined risks for acute exposure scenarios for consumer uses. EPA/OPPT
assumed that consumers would be individuagld§ and older; both sexes including women of
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childbearing age) that intermittently useBP in aerosol spray adhessy aerosol spot cleaners,
and aerosol degreasers/cleaners, although exposures to youngeusens may be possible in
residential settings. Nonsers may be individuals of any age group (e.g., children, adults, and
elderly) who are nearby during produgpglication.

Main Conclusions of this Risk Assessment

Most acute exposure scenarios for occupational andsumerusespresened risksbasedon
concerndor adversedevelopmentakffectsthat may occuias a result o& singleexposure to 1BP
duringa criticalwindow of susceptibility Particularlyjnhalation risks were identified for all
occupational and consumer acute exposure scenarios, withafdwMOE values above the
benchmark MOE of 10@cceptable risk rangeYhese included th0" percentile estimates for
dry cleaning (modeling po&iC worker and pr&C occupational neaser ) vapor degreasing
(monitoring postEC occupational neaser), and cold cleaningr(odeling postEC occupational
non-user); and for the 95 percentile estimates fovapor degreasing (monitoring and modeling
post-EC occupational neaser) and cold cleaning (modeling p&t occupational neuaser)

There isaconcernfor arangeof adversehuman healtheffectsdue to chronic inhalation
exposures resulting from-BPuse inspray adhesive, dry cleaning, and degreasing applications
Cancer and neurological effectgpresent he greatest human healtboncern for chronic
exposure with the highestisks expectedor the spray adhesive occupational exposure scenario.
In general, risks were observed across all uses in workers and occupatiorasesn Higkend
(95" percentile/pre-EC) exposures (considered to represent exposure levels at the baseline
exposure condition) showed risks to workers and occupationatusansfor all health effects and
all use scenarios evaluated. Risks for adverse neurological and developmental effects were
apparent regardless of the type ofBP exposure (30percentile/central tendency or 95
percentile/highend) preEC for all the usesvaluated. Occupational neasers showed risks for
adverse neurological and developmental effects with kégld exposures (35percentile)
regardless of the availability of engineering controls for most use scenarios.

Canceriskswere determinedasaddedlifetime cancerrisks, meaninghe probability that an
individual will develop cancexsaresultof occupationakexposureoveranormal lifetime of
70years.Addedlifetime cancerrisk estimatesrom 1-BPexposurewere comparedto
benchmark cancetisklevelsof 10°, 10®° and10™ (i.e., 1 in 10,000, 1 in 100,000 and 1 in
1,000,000. All of the spray adhesive exposuseenarioevaluated using monitoring data
exceeded the benchmark cancer risk levels by multiple orders of magnitude and were near or
abovethe cancerrisk of 10% (1 in 100) Thisanalysisshowedhigherestimatedcancer
incidences fooccupational exposures associated wsttmmercialuse of 1BP m spray adhesives,
vapor degreasing, cold cleaning, dry cleaningaetsol degreasing in descending order
greater cancer risk was observed with tisprayadhesive and degreasing (vapor, cold cleaning)
occupational exposure scenarios, witkethghestrisksresultingfrom direct useof 1-BP
containing sprayadhesive andlegreasing formulations the absence of engineering controls
(e.g.,localexhaustventilation)in the workplace.
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EPA/OPPT estimated the population size for workers and occupationalsers at risk as:
1 Spray Adhesive4;503 to 11,952
1 Dry Cleaning andr Spot Cleaning at Dry Cleaniigd88
1 Vapor Degreasingt,712 to 23,558
1 Aerosol Degreasing.,466 to 12,329

At this time, there is not sufficient information to develop estimates of the number of workers
and occupational nowisers potentially exposed to-BP during colatleaning; however, the use of
1-BP in this sector is expected to be minimal.

Also, at this time, there is not sufficient information to develop estimates of the populations for
consumers and nousers exposed to-BP during the use of aerosol spray adhesives, aerosol spot
removers, and aerosol cleaners and degreasers.

In summarythe risk assessment showed the following risk findings:

There AreNon-CancerRisksldentified for Consumers as a Result of Acute ExposureB® from
Use in Spray Adhesives, Spot Removers, and Degreasers

A concern foadversedevelopmentakffectswasidentified for all acute consumer exposure
scenariogi.e.,MOEswere belowthe benchmarkMOEof 100), with :BP use irmerosol spray
cleaners and degreaseshowing the greatest rislRisks for most acute consumer scenarios
were 1-2 orders of magnitude below the benchmark MOE.

There AreNon-CancelRisksldentified for Workers as a Result of Acute Exposure #8FR.from
Occupational Use in Spray Adhesives, Dry Cleaning, and Degreap@atidns.

A concern fononrcancerrisks(including risks to workers and occupational Asers)was
identified forall but three acute occupation&xposure scenarids.e., MOEs were below the
benchmark MOE of 100), withBP use in spray adhesives slmaythe greatest risk. Risks for most
acute occupational scenarios were brders of magnitude below the benchmark MOE.

There areNon-CancerRisksldentified for Workers as a Result of Chroligposure to 8BP from
Occupational Use as a Spray Adhesivey Bleaning (including as a spot cleangahd
Degreasing Operations (vapor, cold cleaning, and aerpsol

A concern for norcancer risks (including risks to workers and occupationalusens) was identified
for all chronic occupational exposure scenagealuatedbased on a rangef adversehuman
health effects.Ingeneral, higher risks were indicated for adverse neurological effects in
association with BBP use in spray adhesives.

All chronic occupational exposure scenarios presented risks for adveuselogical or
developmental effects in the absence of engineering controls-EZg.

In many instances, occupational nasers with chronic higlend exposures (95percentile)
showed risks for adverse neurological effects regardless of the availability of engineering controls.
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Risks for norcancer effects following chronic occupational exposure (without engineering
controls) were 23 orders of magnitude below the hbehmark MOE.

There areAddedCancemRisksldentified for Workers as a Result of Chrofigposure to IBP
from Occupational Use as a Spray Adhesive, Dry Cleaning (including as a spot c|eantkr)
Degreasing Operations (vapor, cold cleaning, and aerpsol

Addedcancerriskswere identified for workersand occupational norusers who may be exposed
as a result ofl-BP usen spray adhesivedry cleaning (including spot cleaning), and degreasing
operations (vapr, cold cleaning, and aerosol).

Cancer risk estiates exceeded in 1,000 (exceeding all of tlkancer riskbenchmarls) for all
occupationalse scenarios evaluated (workers and occupationatusers) based on
monitoring and modeling estimates (regardless of the use of engineering controls), with
relatively few exceptionsl-BP use ispray adhesives presesd the greatestcancerrisk
concern.

1 BACKGROUND AND SCOPE

1.1 INTRODUCTION
F'&a F LINIG 2F 9t! Qa O2YLINBKSYAaAODS | LILINRIFOK (2 S
management, in March 2012 EPA/ORd&ntified a work plan of chemicals for further
assessment under the Toxic Substances Control Act A EPAYOPPT is assessing chemicals in
this work planandif an assessment identifies unacceptable risks to humans or the environment,
EPA/OPPT will purs risk reduction options. After gathering input from stakeholders, EPA/OPPT
developed criteria used for identifying chemicals for further assessingéhe criteria focused on
chemicals that meet one or more of the following: (1) potential concern toddy Qa KS1I f (i K
example, because of reproductive or developmental effects); (2) neurotoxic effects; (3)
persistent, bioaccumulative and toxic (PBT); (3) probable or known carcinogen; (4) use in
OKAf RNBY Qad LINRPRdAzZOGAT 2 NJ dang. Wsing i Gethoddlegy,Ay 0A2Y 2y
EPA/OPPT developed a TSCA Work Plan of chemicals as candidates for risk assessment in the next
several years. In the prioritization processBtbmopropane on-propyl bromide (1BB, Chemical
Abstracts Service Ristyy Number [BSRN]106-94-5) was identified for assessment based on
high human health hazard and exposaancernsased orits use profile angbhysical chemical
properties.

The target audience for this risk assessment is primarily EPA/OPPT risk managers; homayer, it
also be of interest to the broader risk assessment community as well as US stakeholders that are
interested in issues related toRP, especially when usadspray adhesive]ry cleanng

(including spot cleaningyr degreasng (vapor, cold cleaning ahaerosolluses The information

2 http://www.epa.gov/oppt/existingchemicals/
3 http://lwww2.epa.gov/sites/prodution/files/2014-03/documents/work_plan _methods document_web _final.pdf
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presented in the risk assessment may be of assistance to other Federal, State and Local agencies
as well as members of the general public who are interested in the risks associatedB®irse

The initial step in EPA/OP¢ Q&4 NRAR &A1 FadaSaayYSyid RS@St2LIYSyd LIN
formulation, whichis distinct from theprioritization criteria usedo adda chemicato the work

plan. During scoping and problem formulation EPA/OPPT reviews currently availabéadata

information, including but not limited to, assessments conducted by others @uthorities in

other countries), published or readily available reports and published scientific literature. During
scoping and problem formulation, a robust review magult in refinement; either addition/

expansion or removal/contractioq of specific hazard or exposure concerns previously identified

in the work plan methodology.

1.2 USESAND PRODUCTION VOLUME

AAAAA

AccordingtdR I G O2 f f 204 ShemidalyDat® Repofitig (CRRIe 15.4million
pounds of 1BP were produced or imported in the US2011(U.S. EPA, 201PAlbemarle
Corporation, Dow Chemical Company, I§tecial Materials Company, and one compaaiming
CBI statusurrently manufacture or import-BP in the USAppendix A (Appendix B.

1-BP is a high production volume chemical used in numerous solvent applications including spray
adhesivedry cleaninganddegreasingises(vapor, cold cleaningand aerosql In thepast, 21BP

was used as a solvent for fats, waxes, or resins and as an intermediate in pharmaceutical,
insecticide, quaternary ammonium compountivior, and fragrance synthegiNTP, 2018 See
Appendix B for more details.

The largest use of-BP (six to eight milliopoundsper year) $ as a vapor degreaser for cleaning
optics, electronics, plastics, and met@&CDOL, 2033 TP, 2013U.S. EPA, 200)/é¢ndustry
estimates indicate 500 to 2,500 businesses currently uB&fbr vapor degreaisig, a process by
which soiled components are cleaned using vaporized solvei8®. kalsoused in cold cleaning
which is similar to vapodegreasing, except that cold cleaning does not require the solvent to be
heated to its boiling poinin orderto cleana given component. Vapor degreasing and cold
cleaningscenarios majnclude a range of opetop or closed systems,
conveyoizedenclosed/inline systems, spray wands, containers, and wipes.

The second largest use o8P (five to seven milliopoundsper year) is as an adhesive, primarily
for foam cushion manufacturinghd (less often) for laminatg® TP, 2013HSIA, 201.2J.S. EPA,
20079. EPA estimates 100 to 280 foam manufacturers {irel of all such manufeturers) use

1-BP as an adhesivgse of 1BP as an industrial adhesive is expected to decline over time due to
health and safety concerns

1-BP is occasionally used in dry cleaning, both in machine cleaning and as a component of spot

cleaners used to reme stains before and after machine cleaning. EPA has included dry cleaning

in this risk assessment becaus8R is a drofin replacement for regulated chlorinated solvents

currently used in dry cleang (TURI, 201R Perchloroethylendperc)remains the solvet of

choice for textiles (dry cleaning), but its market share is decreasing as dry cleaners continue to

transition to alternative solventd-BP carbe used as aubstitute for the dominant solvent used
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in dry cleaning machines (perc) attd heavilyusedsolvent (trichloroethylene) used in spot
cleaners.

EPA found a variety of consumer products contggritBP based on their curresafety data
sheets §DSseeTable2-). These products include aerosol spray solveised inspray adhesives
(5 products)spotremovers(4 products), degreaseend cleanergl1l products),coin cleaning (1
product), paintable nold release (1 productgutomotive refrigeranflush (1 product), and
lubricants (1 product)AlthoughEPA does not believeBP is the solverdredominantly usedn
thesespecificproduct markets, this could not be confirmed with sales data.

1.3 ASSESSMENAND REGULATORY HISTORY

Under the Clean Air Act (CAKPA evaluated-BP as a substitute for ozomepleting substances
(ODS) through the Significant New Alternatives Policy (SNAP) program. In the 2003 Notice of
Proposed Rulemaking, EPA proposed to alleevaf 1BP as a caer solvent in adhesives; as an
aerosol solvent; and as a solvent in cleaning equipment for metals, electronics, and precision
cleaning, subject to a limit of no more than 0.05% isopropyl bromidea@gopropane) by

weight (U.S. EPA003. In 2007, EPA issued a final rule where EPA determined tB&t s an
acceptable substitutéor ozonedepleting substances (i.e., methyl chloroform and
chlorofluorocarbon (CFa)13), for metals cleaning, electronics cleaning and precision clganin
(U.S. EPA, 200) &t the same time EPA proposed@ew rule to list :BP asn aceptable
substitutein the coatings end usgubject to use restrictiongndto list 1-BP as an unacceptable
substitute in adhesives or aerosol solvesil).S. EPA, 200y HEPAhas not finalizedhis proposal

to date.

1-BP is regulated as a volatile organic compound under Clean Air Act regulations (see 40 CFR
51.100(s)) addressing the development of Statplementation Plans to attain and maintain the
National Ambient Air Quality Standards 2015, EPAnnounced the receipt of a complete

petition requesting that EPA addBP to the list of hazardous air pollutants (HAP) ursgetion
112(b)(1) of the CAAJ.S. EPA, 201htEPA proposed to addBP to the Toxics Releamventory
(TRI) subject to reporting under section 313 of the Emergency Planning and CommunitpRight
Know Act (EPCRA) and section 6607 of the Pollution Prevention Ac{UPRPAIPA, 201ha&8oth

of these actions are still pending.

In July 2013the Occupationabafety and Health Administratid@SHAandthe National Institute
for Occupational Safety and Hea(tklOSHhlissued a hazard alert to urge employers that udgPl
to take appropriate steps to protect workers fromxposure(OSHA, 201)30SHA has not issued a
Permissible Exposutémit (PEL) for -BP. The American Conference of Governmental Industrial
Hygenists (ACGIH) has adopted a Threshold Limit Value (TLV) of 0.1 ppmasuaT 8/A

(ACGIH, 2014

The National Toxicology Program (NTP) evaluated the toxiciyB@irlatechnical report(NTP,
2017, and identified 1-BP as#easonably anticipated to be a human carcino@erthe thirteenth
report on carcinogens in 20JAITP, 201%
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LY HnannX [ FEAF2NYALFIQE hTFAOS 2F BPOANBYYSY(l
developmental and male and female reproductive toxicity under Propositiqf@&5HA, 2004

California haproposeda 5 ppm (25 mg/rf) time-weighted average PEL along with a skin

notation for -BP(CDIR, 2009bA number ofother U.S states have taken action to addres8P

hazard and risk concerns. This informatioavailable inAppendix C

In 2006, under the Canadian Environmental Protection Act (QERAlth Canada, 20061-BP

was prioritized and categorized as an additional substancedosideration due to its

developmental and reproductive toxicity. The Notice with respect to certain inanimate

substances (chemicals) on the Domestic Substances List was published in the Canada Gazette in
October 2009 to collect informatioon its manufaatire and import(Environment Canada, 2009

As a result of this noticeBP was reported as a chemical manufactured andfgrorted in

Canada during 200&nvironment Canada, 2013

In August 2012, the European Chemicals Agency (ECHA), at the request of the European
Commission (EC), presented a proposaih@ndentification of 2BP as a Substance of Very High
Concern (SVHC) under Registration, Evalogfathorization, and Restriction (REACH) dugst
reproductive toxicitf ECHA, 2012a, d). In September 2012, a dossier was circulated to Member
States and was made available for comment on the ECHA we¢BSit¢A, 2019bThe dossier,

which classified-BP as toxic for reproduction category 1B, was referred to the Member State
Canmittee ard was adopted itNovember 201ZECHA, 2019bAt the same time, the Member
State Committee agreed on theadtification of BP as a SVHECHA, 2012Jaln December

2012 1-BP was listed on the Candiddist as a SVHECHA, 201Ja

Due to its reproductive toxicityl-BPisregistered asa Class | Designated Chemical Substance

subject to reportingequirementsunder thePollutant Release and TransRRegistelLawin Japan

(METI, 200% It was listed both as a Hazardous Air Pollutant under thepanesd\ir Pollution

Control Lawin 2009(NITE, 2014panda DSY SNJ f / K S Y Wit® lovier rislslegpadiet y OS ¢ =
for human healthrandthe environment, through the 2013 screening assessniBitE, 2014a

TheOrgansgation for Economic GoperationandDevelopment (OECD) listdBP as a High
Production Volume (HPV) chemi¢@ECD, 2015

1.4 SCOPE OF THE ASSESSMENT

Most of 1-BP (approximately 47%) is used as aovajegreaser to clean optics, electronics,
plastics, and metals. Roughly-88% of the total production volume is used in spray adhesives.
Use in the dry cleaning sector is less clearly defined. Perchloroethylene remains the solvent of
choice for textilegiry cleaning but its market share is decreasing as dry cleaners continue to
transition to alternative solvents;-BP is also used as a solvent in aerosol spot cleaners, spray
adhesive and degreasing products.

Reports of adverse neurologic effectsirBPexposed workers and carcinogenic, developmental,
and reproductive effectfollowing :BP exposuré rodents(NTP, 201Bprompted the Agency to
evaluate risks associated with @gscupatioral and consumer use
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Thefollowing occupational and consumer uses were selecheel to theirhigh exposure
potential:

1. Occupational use in spray adhesives (workers and occupationaisens)

2. Occupatioml use in dry cleaning machines (workers and occupationaiusans)

3. Occupational use in spot cleaning during dry cleg(workers and occupationalom-

users)

4. Occupational use in vapor degreasing (workers and occupationaligens). Vapor
Degreasing was assessed as a broad category of use. At this point, EPA/OPPT has not
developed assessments by the specific type of degreasing such asogpetosedand in
line.

Occupatioml use in cold cleaning degreasing (workers and occupationalisers)
Occupational use in aerosol degreasing (workers and occupationalsers)
Gonsumeruse inaerosolspray adhesiveonsumerusers and nofusers,
Gonsumeruse inaerosolspotremovers(consumerusers and nofusers) and
Gonsumeruse inaerosol cleaners and degreasérscluding engine degreasing, brake
cleaning and electronics cleaniagenarios foconsumer users and neursers)

©oNoO

Readily availablenformation on the physicochemical properties 6BP support inhalation as the
primary route of exposureandinformationregardingits toxicity supports human health
concernsRisk estimates based on cancer and rzancer endpoints were developed for the
identified occupationalacute and chronic) and consumer (acute) use scenarios. Dermal
exposures are possible; however, limited toxicological data are available for this route of
exposure, and no toxicokinetic information is available to develop physiaithgbased
pharmacokinetic models for routd-route extrapolationsTherefore,dermalexposure
estimates androute to route extrapolatios are notincluded in his assessmentpon
consideration of physical chemical properties, environmental fate,ignsce and
bioconcentration factors derived forRP, it was determined that a quantitative assessment of
environmental risks would not be included under the scope of this risk assessment.

In summary, the BP assessment addresses the following quastio
1. Do risks of concern exist (i.e., acute and chronic-camcer and cancer) for workers and
occupational norusers during occupational use o8P in spray adhesives?

2. Do risks of concern exist (i.e., acute and chronic-cemcer and cancer) for workeasid
occupational norusers during occupational use o8P in dry cleaning machines?

3. Do risks of concern exist (i.e., acute and chronic-camcer and cancer) for workers and
occupational norusers during occupational use o8P for spot cleaning durirdyy
cleaning?

4. Do risks of concern exist (i.e., acute and chronic-cemcer and cancer) for workers and
occupational norusers during occupational use o8P in vapor degreasing?
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5. Do risks of concern exist (i.e., acute and chronic-cemcer and cancefpr workersand
occupational norusers during occupational use o8P in cold cleaning degreasing?

6. Do risks of concern exist (i.e., acute and chronic-cemcer and cancer) for workeaad
occupational norusers during occupational use oBP in aerodadegreasing?

7. Do risks of concern exist (i.e., acute) for consumer users andisers where IBP is used
in consumer products (i.e., aerosol spray adhesives, aerosol spot removers and aerosol
cleaners and degreasers)?

1.5 PROBLEM FORMULATION

During problenformulation, EPA/OPRd@entified the exposure pathways, receptors and health
endpointsthat would be included in this risk assessment. To make this determination, physical
chemical properties and environmental fate were evaluated within the context ottzle
scenarios: occupationalkes(spray adhesivedry cleaning(includesspot clearng); degreasing
(includesvapor, coldand aerosotleaning and consumeuses(spray adhesivespotremovers

and aerosol degreasers/cleangrs

Duringproblemformulation, it was determined that quantitative assessment efivironmental
risksassociated with BBP releasewould not be includedn this assessmenEPA/OPPT reviewed
and summarized available published studies on ecotoxidit. EPA, 20121999 to understand
the potentialeffects of 1BP releases on ecological reters, includingtoxicity tofish,
invertebrates, plants andirds.Based on this revievEPA/OPPT concluded thaetacutehazard
of 1-BPto aquatic organisms lowbased on available datdhe hazard of -BP is gpected to be
low for chronic aquatic organisms, sedimeaund terrestrial organismiased on physidand
chemical properties of-BPand that data were not available to assess risk to sedinderling

or terrestrial organismsThus,environmentalrisks were not evaluated further in this assessment.
Appendix Dcontains a summary of the aquatic toxicity studies considelathg the initial
environmental hazareévaluation forl-BP.

151 Physical and Chemical Properties
1-BP isa colorless liquid with a sweet hydrocarbon odibis abrominated hydrocarbon thaits
slightly soluble in waterl-BPis a volatile organic compound (VOC) thahibitshighvolatility, a
low boiling point low flammabilityand no explosivity Figurel-1 presents the chemical structure
and Tablel-1 summarizeghe physicalkchemical propertiesf 1-BP.
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Br\/\c Ha

Figurel-1 Chemical Structure of-Bromopropane

Table1-1 Physical and Chemical Properties 6BP

Molecular formula GH7Br

Molecular weight 122.99

Physical form Cobrless liquid; sweet hydrocarbardor
Melting point -110°C

Boiling point 71°Cat 760 mmHg

Density 1.353 g/cniat 20 °C

Vapor pressure 146.26mmHg(19.5 kPaat 20 °C
Vapor Density 4.25(Patty, 1963

Log Kw 2.10(Hansch, 1996

Water solubility 2.450 g/L at 20C(Yalkowsky et al., 20)0
Flash point 22°C

SourceThe Merck Index2013

15.2 Environmental Fate

This section summarizes current knowledge of the transport, persistdmeoncentration and
bioaccumulatiorof 1-BP in the environmentncluding biological and abiotic reactions and
environmental distribution. Fate charactstics are summarized ifiablel-2.
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Tablel1-2 Environnental Fate Characteristics ofBP
Property Value
CASRN 106-94-5

Photodegradation halfife [9 to 12 days (estimated, 1.5x4Bydroxyl radicals per chior
a 12hour day)
Hydrolysis hatfife 26 days at pH 7 and 25°C

Biodegradation 70% after 28 days (readily biodegradable, OECD 301C)
19.2% after 28 days (not readily biodegradable, OECD 3(
(SeeAppendix Hor study details)

Bioaccumulation BAF = 12estimated)
Log Kc 1.6 (estimated)
FugacityLevel Il Model)
Air (%}44.1
Water (%]45.7
Soil (9410.1

Sediment (%4<0.1

1-BP is a volatile liquid with high vapor pressure, moderate water solubility, and high mobility in
soil. It is expected to ¥hibit low adsorption to soils and thus can migrate rapidly through soil to
groundwater. 1BP is slowly degraded by sunlight and reactants when released to the atmosphere
(halflife 9-12 days). Based on this estimated H&# in air, long range transport viae

atmosphere is possibiseeAppendix E Volatilization and microbial degradation influence the

fate of 1-BP when released to water, sediment, or soil. Biotic and abiotic degradation rates
rangingfrom days to month$&ave been reported

The manufacturing, processing, and use -®&H can resuih releases to air, water, sediment, and
soil. However, since-BP does not currently have Toxics Release Inventory reportingatatas
not listed as &dazardous Air PollutanHAB, data on theenvironmental releases ofBP to air
(fugitive source aireleases via ambient air monitoring data), landfills or surface water are not
available.

1.5.3 Persistence and Bioconcentration
Biotic and abiotic degradation studies have not shown this substance to be pergstenall
environmental haHife of less thariwo months).No measured bioconcentration studies foBP
are available. An estimated bioaccumulation factor of 12 suggests that bioconcentration and
bioaccumulation in aquatic organisragse bw (bioconcentration/bioaccumulation factor of less
than 1000)
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154 Conceptual Model

ACTIVITIES/USES PATHWAYS EXPOSURE RECEPTORS EFFECTS
ROUTES

Manufacturing |- < — - CRdoarEie | e m—— —— —— —— Ecological
\ _— 7y
4 | Ventilation - _’[T
Occupational: \ N | ra

\ 11 . -
Spray Adhesives \\ Exhaust | — ~ ~ ~F Risks Associated
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Dry Cleaning 5
\ : * Liver
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— Y | I “v—  Reproductive
ot Cleanin ~
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» Vapor/Mist Inhalation O ici
Degreasing Emissions NeurOtOXICI.tY
Carcinogenicity
— Vapor Degreasing
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D i . .
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H  Aerosol Degreasing with Acute Exposures
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- ->| Oral
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Degreasers/Cleaners assessment; exposure and toxicity can be
quantified

Figurel-2 Schematic of Human and Environmental Exposure Pathways fBP1
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1.5.4.1 Exposure Pathways
Theconceptual model abovd-{gurel-2) illustratesthe 1-BPuses and pathwaythat mayresult
in exposure (e.ggccupational, consumer, genemabpulation,or environmenta). Siadedareas
indicate the exposurpathwaysincludedin this risk assessmentinshadedareas are not included
in this assessmenEPA/OPPgonsidered all TSCA uses and focused on uses of products that have
high XBP contenand which present high potential for exposures to workers and consumers.

Occupationalexposure assessmenRisks to workers and occupational Rosersin association
with 1-BP use ispray adhesives, dry cleaning (includusgas a spot cleanerand degreasing
(vapor, cold, and aerosoleaning based on acute and chronic inhalation exposure

Consumer exposure assessmeRtsls to consumersind norrusers fromuse ofl-BRbased
aerosolspray adhesivg aerosolspotremovels,and aerosolcleanersanddegreases (including
enginedegreasingbrake cleaningand electronics cleaning)ased on acute inhalation
exposures.

Pathways Excluded from the Riglssessment
EPA/OPPT excluded the following exposure pathways from this assesssnaticated (via
dashed lines) in theonceptual model

General population exposurelhe manufacturing, processing, and use &F. can result in
releases to air, water, sediment, and sbbwever, general population exposurdsat mayresult
from environmenal releasef 1-BP were excluded from this assessmieatause no reliable
exposure data for calculating general population risks are availAblEBP is not on th@oxics
Release Iventory (TRI) database or thidational Emissions Invento(MEIl) quantitativedata on
the environmental releases of-BP to air (fugitive or point source air releases via ambient
measured/monitoring dta), landfills, or surface water are not availall 2 A/OPPT is aware af
petition by the New York State Department of Environmental Conservation (NYSDEC) and the
Halogenated Solvent Industry Alliance (HSIA) to {BPXRpropyl bromide) as a hazardoag
pollutant (HAP) under Seoti 122 of the Clean Air Act. EPA/OPPT is coordinatimgtiétOffice
of Air and Radiation, Office of Air Quality Planning and Standards to review information
submitted to the docket regardgthe potentialhuman health impas on communities within
the vicinity of facilitieghat emit 1-BP.

Occupationaland consumerpopulation exposure by the oral and dermal routBased on the
physicalchemical properties of-BP(e.g., volatility)and theemissivenature ofusesidentified for
this assessment, EPAPRT expectfhalation to bethe predominant route otonsumer/
occupationakxposureto 1-BP.Data from an invitro dermal penetration studyFrasch et al.,
201)) indicate that 2BP has the potential for substantial dermal penetration depending on the
type and duration of exposuréln-occluded(e.g., splashgxposures may not lead to significant
systemic uptakewhereassubmersion or occluded exposures may contribute to gredégmal
uptake (Frasch, 2014 Despite the potential for uptake,edmal uptake is likely to be orders of
magnitude lower than uptake by inhalation becausBR will evaporate quickly if it comes in
contact with the skin.
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Ecolgical Receptor€Exposure Because -BPexhibitsa lowecologicahazard profile and low
persistence and bioaccumulatigrotential if released into aquatic or terrestrial environments,
guantitative assessment of environmentédks was not includeth this assessmenfppendix D
contains a summary of the aquatic toxicity studies considelathg the evaluation othe
ecologicahazardpotential for1-BP.

1.5.4.2 Health Effects and Human Receptors
EPA/OPPT reviewed available toxicological datdudingthe publishedand unpublished
literature and assessmentsompletedby other orgaizatons(NTP, 20132011; U.S. EPA, 2007b
C) to support hazard charaetization.Based on this revievEPA/OPPT narrowed thazard
assessmento a suite of effects (e.gliver toxicity, kidneytoxicity, reproductivedevelopmental
toxicity, neurotoxicity and cancerthat are sensitive, robust, andiologically relevant tthumans.

1-BPwasinitially prioritized for work planassessment ksed on high concern for reproductive
toxicity; however EPA/OPRT & Y 2 NB dosef8pbnke aBal/sis revealdiuat use of the
developmental toxicityendpoints forpoint of departurederivationwould be protective of
reproductive effects and those that mayglverselyimpactthe most sensitivesubpopulations
includingwomenof child bearing age antthe developingfetus.

155 Analysis Plan
For each of the exposure pathways included in thesssent (Figure-2), EPA/OPPT quantified
occupational exposusshased on a combination of monitorirtaand modeled exposure
concentrations. Inhalation exposures were assessed for both workers and occupational non
users. EPA/OPPT estimated consumer sypdbased on consumer behawabpatterns and
modeled exposure concentrations.

For hazardharacteriation and doseaesponseanalysis EPA/OPPT reviewed available data and
selected studies that, taken as a whole, demonstrated the most robust, sengitivecesistent
effects for use in the risk assessment. EPA/OPPT used benchmark dose (BMD) mdaeéng
practicableand when model results were adequatbey were used to generate the point of
departure (POD) faacute andchronic exposure scenarios. ERRPT quantified risk based on the
Margin of Exposure (MOE), which is the rateween theexposure(50" and 93" percentiles)
andthe PODThe endpoint specific MOEs were compared to endpoint specific benchmark MOEs
to determine ifthe relevant exposurscenarios exhibiinacceptable riskEPA/OPPT calculated
acute or chronic MOEs (M@e or MOEnronid separately based on the appropriate POD and
estimated exposureMOESs below the benchmark MO&e considered to bendicatve of
unacceptableaisks.

For chronimccupationakcenariogonsideringcancer risk estimationscenariespecificexposure
estimates were multiplied bthe cancer slope factor derived frothe doseresponse of bioassay
data to obtainthe cancer inhalation unit riskalue
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2 HUMANEXPOSURRASSESSMENT

2.1 OCCUPATIONAL EXPOSURES

Workplace exposures have been assessed for the following occupational us®ohi1
1. Spray Adhesives
2. Dry Cleaning dry cleaning facility has converted their PERC dry cleaning machine system
to 1-BPand also uses-BP in spot cleaning
3. Spot Cleaning at Dry Cleanerdry cleaning facility usesBP based spot cleaner
formulations but has not converted their dry cleanimgchine system to-BP
4. Vapor Degreasingvapor degreasing was assessed as a broad category of udgeRofAt
this point, EPA/OPPT has not yet developed more specific assessments by the type of
vapor degreasingperationsuch as opeitop, closed and Hiine.
Cold Cleanin@egreasing
Aerosol Degreasing

o o

2.1.1 Approach and Methodology
The objectives of the occupational exposure assessment for each of the uses in thevecepe
to:
1. Describe the process and worker activities with a potential for inhalatiqrosure.

2. Estimate the number of workers potentially exposed.

3. Assess inhalation exposure based on monitoring data. This involved:

a. Conducting a literature search to obtain available monitoring data

b. Where possible, breaking down the data into exposuresvorkers and
occupational noruser categorieand pre- or postengineering control$EC)The
pre-EC is considered the baseline exposure condition. Theg@stould be
measures such as local exhaust ventilation or equipment substitution which reduce
the 1-BP exposure concentrations in the workpladéorkers are those directly
involved in handling the-BP, for example, sprayers for theBP spray adhesive
use, and occupational nemsers are workers at the facility who are not directly
involved, for examm@, cashiers and clerks, but still have a potential for exposure to
1-BP.PreEC estimates are considered to represent exposure levels at the baseline
exposure condition with PodEC representing exposure levafter improvements
in engineering controlsr equipment substitutiorwere made.

c. Calculatingcentral tendency50") andhigh-end @5") percentile exposures in ppm
as 8hr TimeWeighted Averages (TWAS)

4. Assessnhalationexposurebased ommodelingfor all uses except spray adhesivEer
some ofthe 1-BP usesmonitoring data was limited. Modeling allowed for assessment of
exposures to workers and nesccupational users for both prandpost-engineering
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control conditionsModeling also allows for use of different values for key parameters to
see the effect they have on the exposure and risk estimates. The modeling approaches for
this assessmenhcluded

a. Using a neafield/far-field modeling approach to estimateBP airconcentrations
in the workplaceThe nea#field concentrations are assumed to represent potential
exposures to workers and the féield concentrations represent potential
exposure to occupational nemsers.

b. Dry cleaning modeling as a special case usimylt-zone modeling approach
which considered emissions from three separate sources within the dry cleaning
facility: spot cleaning; loading and unloading the dry cleaning machines; and
finishing steps. The other modeling scenarios considefrB& beingmitted from
one source.

c. Conducting a targeted literature search to identify chemical and industry specific
information to calculate the -BP vapor generation rates. The majority of model
parameters were assumed to be the same across all use scenarios

d. Using a Monte Carlo simulation to capture variability in the model input
parameters. The number of iterations was selected as 1 million.

e. Presenting central tendency (8ppercentile and higiend (9%") percentile
modeling results in ppm asi@& TWAs

f. Presenting a second set of 80and 95" percentile estimates with an additional
assumptionof engineering control effectivene$80% or 98%o assess inhalation
exposures preand post engineering control$EC) These control effectiveness are
& ¢ KA T ¢ es@hefedngineering control (e.g. local exhaust ventilation) is
effectively implemented (90%) or when equipment is substituted (98%) to reduce
exposure.

5. Convert monitoring and modeling exposures estimates in ppm-{@sIi8VAS) to the
values tobe usedn the riskassessmenfThe 8hr TWAswere used as the estimates of
Acute ConcentratiogAC) These valueg50™ and 95" percentile ACswere also converted
to estimates of Average Daily Concentration (ADC) and Lifetime Average Daily
Concentration (LADC). The AC, ADC and LADC values were then used in the risk
assessmento evaluate acute and chronic healtisksas further described in Saoh 4 of
this document.

In assessing exposure using monitoring data, EPA/OPPT analyzed anehosed ®/A personal

breathing zone (PBZ) data obtained from published literature. Skam and partiaishift

exposure monitoring datéhat cannot be translagd into 8hr TWA values and area samples are

not used for the exposure assessment because they are not representativB®ekposure
GKNRdzZAK2dzi GKS 62NJ] RI&d { S@SKNETG &022dzNSO SadziR SRa20 N
the duration of the sht. In these cases, ER2PPTassumed the work shift lasted eight hours and

that the data are equivalent to-8r TWA values.

Theassessmentef each of thedentified usesare presented below in Sectio@sl.2through
2.1.7. The following appendices provide further details and examples.
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Appendix F Approach for Estimating Number of Workers

Appendix G Approach Used to Collect Monitorifi@ata and Information on Model Parameters
Appendix H; Equations for Calculating Acute and Chrdhon-Cancer and CanceExposures
Appendix k Example of Monitoring Data Analysis for the Spray Adhesive Use

Appendix & OccupationaExposureModeling(Nearfield/Farfield) Approach

Appendix K; Occupational Exposutdodeling Parameters

2.1.2 Spray Adhesives

2.1.2.1 Process and Worker Activity Descriptions
1-BP is used in spray adhesives for foam cushion manufacturing (e.g., the furniture industry).
Figure2-1illustrates a typical process of using spray adhesives for foam cushion manufacturing.
During foam cushion manufacturing, spray guns are used to sgpply an adhesive onto flexible
foam sufaces. Adhesive spraying typically occurs either on an open top workbench with side
panels that may have some local ventilation, or in an open workspébegeneral room
ventilation. After the adhesive is applied, workers assemble the cushions by-rassing
together pieces of cut flexible foathlOSH, 2002002b.
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. Align and compress foam
Spray adhesive pleces to form bond

-

PRTREN Y

‘ Fabricate furniture

Finished furniture products

-

(‘\\\

Figure2-1 Overview of Use of Spray Adhesive in the Furniture Industry

2.1.2.2 Estimate of Number of Workers Potentially Exposed

EPAOPPTestimated the number of workers potentially exposed t8R in spray adhesives using
.dzNBltdz 2F [Fo2NI {aGFdAadA0aQ hOQazpENdAR/YS V& dayQ It 2
Statistics 6US Businesses (SUER)L2). The method for estimating number of workers is

detailed inAppendix FThe worker estimates were derived using industnyd occupation

specific employment data from these sources. The industry sectors and occupations that

EPA/OPPT determined to be relevanspray adhesive use are presented\ppendk F

The number of businesses in this use sector-BPlis estimated to be between 100 and ZB0S.
EPA, 2007b Based on a total of 2,386 establishmemtshe industry sectors shown ippendix

F, the :BP market penetration is 4.2 percent to 11.7 percent. Alternatively, an article published
in The New York Times estimated that one third (33 percent) of the foam cushion industry
switched from 1,1, %richloroethane (TCA) to-BP based adhesives whetBP was introduced in
the 1990s (NY Times, as citequhS. EPA, 2018cTable2-1 presents the estimated number of
workers and occupational nemsers using the lovend market penetration of 4.2 percent and the
high-end market penetration of 33 percent. The total numbepotentially exposed workers and
occupational norusers ranges from 1,503 to 11,952. Note the kagll estimate is based
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information on past IBP market, and may not be representative of the current foam cushion
industry. It is possible that some compankes/e switched to a different chemical due to reports
of worker health issues. The New York Times article also stated that two large chemical
manufacturers have since stopped sellirnBR (NY Times, as citedhS. EPA, 2018c

Table2-1 Estimated Number of Workers Potentially Exposed t&8P in Spray Adhesive Usefoam
Cushion Manufacturing

Exposed Exposgd Estmated . Occupational
Workers Occupational | Total Exposed Number of Workers per Site Non—U§ersper
Non-Users Establishmens Site
Lowend
551 | 952 | 1503 | 100 | 6 | 10
High-end
4384 | 7568 | 11,952 | 795 | 6 | 10

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational nensers by the number of establishments. Values are rounded to the nearest integer.

2.1.2.3 Assessment of Inhalation Exposure Based on Monitoring Data
1-BP exposure monitoring data were identified in several literature studies, including journal
articles, NIOSH Human Health Evaluations (HHEs), and OSHA Integrated Management Information
System IM1S. NIOSH HHESs are conducted at the request of employees, employers, or union
officials and help inform on potential hazards present at the workplace. OSHA IMIS data are
workplace monitoring data from OSHA inspections. These atigpes can be random or targeted,
or can be the result of a worker complaint.

Among these sources, three NIOSH studies provide the most comprehensive information on
worker exposure to -BPfrom spray adhesives in foam cushion manufacturing. Two of the three
HHESs also compare exposyme- and postengineering controls (EC). A summary of these HHEs
follows:

1 From March 1998 to April 2001, NIOSH investigated a facility in Mooresville, North
Carolira to assess-BP exposures during manufacturing of foam seat cushidl8SH,
20029. The company had four departments: Saw, Assembly, Sew, and Covers. Workers in
Assembly and Covers departments worked directly with the adhesive; however, workers
in all four departments were exposed. The spray adhesive used at this facility contained
between 60 and 80 percentBP. NIOSH conducted an initial exposure assessment in
1998, and observethat the ventilation exhaust filtersvere clogged with adhesive. In
2001, NIOSH conducted a follays exposure assessment after the facility made
improvements tats ventilation system.

1 From November 2000 to August 2001, NIOSH investigated workplace exposuiBB to 1
during manufacturing of foam seat cushions at another cushion company in North
CarolinaNIOSH, 2002bThis facility uses a spray adhesive cartay 55 percent BP.
NIOSH conducted an initial exposure assessment in 2000, and recommended that the

FILOAftAGE NBRdAzOS 62NJ] SNJ SELIR&dzNBE o6& SyOf2aAy
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Subsequently, in 2001, NIOSH conducted a folipvassessmentfeer spray station
enclosures were installed.

1 From April 1999 to May 2001, NIOSH investigated another cushion company in North
CarolinaNIOSH, 2003In this study, NIOSH conducted two separate exposure
assessments. In the initial assessment, NIOSH meastB&dirihalation exposures to
workers in and near the adhesive spray operation areas. In the second assessment, NIOSH
measured additional-BP inhalation exposures at the facility. There were no chatwges
GKS FlLOAfAGEQa QOSYylAflGA2Yy &aeaidaSY o0AdSod Sy-=
assessment.

Table2-2 summarizes the -BP exposures in p#eC and posEC scenarios for each worker job
category. EPA/OPPT defined three job categories-BP Epray adhesive use:

1 SprayersWorkers who perform manual spraying oBP adhesive as a regular part of his
or her job;

 Nonsprayers2 2 NJ] SNE 6K2 | NB y20 d&alLIBP adBeNileors o0 dzii S
spend the majority of their shift working in an area where spraying occurs. For example,
the NIOSH20029 study indicated spraying occurs in the Assembly and Covers
departments. PAOPPTassumes workers in these departments who do not perform
spraying still work in the vicinity of spraying operations and may be regularly exposed to
1-BP; and

1 Occupational notusers Workers who do not regularly perform work in an aredhs
facility where spraying occurs. For examplRABPPTassumes workers in the Saw and
Sew departments of the 2002 NIOSH st@dyOSH, 20094 NBccu@ational noruserg ®

PreEC exposure scenarios suggest that all workers at foam cushion manufacturing facilities that
use 1BP spray adhesives have substantial exposureB® 1Sprayers have the highest levels of
exposure because they work directly with thé8 adhesive. Haver, nonsprayers and
occupational norusersmay be exposedExposure levels for occupational nosers vary widely
depending on their specific wodctivity pattern, individual facility configuration, and proximity

to the 1-BP adhesive. For example, werk in the Saw and Sew departments in NMI©SH

(20029 studyOf | a8 A FASR | &adz& @ NBOQzLY NB 2§ E )2 ¥ @K -hrii £ SOST
TWA. The high exposure levels are caused by their proximity to spraying operations in other
depariments, even though no adhesive is used in the Saw and Sew depart(heGtSH, 2009a
PostEC exposure scenarios suggest that engineering controls, if well designed, maintained, and
operated, can reduce worker exposures by an order of magnitddeever, engineering controls
alone do not reduce exposures for sprayers and-sprayers to levels below 0.1 ppm, the time
weighted average threshold limit value (TLV) recommended by the American Conference of
Governmental Industrial Hygienists (ACGIH).

Additional :BP worker exposure monitoring data have been identified in olitenature studies
such aHanley et al(2009 2006), Ichihara et al(2002, and Majersik et a(2007). However,

these studies are not used in ERPRPT analysis because they either do not provide individual
data points or lack specific information on worker job descriptions to adefiyagtegorize the
exposure resul.

Paged43of 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=3044959
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991054
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991054
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991054
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991054
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1689272
http://hero.epa.gov/index.cfm?action=search.view&reference_id=607476
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519119
http://hero.epa.gov/index.cfm?action=search.view&reference_id=613044

PEER REVIEW DRABD NOT QUOTE OR CITE

Table2-2 Summary of iBPInhalation ExposuregAC, AD@nd LADC) foBpray Adhesive UsBased on
Monitoring Data

Acute andChronic, NorCancer Exposureg
(8-Hour TWA in ppm) Chronic, Cancer Exposurg§spm)
ACisp, shr wa@Nd ADG.gp, shr Twa LADGsgp, shr Twa
Category 95th Percentile ‘ 50th Percentile 95th Percentile ‘ 50th Percentile Data Points
Sprayers

Pre EC 253 131 145 75.1 85

Post EE 41.9 17.8 23.9 10.2 49
Nonsprayer8

Pre EC 211 127 120 72.7 31

Post EE 28.8 18.0 16.5 10.3 9
Occupational nofusers

Pre EC 129 3.00 73.5 1.71 39

Post EE 5.48 2.00 3.13 1.14 17

Note: AC = Acute Quentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concé&utetimms
and parameters for calculation of the AC, ADC, and LADC are desciiygzbimdix H
Sources(OSHA, 20INIOSH, 20020023 b)
aEC = Engineering Controls. &€ = Initial NIOSH visit; Post EC = FaifpiNIOSH viséngineering controls implemented:
gy Oft2aAy3a aLINI @& GlLoftSa (2 ONBIFGS Ga&LIN} & 06220K&aé | yRKk2NI AYLINRZ
b Non-Sprayer refers to those employees who are not sprayers, but either handle the adhesive or spend the majority of their shift
working in an ara where spraying occurs.
¢ Occupational noruserrefers to those employees who do not regularly work in a department/area where spraying occurs (e.g
employeesn Saw and Sedepartments.

2.1.2.4 Estimate of Inhalation Exposure Based on Modeling
A nearfield/far-field modeling approachvasnot developedor the use of 1BP as spray adhesive
EPAOPPTdeterminedthe monitoring wasadeqguate andof acceptablequality.

2.1.3 Dry Cleaning

2.1.3.1 Process and Worker Activity Descriptions
1-BP is a solvent useddiny cleaning machines-BP formulations such as DrySolv® are often
YEN] SGSRAYVE& BRERNRPLOSYSyiGa F2NJ LISNOKf 2NRSGOKet Sy S
used in third generation or higher PERC equipnfétR1, 201R Third generation equipment,
introduced in the late 1970s and early 1980s, are-mented, dryto-dry machines with
refrigerated condensers. These machines are essentially closed systems, and are only open to the
atmosphere when the machine door is opened. In third generation machinessdheaying air is
recirculated back to the drying drum through a vapor recovery sys@nC, 1997

Fourth generation dry cleaning equipment are essentially tgederation machines with added
A4SO2YyRIFENE QLN O2yiGNRfd® ¢KSaS YI OKAySa GaNBf e
adsorbent to reduce the PERC concentration at the cylinder outlet b8@®ppm at the end of

GKS RNE 0O0eOftS¢s YR INB Y2NB SFTFFSOGALOS G NBO?
have the same features as fourth generation machines, but also have a monitor inside the

machine drum and an interlocking system to ensilnat the concentration is below

approximately 300 ppm before the loading door can be opef@&dC, 1997
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Dry cleaners who opt to useBP can either convert existing PERC machines or purchase a new
dry cleaning machine specifically desidrfer 1-BP. To convertxésting PERC machines to use
1-BP, machine settings and components must be changed to prevent machine overheating and
solvent leakgBlando et al., 2010 1-BP is known to damage rubber gaskets and seals. It can also
degrade cast aluminum, which is sometimes used on equipment doors and other dry cleaning
machine components. In addition;BP is nbcompatible with polyurethane and silicof€URI,
2012,

Figure2-2 provides an overview of the dry cleanipgpcess. Worker exposure monitoring studies
for 1-BP at dry cleaning facilities suggest workers are exposed when 1) adding makeup solvent,
typically by manually dumping it through the front hatch, 2) opening the machine door during the
wash cycle, and 3) removing loads from the mach{Bésndo et al., 2010

Engineering controls such lxal exhaust ventilationLgEY located at or near the machine door
can reduce worker exposure during machine loading, machine unloading, and maintenance
activities(NCDOL, 20)3However, there are currently no regulatory requirements for installing
such contols to reduce IBP emissions and associated worker exposures at dryiotpéacilities.

Receiving Garments Pre-Spotting Dry Cleaning

Y of,

O
9 4

Finishing b
| Post-Spotting

N ‘

0y

Figure2-2 Overview of Dry Cleaning

2.1.3.2 Estimate of Number of Workers Potentially Exposed
EPA/OPP&stimated the number of workers and occupational agsers potentially exposed to
1-BP at dry cleaners usingdzNB | dz 2 ¥ [ OESRN@ROLSianditHe LS GeOsaSBUSB
(2012. The method for estimating number of workers is detailedppendix FThese estimates
were derived using industrand occupatiorspecific employment ata from the BLS and.8&
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CensusThe industry sectors and occupations that EPA/OPPT determined to be relevdamt to
cleaninguse are presenteth Appendix F

There are22,359dry cleaning estaldhments in the United Statesider NAIC812320(U.S.

Census Bureau, 201 Among these establishments, only a small subset uB® &s a dry

cleaning solvent. In 2009, the Drycleaning and Laundry Institute (DLI) estimated only about 50 dry
cleaning systems used DrySo(i4g5. EPA, 201B8& more recent survey conducted by
AmericanDrycleaner.com in 2012 indicated that 1.1% of respondents used DrySolv, but did not
specify the number of respalents participating in the survey (Beggs, 20d2cited i(U.S. EPA,
20139. EPAOPPTconservatively assumeal 1-BP market penetration of 1.1 percent. Using this
factor, EPAOPPTestimated that approximately 246 dry cleaning establishments and 1,088

workers and occupational nemsers are exposed to-BP(Table2-3).

Table2-3 Estimated Number of Workers Potentially Exposed td@P in Dry Cleaning Shops

Exposed Exposed S cd Occupational
P Occupational | Total Exposed Number of Workers per Site P .
Workers . non-usersper Site

non-users Establishmens
821 267 1,088 246 3 1

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational neasers by the number of establishments. Values are rounded to the nearest integer.

2.1.3.3 Assessment of Inhalation Exposure Based on Monitoring Data
Table2-4 presents an analysis of thel8 TWA BrsonalBreathingZone PBZ monitoring data
from literature. The data were obtained from two literature studies of dry cleaning shops in New
Jersey. The studies noted significant variability-BPLexposure among different dry cleaning
shops, different job titles, and in some cases on different days when thesax@ monitoring was
conducted. The exposure data were also impacted by the willingness of individual shops to
participate in exposure monitoring. Note the stu@iOSH, 20)@ontains additional partiashift
exposure data that are not summarized here. Forsiindata, an $r TWA value was not obtained
because owners of the shop requested that NIOSH remove the sampling equipment once they
had finished running the dry cleaning machirig$OSH, 2010

The facilities studied had general building ventilation, ceitmagunted or wakmounted fans, but
lacked controls specifically designed to reduce exposure to the dry cleaning solvent. Therefore,
EPAOPPTdid not identify any monitoring data to be representative of a pB§t scenario.

EPAOPPTdefined workers as dry cding machine operators. For workers, thé"@nd 50"
percentile exposures are 50.2 and 29pm 8hr TWA, respectively. The exposure level is
impacted by the number of loads cleaned, the number of solvent cooking cycles used, and

g KSiGKSNI H3dblvaityvias|added in that particular shop and on that particular day
when the monitoring was conductd@lando et al 2010. These activities can result in a larger
release of solvent vapors into the work environment, contributing to higher worker exposure to
1-BP. The studies also noted that work load and work practices varied greatly among the shops
(NIOSH, 2000Furter, NIOSHNIOSH, 20Joted that the highest BBP concentration in air was
F2dzyR 6KSy | FlLOAftAGE G6AGK  O2y@SNISR t 9w/
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been performed widely for PERC but is no longer recommended by the manufacturesBfor 1

2 LIS NJ (l19SHy 2010

EPA/OPPT defined occupational nsers as employees who work in the dry cleaning shops but
do not operate the machine. For occupational Rasers, the 98 and 5¢" percentile exposures

are 20.6 and 12.1 ppmi& TWA, respectively hE data suggest that-BP exposure for cashiers,
clerks, and other employees at the shop can still be significant.

Table2-4 Summary of 1BPInhalation ExposuregAC, ADC and LAD&)Dry Cleaning FacilitieBased on
Monitoring Data

Acute and Chronic, Nof£ancer Exposures
(8-Hour TWASs in ppm) Chronic, Cancer Exposures (ppm
AG.gp, snr wa@Nd ADG gp, ghr TWA LADGsp, ahr Twa

95th Data

Category 95th Percentile 50th Percentile Percentile 50th Percentile Points

Workers?2
Pre EC | 50.2 | 29.4 | 287 | 16.8 | u
Occupational nofusers?
Pre EC | 20.6 | 12.1 | 18 | 6.89 G

Source: (Blando et al., 20I;0NIOSH, 2010

AC = Acute Concentrati; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. Equations and

parameters for calculation of the AC, ADC, and LADC are descridppendix H

aWorker refers to dry cleaning machine operators

b Occupational nofuser refers to cashiers and clerks.

a PreEC PreEngineering Controls. All data assumed to be representative of-E@&enario

2.1.3.4 Assessment of Inhalation Exposure Based on Modeling
Because there are multiple activities with potentiaBP exposure at a dry cleaner, a natine
modeling approach is used to account feBP vapor generation from multiple sourc&sgure
2-3 illustrates this multizone approach, which considers the following three worker activities:

1 Spot cleaning of stains on both dirty and clean garmer@ receiving a garment, dry
cleaners inspect for stains or spots they can remove as much of as pdssibte
cleaning the garment in a dry cleaning machine. Spot cleaning may also occur after dry
cleaning if the stains or spots were not adequately removed. Spot cleaning occurs on a
spotting board and can involve the use of a spotting agent containingussolvents,
such as BP. Workers are exposed teBP when applying it via squeeze bottles, hand

held spray bottles, or even from spray guns connected to pressurized tanks. Once applied,

the worker may come into further contact with theBP if using &arush, spatula,
pressurized air or steam, or their fingers to scrape or flush away the (&taimg, 2012
NIOSH, 1997 For modeling, ERABPPTassumed the neafield is a rectangular volume
covering the body of a worker.

1 Unloading garments from dry cleaning machineést the end of each dry cleaning cycle,
dry cleaning wrkers manually open the machine door to retrieve cleaned garments.
During this activity, workers are exposed t®P vapors remaining in the dry cleaning
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machine cylinder. For modeling, EBRPTassumedhat the nearfield consists of a
hemispherical areaurrounding the machine door, and thtite entire cylinder volume of
aircontainingl t SEOKIy3S8a8 6AGK GKS g2NJBBEf I OS | ANE
concentration in the neafield, G, during each unloading eventhis concentration is
directly proprtional to the amount ofesidual 2BP in the cylinder when the door is
opened.The neaffield concentration then decaywith time until the nextunloading
event occurs.

1 Finishing and pressing:he cleaned garments taken out of the cylinder after each dry
clean cycle contain residual solvents and are not completely dvied Grde et al., 2003
The residual solvents are continuously emitted into the workplace during pressing and
finishing, where workers manually place the cleaned garments on the pressing machine to
be steamed and ironed. ER®¥PTassumed any residual solvastentirely evaporated
during pressing, resulting in an increase in the Aead 1-BP concentration during this
activity. Workers are exposed teBP vapors while standing in vicinity of the press
machine. Because this activity is typically performedevsianding, ER®PPTassumed
the nearfield to be a rectangular volume covering the upper body of the worker.

As the figure shows,-BP vapor is generated in each of the three nigglds, resulting in worker
exposures at concentration; G, and G=. The volume of each zone is denoted kyW, and \
The ventilation rate for the nedield zone (@ Q, Q) determines how quickly-BP dissipates
into the farfield (i.e., the facility space surrounding the ndids), resulting in occupational
non-userexposures to BP at a concentrations£ \iErdenotes the volume of the fdiield space
into which the 1BP dissipates out of the nefield. The ventilation rate for the surroundings,
denoted by @r determines howquickly1l-BPdissipates out of theurrounding space and into the
outside air
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Dry Cleaning
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Figure2-3 lllustration of the Multi-Zone Model

The dry cleaning industry is characterized by a large number of small businesses, many are family
owned and opeated. In addition, many dry cleaning facilities are open longer than eight hours

per day.As suchEPAOPPTassumed small dry cleaners operate up to 12 hours a day and up to 6
days a week. In additioEPA/OPPT assumed each facility has a single converted third generation
or fourth generation machine in modelingBP exposure. This assumption is based on a 2000

HSIA survey that very few PERC machines were fifth generation at théctiee 20051t should

also be noted that all three New Jersey dry cleaners evaluated iBltralo et al(2010 study

used converted third generation machines.

Appendix Summarizes the modeling equatiasppendix Ksummarizes the environmental
parameters for the multzone model. The fdiield volume, air exchange rate, and ndaid
indoor wind speed are identical to those used in thBP Spot Cleaning Model (s8ection
2.1.4.9. These values were selected using engineering judgment and literature data that
EPAOPPTbelieved tobe representative of a typical dry cleaner.

EPA/OPPT assessed three types of workers within the modeled dry cleaning facility: 1) a worker
who performs spot cleaning; 2) a worker who unloads the dry cleaning machine and finishes and
presses the garmentsnd 3) an occupational nemser. Each worker type is described in further
detail below.EPA/OPPT assumed each worker activity is performed over twoledging shifts.

The two shifts cover the full 22our operating day with a fodnour overlap in the middle of the

day when botrshiftsare present at the facility.
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EPA/OPPT assumspot cleaing occurs for eight hoursee Sectio2.1.4.9 in the middle of the
12-hour work day (from hou® throughhour 10. The firstshift worker spot keans garments

from hour2 through hour8, while the seconehift worker spot cleans garments franour 8 to

hour 10. The firstshift workeris exposed at théar-field concentration for two hours, and then at
the spot cleaning neafield concentration fosixhours The seconghift worker is exposed at the
far-field concentration for four hours, at the spot cleaning néiatd concentration for two hours
andthen againat the farfield concentration fotwo hours. Spot cleaning can occur throughout

the day for both dry cleaned loads and for laundered loads, because many dry cleaning facilities
also perform laundering.

During each shifttPA/OPPT assumadeparate worker unloasithe dry cleaning machine, and
finishesand presssthe garments. After eacload, EPAOPPTassumed this worker spends five
minutes unloading the machinduring whichhe or she is exposed at the machine néald
concentration After unloading, the worker spends five minutes in the finishing Hiedd to

prepare the garments. Hn, the worker spends another 20 minutes finishing and pressing the
cleaned garments. During this-2@inute period of finishing and pressing, the residu&R

solvent is offgassed into the finishing nedield. The amount of residuatBP solvent is

estimated using measured data presentedwon Grote et al., 2003or a nonvented, dryto-dry
machine (i.e., 3 generation). These unloading and finishing activities are assumed to occur at
regular intervals throughout the twelvkour day. The frequency of unloading and finishing
depends on the number of loads dry aleed each day, which varies from one to 14, where 14

was the maximum number of loads observed in (N¢OSH, 201)Gnd (2010 studies. When this
worker is not unloading the dry cleaning machine or finishing and pressing garments, the worker
is exposed at the fafield concentrationDuring the 4hr overlap periodEPA/OPPT assumttk
first-shift worker performs the work attity if a given load can be completed prior to the end of
GKS FTANRG AKATUO OADPSP K2dzNJ yod 9t ! khtt¢ RSTFAYS
unloaded, finished, and pressed. If a load cannot be completed by the end of th&hfitsit is
assigned to the seconshift worker.

EPA/OPPa@ssumed one occupational narser is present during the first shift, and another is
present during the second shift, such that each occupationatus®r is exposed at the fdield

concentration for eight hots a dayThe occupational noaiser could be the cashier, tailor, or
launderer, who works at the facility but does not perform dry cleaning activities.

Table2-5 presents the Monte Carlo results with the Latin hypercube sampling method,a00
iterations.For each iteration, the average expostioe each work categoris calculated across
the two shifts.Statistics of the averagshift exposures (95and 50" percentiles) are then
calculated at the end dhe simulation after all iterations have completdéor the dry cleaning
worker who performs unloading and finishing, taeerage shifo5" and 5" percentile

exposues are60.7ppmand7.35ppm 8-hr TWA, respectivelfTable2-5). For spot cleaning
worker, theaverage shif5" and 50" percentile exposures ar¢.93ppmand1.83ppm 8-hr

TWA respectivelyFor occupational nowmisers, the average shift 9&nd 50" percentile
exposures are 4.84 ppm and 0.931 ppr8TWA.The model values cover a wider distribution of
exposure levels when compared to the monitoring data. This is likely dueetevide range of
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model input parameter values covering a higher number of possible exposure scenarios.
However, the modeled occupational naser exposures are lower than actual monitoring results
presentedin Section2.1.3.3 The model assumes the occupational ager spends their time
entirely in the farfield. In reality, it is possible that these employees will occasionally perform
activities in the neafield, thereby having a higher level of exposure.

The AC, ADC, and LAEAtulations aréncludedin Appendix HThese calculations are integrated
into the Monte Carlo simulation, such that the exposure frequency nesttire model input
values for each iteration. The exposure frequency varies from 250 to 312 days per year.

Note there are additional activities with potentialBP exposure at dry cleaners that are not
included in this multzone model. For example, workezsuld be exposed to-BP emitted due to
equipment leaks, when rélling 1-BP solvent into dry cleaning machines, when interrupting a dry
cleaning cycle, or when performing maintenance activities (e.g., cleaning lint and button traps,
raking out the stillchanging solvent filter, and handling solvent was@$HA, 2005However,

there is a lack of information on these activities in the literature, and the frequency of these
activities is not well understood. The likelihood of equipment leaks is dependent on whether the
PERC machines are properly converted and maintairrezlfréquency of solvent rélling

RSLISYRa&

2y
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by the presence of leaks. Based on observations reportgtil lySH, 201)@&nd (Blando et al.,
2010, solvent charging is not performed every dBfPA/OPPWas unable to develop a modeling

approach for these exposure activities due to the lackwilable information.

Table2-5 Statistical Summary of -BP Dry Cleaning Exposures for Workers and Occupationatiéens

based on Modeling

Acute and Chronic, Nof€ancer Exposures
(Average Shift 8&Hour TWAs in ppm) Chronic, Cancer Exposures (ppm)
AG.gp.12hr Twa@Nd ADG-gp 12-hr TWA LADGgp 12-hr TWA
Category 95th Percentile 50th Percentile 95th Percentile 50th Percentile
Workers Machine Unloading and FinishifidearField)
Pre EC 60.7 7.35 34.7 4.20
Post EC 6.07 0.735 3.47 0.420
Workers Spot CleaningNearField)
Pre EC 6.93 1.83 3.96 1.04
Post EC 0.693 0.183 0.396 0.104
Occupational norusers (FafField)
Pre EC 4.84 0.93L 2.76 0.5
Post EC 0.484 0.0931 0.276 0.0532

AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. Equations and

parameters for calculation of the AC, ADC, and LADC are descrigppandix H

PreEC: refers to modeling where no reduction due to engineering controls was assumed

PostEC: refers to modeling where engineering controls wittaasume®0% efficiency were implemented
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2.1.4 Spot Cleaning at Dry Cleaners

2.1.4.1 Process and Worker Activity Description s
On receiving a garment, dry cleaners inspect for stains or spots they can remove as much of as
possible before cleaning the garment in a dry cleaning machinEighse2-4 shows, spot
cleaning occurs on a spotting board and can involve the use of a spotting agent containing various
solvents, such as-BP. The spotting agent can be applied fromespe bottles, handheld spray
bottles, or even from spray guns connected to pressurized tanks. Once applied, the dry cleaner
may come into further contact with the-BP if using a brush, spatula, pressurized air or steam, or
their fingers to scrape or flinsaway the stairfYoung, 2012NIOSH, 1997

Figure2-4 Overview of Use of @t Cleaning at Dry Cleaners

EPAOPPTassesses a separate spot cleaning at dry cleaners scenario to account for dry cleaners
that may use BRbased spot cleaner formulations but not convert theERC dry cleaning

machine system to-BP. Therefore, this scenario represents dry cleaners where spot cleaning is
the only source of -BP exposure.

2.1.4.2 Estimate of Number of Workers Potentially Exposed
See SectioR.1.3.2for the estimated number of workers and occupational amers at dry
cleaning shops. Workers at these shops often perform multiple activities; as such, a single worker
who spot treas the garments using-BP may also load and unload the dry cleaning machines.

2.1.4.3 Assessment of Inhalation Exposure Based on Monitoring Data
Table2-6presents 8\r TWAt . % Y2y AG2NAY 3 REFEGE FNRY h{l! Lal({
facility. The facility is a bridal store (not a dry cleaners) where alterations, steaming, pressing and
spot cleaning are performed. The facility used approximately one gallon of Albagps®onth, a
formulation containing 40 to 70 percentBP. Workers spragpplied the solvent formulation to
stained portions of the dresses via adf handheld Arrow Textile spray gun. The workers
operated approximately 8 to 10 feet apart from each other arirtbt wear any personal
protective equipment. Each worker may clean up to 8 dresses per day. The study did not mention
the use of any engineering controls at the facility to mitigate worker exposure.

Actual exposure for the two workers were 1.8 and 1p2pS8-hr TWAEPA/OPPT presented the
data as a range because only two data points are available from this stisbeuld be noted
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that these exposure levels may not be representative of spot cleaning exposure at dry cleaning
facilities, where a larger wk load is likely handled.

Table2-6 Summary of Inhalation Exposure Data for Spot Cleaning

Acute and Chronic, Noef€ancer Exposures
(8-Hour TWASs in ppm) Chronic, Cancer Exposures (ppm
AG-sp, snr twa@Nd ADG gp, ghr Twa LADGp, ahr Twa
Data
Category Highend Lowend Highend Lowend Points
Workers
Pre E€ 1.80 | 1.20 1.03 | 0686 2

Source(OSHA, 2013

AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. Equations and
parameters for calculationf the AC, ADC, and LADC are describégpendix H
aPreEC #PreEngineering Controls. Data assumed to be representative of-&@r&cenario

2.1.4.4 Assessment of Inhalation Exposure Based on Modeling
A more detailed dscription of the modeling approach is providedAppendix JFigure2-5
illustrates the neaffield/far-field modeling approach thatFEXOPPTapplied to spot cleaning
facilities. As the figure shows, chemical vapors evaporate into thefireldr(at evaporation rate
G), resulting in neatfield exposures to workers at a concentration=(’ he concentration is
directly proportional to the amount of spot cleaner applied by the worker, who is standing in the
nearfield-zone (i.e., the working zofeThe volume of this zone is denoted y\Whe ventilation
rate for the neaffield zone (@p determines how quickly the chemical of interest dissipates into
the farfield (i.e., the facility space surrounding the ndild), resulting in occupationaton-user
exposures at a concentratiorriC\irdenotes the volume of the fdfield space into which the
chemical of interest dissipates out of the ndald. The ventilation rate for the surroundings,
denoted by @r determines how quickly the chemiadiksipates out of the surrounding space and
into the outdoor air.

Far-Field

Near-Field

Qm_)'

Figure2-5 Schematic of theNearField/FarField Model for Spot Cleaning
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It should be noted that although-BP has been marketed for useaspot cleaner, the
prevalence of this use is not known at this time.

To determine the BP use rate, EFGPPTconducted a targeted literature search to identify
information on the typical amount of spotting agents used at dry cleaners. The Massachusetts
Department of Environmental Protection (MADEP) provided a comparative analysis of several dry
cleaner case studies using various PERC alternatives. This document estimates a dry cleaner using
1-BP spends $60 per month on spotting agents. This particuldityfalry cleans 100 pieces of
garments per day. MADEP noted that the facility size can vary greatly among individual dry
cleanergMassDEP, 20).38lando et al(2009 estimated that 2BP solvent products cost $45 per
gallon. Based on this information, EPRPTcalculatal a spot cleaner use rate of 1.8@llons per
month, or 16 gallons per year. The Safety Data Sheet for DrySmiimraon tBP formulation,

indicates the product contains greater than 87 percetBR by weigh(Enviro Tech International,
2013. The model input parameters are documenteddppendix K

EPAOPPTperformed Monte Carlo simulations, applying one million iterations and the Latin
hypercube sampling method.able2-7 presents a statistical summaof the exposure modeling
results for the preEC and posECscenarios. Fapre-EG the 50" percentile neaifield exposure is
257 ppm 8hr TWA, with a 98 percentile 0f9.44ppm 8hr TWA These results are generally
comparable to the monitoring datdVith engineering controlsnodel exposures reduced to
0.257and0.944ppm &hr TWA, respectively. Engineering conteb(,LEV) is assumed to be 90
percent effectivek & | -AdTEK ISy IAYSSNAY I | dadzYLIWGA2y @

For occupational norusers (faffield), modelexposure has a S0percentile value of @88ppm
and a 9% percentile value 08.79ppm &hr TWA. With engineering controls, the exposure is
reduced t00.0888and0.379ppm 8hr TWA, respectively.

Estimates of Acute Concentration (AC), Average Daily Concentrations (ADC) and Lifetime Average
Daily Concentration (LADC) for use in assessing risk were made using the approach and equations
described iMppendix H

Table2-7 Statistical Summary of-BP 8hr TWA Exposures (AC, ADC and LADC) for Use of Spot Cleaning
at Dry Cleaners Based on Modeling
Acute andChronic, NorCancer Exposurg8-Hour

TW4As in ppm) Chronic, Cancer Exposurgspm)
ACiep, ghr Twa@Nd ADG.gp, ghr Twa LADGgp, ghr TWA
Category 95th Percentile ‘ 50th Percentile 95th Percentile ‘ 50th Percentile
Workers (NeaiField)
Pre EC 9.44 2.57 5.39 1.47
Post EC 0.944 0.257 0.539 0.147
Occupational nofusers (FafField)
Pre EC 3.79 0.888 2.16 0.507
Post EC 0.379 0.0888 0.216 0.0507

Note: AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. Equations
and parameters for calculation of the AC, ADC, and LADC are descymgzkimdix HECg Engineering controls

PreEC: refers to modelinghere no reduction due to engineering controls was assumed

PostEC: refers to modeling where engineering controls wittaasume®0% efficiency were implemented
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2.15 Vapor Degreasing

2.1.5.1 Process and Worker Activity Descriptions
1-BP is a potential replacement for chlorinated solvents in vapor degreasing. Vapor degreasing is
used to remove dirt, grease, and surface contaminants in a variety of metal cleaning industries.
The suitability of BP for use in vapor degreasing is du@sdigh purity, compatibility with
many metals, low corrosivity, and suitability for use in most modern vapor degreasing equipment.

Figure2-6 is an illustration of vapor degreasing operations, which can occur in a variety of
industries.
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Figure2-6 Use of Vapor Degreasing in a Vagedf Industries

There are several types of vapor degreasing equipment, including batch degredses, in
degreaser, and airless, vacuum degreaser. The batch degreaser, traditionally atoppeni, is

a tank with condensing coils at the top (deigure2-7). Heatirg elements at the bottom of the
degreaser heat the liquid solvent to above its boiling point. Solvent vapor rises to the height of
chilledcondensing coils on the inside walls of the unit, producing a hot vapor zone below the
coils. The condensing coils cool the vapor, causing it to condense and return to the bottom of the
degreasel(U.S. EPA, 200ba

To clean dirty parts, the substrates are lowered into the vapor zdme hbt vapor condenses
onto the substrate, which is cooler in temperature, and the condensation dissolves the grease
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and carries it off the substrate surface as it drains into the solvent reservoir below. The process
continues until the substrate temperate reaches that of the vapor, at which point the cleaned
and dried substrate is lifted out of the vapor zone. The degreaser can also contain one or more
immersion tanks below the vapor zone for additional cleaning and rinsiBg. &missions and
worker exmsures from batch, opetop degreasers can occur from solvent dragout or vapor
displacement when the substrates are raised out of or lowered into the equipment, respectively
(Kanegsberg and Kanegsberg, 20Worker exposurés also possible while charging new solvent
or disposing spent solvent.

\‘7 > | S ———

Primary ™ Freaboard
Condensing Coils .

Cendansate Trough

Water

Separaror

Temperature
Inicator  —_—

Cleanout Door

Solvent Level Sight Glass

Work Rest and Procective Grate

Source: EPA. 1993

Figure2-7 OpenTop Batch Vapor Degreas@J.S. EPA, 2006a

An inline type degreaser consists of a material handling system that automatically conveys the
workload in and out of the degreaser-line degreasers are used where there is a high volume of
workload, typically custordesigned for large scale industrial operations. These units utilize the
same general cleaning techniques as batch units, but have different emission points due to
differences in equipment configuration.-lime degreasers are seranclosed above the

solvert/air interface, with the only openings at substrate entry and exit ports. Therefore,

emissions are substantially lower than those from equal sized batch -mpevapor degreasers.
However, most ifine degreasers are larger than batch, ogep vapor degeasers. Some ihne
degreasers are equipped with an exhaust system that pumps air from inside the cleaning machine
to an outside venf{U.S. EPA, 208

In airless degreaser systems, air is removed from an enclosed degreaser using a vacuum pump.
The hot solvent vapor contacts the substrate via spraying action, condenses on the cooler
substrate, and is removed by vacuum. The spraying and vacuum atsteps are then repeated
until the substrate is cleaned. Because the system is under a vacuum, solvent can boil at
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temperatures below their normal boiling points. These types of degreasers have very low solvent
emissions; users of these systems have rgggbusing the equipment for over fiwgears without
solvent changeoufKanegsberg and Kanegsberg, 2011

2.1.5.2 Estimate of the Number of Workers Potentially Exposed
EPAOPPTestimated the number of workers potentially exposedit®P in vapor degreasing
using. dzNB I dz 2 T [ OERRtNROLFiand(0E) .8 Oengus SUBBhe method for
estimating number of workers is detailedAppendix FThe worker estimates were derived using
industry- and occupatiorspecific employment data from these sources. The industry sectors and
occupations that EF@PPTdetermined to be relevant to degreasing uses presented below
EPAOPPTwas unable to determine which industry sectors and occupations perform specific
degreasing types (e.g., vapor degreasing versus cold cleaning). It is possible that establishments
under the same NAICS code perform a combination of vapor degreasing anceanlichg!

There are 109,966 establishments among the industry se¢seesAppendix . Thenumber of
businesseshat usel-BPfor vapor degreasing estimated ab00 to 2,50(businessegU.S. EPA,
2007Dh. This translates to aBP market penetration of 0.5 percent to 8rcent.

Table2-8 presents the estimated number of workers and occupational-nsers based on
industry- and occupationaspecific employment data. The leend estimates correspond to a 0.5
percent market penetration, while the higdnd estimates corrggond to a 2.3 percent market
penetration. The total number of potentially exposed workers and occupationalusens range
from 4,712 to 23,558.

Table2-8 Estimated Number of Workers Potentially Exposeditd3P in Degreasing Uses

Exposed Expos_ed Esimated _ Occupational
Workers Occupational | Total Exposed Number of Workers per Site non-usersper
non-users Establishmens Site
Lowend
3245 | 1466 | 4712 | 500 | 6 | 3
Highend
16226 | 7,332 | 23558 | 2,500 | 6 | 3

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational nensers by the number of establishments. Values are rounded to the nearest integer.

2.1.5.3 Assessment of Inhalation Exposure Ba sed on Monitoring Data
Table2-9 summarizes the -BP exposure data for p#eC and posEC vapor degreasing scenarios.
EPAOPPTobtained exposure monitoring data froseveralsources, including journal articles
(e.g.,(Hanley et al., 2000, NIOSH HHEs, OSHA IMIS database, and data submitted to the EPA
SNAP program. NIOSH HHESs are conducted at the request of employees, employers, or union
officials, and provide information on existing and potential hazgrésent in the workplaces
evaluated. OSHA IMIS data are workplace monitoring data from OSHA inspections; EPA SNAP
program data are collected as partof the FBRPTR A SFF2NU (G2 ARSYyGATe
depleting substances.
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Data from these source®eer exposure at a variety of industries that conduct vapor degreasing,
including telecommunication device manufacturing, aerospace parts manufacturing, electronics
parts manufacturing, helicopter transmission manufacturing, hydraulic power control compone
manufacturing, metal product fabrication, optical prism and assembly, and printed circuit board
manufacturing. It should be noted that sources that only contain a statistical summary of worker
exposure monitoring, but exclude the detailed monitoringuks, are not included inEAOPPT2 &
analysis below.

Most of the gathered data were for batch opéop vapor degreasers with the only exception
being data obtained from the EPA SNAP program, which did not specify the type of degreaser
used. The EPA SNABgram data were included in the data analysis despite the uncertainty in
the degreaser type. Additionally, the OSHA IMIS data fromid2h indicated that spray cleaning
occurred while parts were inside the degreas@@SHA, 2013Such activities could further
increase worker exposure.

To analyze the exposure monitoring daE AOPPTcategorized these data infore-EC and post

EC scenarios. EPPTA RSY i AFTASR GUKS RIGF 92 ¢0 A O0SHLINB2SKFI
were gathered before implementation of engineering controls desilgteereduce worker

exposure to BP. PAOPPTA RSY G AFTASR RBRF &I AT20&SearguB 3l G§KSN
implementation of engineering controls designed to reduce worker exposureBB &t the

facility. These controls canclude local exhaust verdiiion, dedicated ventilated degress

room, or controls to the degreasg equipmentsuch adargerand improved chillers

9t ! khtt¢ RSFAYSR I @I LRNI RSAINBFaAy3a as2N] SNE |
maintenance tasks on the degreaser, such agdrg, cleaning, and charging the degreaser bath
GFryl1e® 9t!khtt¢ RSTFRYSNRE al2D0dxLI) SIKIy2ESY24dK2 R2S
1-BPor operate the degreagert performs work in the area around the degreaser. The data

sources do not describibeir work activities in detail, and the exact proximity of these

occupational norusers to the degreaser is unknown.

PreEC exposure data for vapor degreasing shows that workers handling the solvent and
operating the degreasers are exposed to signifidan¢ls of 1BP, with 9% and 50" percentile
exposures of 47.7 and 82pm, respectively. In podEC scenarios, worker exposures are
reduced to 8.8 and 1.® ppm at the 9% and 50" percentile levels, respectively, suggesting that
good engineering controls can significantly reduce worker exposureBi® dluring vapor
degreasing. For occupational nosers, both preEC and posEC inhalation levels ofBP are
below 5 ppm.
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Table2-9 Statistical Summary of -BP 8hr TWA Exposures (AC, ADC and LADGYdpor Degreasing

Based on MonitoringData

Acute and Chronic, Noe&ancer Chronic, Cancer Exposures
Exposures (8Hour TWAs in ppm) (ppm)
AG.-sp, shr wa@nd ADG-gp, shr Twa LAD@sp, shr Twa
95th 50th Data
Category 95th Percentile 50th Percentile Percentile Percentile Points
Worker
Pre EC 47.7 8.20 27.3 4.69 167
Post EC 8.40 1.50 4.80 0.857 26
Occupational norusers?
Pre EC 4.90 0.440 2.80 0.251 7
Post EC 0.0200 0.0200 0.0114 0.0114 13

Source(OSHA, 2013).S. EPA, 200%hMNote the(NIOSH, 2003study only contains pogEC data.

aQccupational nofusers refers to those employees who dat megularly handle the solvent or operate the degreaser but work in
the degreaser area.

Note: the occupational nomsers, post EC had the same exposure concentration 0.02 ppm at then8i0%" percentiles because
in the 13 data pointshe reported exposure concentration hadvery small range witmultiple data points at 0.02 ppm.

Equations angbarametersfor calculation of the AC, ADC, and LADC are descrilfggpendix H

2.1.5.4 Assessment of Inhalation Exposure Based on Modeling
A more detailed description of the modeling approach is providefpbpendix JFigure2-8
illustrates the neafield / far-field model that can be applied to vapdegreasindKeil et al.,
2009. As the figure shows, volatileBP vapors evaporate into the nefeld, resulting in worker
exposures at a concentrationn€ The concentration is dirélg proportional to the evaporation
rate of 1:BP, G, into the nedtreld, whose volume is denoted by¥ The ventilation rate for the
nearfield zone (Qp determines how quickly-BP dissipates into the fdield, resulting in
occupationahon-userexposires to 2BP at a concentration€ \i-rdenotes the volume of the
far-field space into which the-BP dissipates out of the ne&eld. The ventilation rate for the
surroundings, denoted by determines how quickly-BP dissipates out of the surroundin
space and into the outsidair. Appendix dutlines the equations uses for this model.
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Figure2-8 Schematic othe NearField/FarField Model for Vapor Degreasing

Appendix Kpresents the model parameters, parameter distributions, and assumptions for the
1-BP vapor degreasy model.To estimate the BBP vapor generation rate, the model references
an emission factodeveloped by the California Air Resources Board (CARB) for the California
Solvent Cleaning Emissions Invento(@8RB, 201). CARB surveyed facilities that conduct
solvent cleaning operations, and gathered sfeecific information for 213 facilities. CARB
estimated a 1BP emission factor averaging 10.43 Ib/employeewith a standard deviation of
17.241b/employeeyr, where the basis is the total number of employees at a facilibe majority
of 1-BP emissions were attributed to the vapor degreasing category.

LG aK2dzZ R 0S y20SR (KIG GKS a@FLI32N RSANBIaay3é
loaded vapor degreaser, aerosol surface preparation process, and aerosol cleaning process. It is

not known what percentage, if any, of theBP emission factor is derived from aerosol

applications. This modeling approach assumes HB#lemission factor is argly attributed to

vapor degreasing applications. The emission factor is expected to represent emissions from
batchloaded degreasers used in California at the time of study. It is not known whether these are
specifically operiop batch degreasers, althgin opentop is expected to be the most common

design. The CARB survey data did not include emissions for conveyorized vapor degreasers.

The CARB emission factor is then combiwvetl U.S. employment data for vapor degreasing
industry sectors from the Econtic Census Thel-BPRA identified 78 NAICS industry codes that
are applicable to vapor degreasing. For these industry codes, the Census data set indicates a
minimum industry average of 8 employees per site, with & pércentile and 9% percentile of

4 For the purpose of modeling, EPA/OPPT used data from the 2007 Economic fOetisisapor degreasing NAICS
codesasidentified in the TCE RQ.S. EPA, 2014 dhe 2012 Economic Census did not have employment data
(average number of employees per establishment) for all vaporedsing NAICS codes of interest.
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25 and 61 employees per site, respectively. A lognormal distribution is applied to the Census data
set to model the distribution of the industigverage number of employees per site for the NAICS
codes applicable to vapor degreasing.

Thesenationwide Censugmployment data are comparable to the 2008 California employment
RFGF OAGSR Ay /! w. Qa addzRed ! OO2NRAY3I (2 (KS
cleaning facilities in California had less than 50 employees (whereas the national Census data
edimate 90 percent of facilities have less than or equal to 61 employees). It is important to note
that the Census data report an average number of employees per site for each NAICS code. The
number of employees for each individual site within each NAI@8 isnot reported. Therefore,

the distribution EPAOPPTcalculated represents a population aferagefacility size for each

NAICS code, and not the populationimdividualfacility sizes over all NAICS codes.

The vapor generation rate, G (kg/uihit), is calculatedn-situ within the model, as follows:

Equation2-1 Equation for Calculating Vapor Degreasigpor Generation Rate
G = EK EMP / (2.20462 x OH x OD x U)

WhereEF = emission factor (Ib/employge)
EMP = Number of employees (employee/site)
OH = Operating hours per day (hr/day)
OD = Operating days per year (day/yr)
U = Number of degreasing units (unit/site)
2.20462 = Unit conversion from Ib to kg (Ib/kg)

EPAOPPTperformed a Monte Carlo simulation with one million iterations dhd Latin

Hypercube sampling methdd @Riskto calculate ghour TWA neafield and farfield exposure
concentrations. Neafield exposure represents exposure concentrations for workers who directly
operate the vapor degreasing equipment, whereasfiald exposure represents exposure
concentrations for occupationaon-users(i.e., workers in the surrounding area who do not
handle thedegreasing equipment).

The modeled $r TWA results and the valuesTiable_Ap»H-1 are used to calculat8-hr acute
exposure, ADC, and LADC (alsoAygeendix Hl

Table2-10 presens a statistical summary of the exposure modeling resid&imates of Acute
Concentration (AC), Average Daily Concentrations (ADC) and Lifetime Average Daily
Concentration (LADC) for use in assessing risk were made using the approach and equations
described imMAppendix H

5 A risk analysis software tool (Microsoft Excel @m)dusing Monte Carlo simulation
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These exposure estimates represent modeled exposures for the workerscang@ational non
users For workers, the B0percentile exposure is 1.76 ppra8 TWA, with a 98 percentile of
25.61ppm 8hr TWA. Compared to literature studies:

1 Hanley et al(2010 reported a geometric mean of 2.63 pprh8 TWA exposure with a
range of 0.078 to 21.4 ppmi& TWA among 44 samples;

NIOSH2001) reported a range of 0.01 to 0.63 ppmh®@ TWA among 20 samples;

A 2003 EPA analysis suggested 8apercent of the samples were less than 25 pphr 8
TWA among 500 samples at vapor degreasing faci(lti€s. EPA, 2003

T
)l

The modeled mean nedield exposure is found to be generally comparable to the exposures
reported in literature.

For occupationahon-users the modeled fafield exposure has a SQpercentile valie of
0.671 ppm and a 99 percentile of 9.38 ppm-&r TWA. These modeled ffield results are
somewhat higher than reported literature valudblanley et al., 200)0eported workers away
from the degreasers are exposed at concentrations of 0.077 to 1.69 ppnT&/A, with a
geometric mean of 0.308 ppmi& TWA.

The postEC scenarios referent®adden et al. (1989 and NEWMOA2001). The model assumes
engineering controls can be 90 percent effective; this value is based on a LEV system for-an open
top vapor degreaser (lateral exhaust hoods installed on two sides of the fafa@dden et al.,

1989. This assumption is likely an overestimate because the study covered only reductions in
degreaser machine emissions due to LEV and did not address other sources of emissions such as
dragout,fresh and waste solvent storage and handling. Furthermore, a caveat in the study is that
most LEV likely do not achieve ACGIH design exhaust flow rates, indicating that the emission
reductions in many units may not be optimized. Actual exposure reductionsadded

engineering controls can be highly variable and can only be verified by monitoring studies.

The model assumes 98 percent exposure reduction can be achieved using equipment
substitution. This value is based on the NEWMOA study, which states air emissions can be
reduced by 98 percent or momhena closedioop degreaser is used instead of an ofiep
vapor degreaseNEWMOA, 2001

The modelegostECscenaios suggest that-BP exposure during vapor degreasing could be
effectively reduced using either equipment substitution or improved ventilation.
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Table2-10 StatisticalSummary of 1BP8-hr TWA Exposure@AC,ADC and LAD®)r Vapor Degreasing
Based on Modeling

Acute andChronic, NorRCancer Exposurg8-Hour

TW4s in ppm) Chronic, Cancer Exposurg§spm)
ACi8p, shr wa@Nd ADG.gp, shr Twa LADG&p, gnr Twa
Category 95th Percentile ‘ 50th Percentile 95th Percentile ‘ 50th Percentile
Workers (NeasField)

Pre EC 25.6 1.76 14.6 1.01
Post EG0% 2.56 0.176 1.46 0.101
Post E®8% 0512 0.0352 0.293 0.0202

Occupational norusers (FafField)

Pre EC 9.38 0671 5.36 0.383
Post E®0% 0.938 0.0671 0.536 0.0383
Post E®8% 0.188 0.00134 0.0107 0.00767

AC = Acute Grentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily ConcentraiiperiizeH

PreEC: refers to modeling where no reduction due to engineering controls was assumed

PostEC: refers to modeling where engineering controls with 90% efficiency were implemamgedipment substitution with
98% efficiency

2.1.6 Cold Cleaning Degreasing

2.1.6.1 Process and Worker Activity Description s
Cold cleaners are naooiling solvent degreasing units. Cold cleaning operations include spraying,
brushing, flushing, and immersioRigure2-9 shows the design of a typical battdaded,
maintenance cold cleaner, where dirty parts are cleaned manually by spraying and then soaking
in the tank. Afte cleaning, the parts are either suspended over the tank to drain or are placed on
an external rack that routes the drained solvéaickinto the cleaner. Batch manufacturing cold
cleaners could vary widely, but have two basic equipment designs: the sspalg sink and the
dip tank. The dip tank design typically provides better cleaning through immersion, and often
involves an immersion tank equipped with agitati@hS. EPA, 1981Emissions from batch cold
cleaning machines typically result from (1) evaporation of the solvent from the selvent
AYGSNFHONE @i ¢a@F SEOSaa az2t @Syid 2y Ot SFySR |
solvent during filling and draining of the machifieS. EPA, 200ha
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Figure2-9 TypicalBatchLoaded,Maintenance Cold CleandlJ.S. EPA, 1981

Emissions from cold 4line (conveyorized) cleaning machines result from the same mechanisms,
odzi S6AUGK SYAadarzy LRAY(GaE

2(\.8. EPAL 2D0pd K S

LI NI aQ Sy

The general worker activities for cold cleaning include placing the parts that require cleaning into
a vessel. The vessel is usually something that will hold the pat not the liquid solvent (i.e., a

wire basket). The vessel is then lowered into the machine, where the parts could be sprayed, and
then completely immersed in the solvent. After a short time, the vessel is removed from the
solvent and allowed to drifair dry. Depending on the industry and/or company, these operations
may be performed manually (i.e., by hand) or mechanically. Sometimes parts require more
extensive cleaning; in these cases, additional operations are performed including directly spraying
solvent on the part, agitation of the solvent or parts, wipe cleaning and brughili@SH, 2001

U.S. EPA, 199Yb
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Figure2-10 lllustration for Use of Cold Cleaner in a Variety of Industries

2.1.6.2 Estimate of the Number of Workers Potentially Exposed
There is no information to determine the number of workers and occupationaiusans
potentially exposed -BP during cold cleaning. The use @R is this sector is expected to be
minimal. It is possible that some of the degreasing facilities preseant8dction2.1.5.2also use
1-BP as a cold cleaning solvent.

2.1.6.3 Assessment of Inhalation Exposure Based on Monitoring Data
Table2-11 presents OSHA IMIS data for two facilities: McFadden Lighting and Danville Metal
Stamping. The first facility manufactures decorative, architectural, and church lighting, and uses
1-BP to clean parts an immersion process in an area with general ventilation. The second
facility manufactures parts for the aerospace industry, and usBP In a degreasing tank
equipped with a spray nozzle. The degreasing operation is conducted in an area with local
exhaust ventilation. The degreasing equipment and process activitye two studiesappear to
refer to cold cleaning; however, the equipment is not described in detail in the OSHA IMIS data.
The 9% and 50" percentile exposures for workers are 8&and13.7ppm &hr TWA, respectively.
For occupational nowmisers, the exposure value is based on a single data poiatferson
RS a ONMXM/6{SIRh & Caeéniicdl Sabetgnd Health Officer)whichis an official from OSHA or a
state plan occupational safetynd health prgram. The exposure for this individual measured
2.60 ppm &hr TWA. This data point represents a WAfaihhalation exposure level for
occupational norusers; the representativeness of this data point is unkndivshould be further
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noted thatIMIS data are obtained from OSHA inspections, and not intended to be representative
of average worker exposure.

Table2-11 Summary of Inhalation Exposure Monitoring Data for Cold Cleaning

Acute andChronic, NorCancer
Exposures (8Hour TWAS in ppm) Chronic, Cancer Exposures (ppn|

AG.sp, anr waand ADG-sp, shr TwA LAD@sp, shr Twa
Data
Category 95th Percentile 50th Percentile | 95th Percentile | 50th Percentile| Points
Workers

Pre EC 46.9 | 13.7 26.8 | 7.83 10
Data
Category What-if What-if Points

Occupational nofusers
Pre EC | 2.60 | 1.49 | 1

Source(OSHA, 2013

Whatif: Represents a whaf inhalation exposure level for occupational roser based on a single data point.

2.1.6.4 Assessment of Inhalation Exposure Based on Exposure Modeling
A more detaileddescription of the modeling approach is provideddippendix JThe EPA AR2,
Compilations of Air Pollution Emission Factwatains emission factors and procasformation
developed and compiled from source test data, material balance studies, and engineering
estimates(U.S. EPA, 198XChapter 4.6 provides generic, nomethane VOC emission factors for
several solvent cleaning operations, including cold cleaning and vapor degreasisg.effission
factors suggest that cold cleaning emissions range from 3.2 to 57.1 percent of the emissions from
a traditional openrtop vapor degreasefU.S. EPA, 1981To model exposures duringBP cold
cleaning, an exposure reduction factor, RF, with uniform distribution from 0.032 to 0.571 is
applied to the vapor degasing model.

Figure2-11 presents the model approach for cold cleaniBgcept for the exposure reduction
factor, the model approach and input parameters for cold cleaning are identical to those
previously presentedor vapor degreasingP AOPPTperformed a Monte Carlo simulation with
one million iterations and the Latidypercubesampling method i@Risko estimate 8hr TWA
nearfield and farfield exposures. EAOPPTthen used these model exposure estimates to
calculate acute exposure, ADC, and LADC. Note the cold cleaning model approach and the
underlying data used (i.&£PAAR42) do not differentiate between a spray versus immersion cold
cleaner.
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Figure2-11 The NeasField/Farfield Model for Cold Cleaning Scenario

Table2-12 presens a statistical summary of the exposumodeling resultsEstimates of Acute
Concentration (AC), Average Daily Concentrations (ADC) and Lifetime Average Daily
Concentration (LADC) for use in assessing risk were made using the approach and equations
described imAppendix HFor workers, the preEC exposures ae442 ppm &hr TWA at the 50
percentile and 7.82 ppm-Br TWA at the 98 percentile. These exposure levels are substantially
lower than actual monitoring data. This may be because the model assumes the cold cleaner only
operates two hours per day, which could underestimate exposure if the equipment is operated
for a longer duation. For occupationahon-users, thepre-ECexposure are0.168 ppm at the50"
percentileand2.88 ppm 8hr TWA at thed5™ percentile With engineering controls, these
exposures are further reduceavith some being reduced to levddelow the ACGIH TIo¥

0.1ppm. We assume the engineering control effectiveness would be similar to that of a vapor
degreaser.
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Table2-12 Statistical Summary of -BP8-hr TWAExposuregAC, AD@nd LADCJ¥or Cold Cleaningased
on Modeling

Acute and Chronic, Noef€ancer Exposures{8our
TWAS in ppm) Chronic, Cancer Exposures (ppm)
AG.gp, snr twaanNd ADG.gp, ghr TWA LADGgp, ghr TWA
Category 95th Percentile | 50th Percentile 95th Percentile | 50th Percentile
Workers (NeaiField)
Pre EC 7.82 0.442 4.47 0.253
Post EC 90% 0.782 0.0442 0.447 0.0253
Post EC 98% 0.156 0.0884 0.0894 0.00605
Occupational norusers (FafField)
Pre EC 2.88 0.168 1.65 0.0962
Post EC 90% 0.288 0.0168 0.165 0.0062
Post EC 98% 0.0575 0.00336 0.0329 0.00192

AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration.
Pre-EC: refers to modeling where no reduction due to engineering controls was assumed

PostEC: refers to modeling where engineering controls with a 8fiRdiency implemented or equipment substitution wigi8%
efficiency

2.1.7 Aerosol Degreasing

2.1.7.1 Process and Worker Activity Descriptions
Aerosol degreasing is a process that uses an aerosalaeent spray, typically applied from a
pressurized can, to remove residual contaminants from fabricated parts. The aerosol droplets
bead up on the fabricated part and then drip off, carrying away any contaminants and leaving
behind a clean surface.

Figure2-12 illustrates the typical process of using aerosol degreasing to clean components in
commercial settings. One example of a commercial setting aatiosol degreasing operations is

repair shops, where service items are cleaned to remove any contaminants that would otherwise
O2YLINRYAAS GKS &aSNIBAOS Ad0SYQa 2LISNIGA2Yyd® LydSN
removed from the service item, cleanedicathen reinstalled once dryU.S. EPA, 201%a

& 2 .- 5 b

e -#. Q‘;’: P ==

Figure2-12 Overview of Aerosotlegreasing
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2.1.7.2 Estimate of the Number of Workers Potentially Exposed
NAICS industry sectors relevant to aerosol degreaamiBLS occupation codes where workers
are potentially exposed to degreasing solveats detailed inAppendix FEPAOPPTassumed the
types of occupation with poterml solvent exposure are similar between vapor degreasing and
aerosol degreasing.

There are 222,940 establishments among the industry sectors preseni@bla2-13. The
EPAOPPTmarket report on 1BPestimated thatdl,000 to 5,000 businesses useBRbased
aerosol solvents in 20qR.S. EPA, 200)ascited in(U.S. EPA, 2013c®his translates to a
market penetration of approximately 0.4 percent to 2.2 percent. Based on these estimates,
approximately 2,466 to 12,329 workers and ocatipnal norrusers are potentially exposed to
1-BP as an aerosol degreasing solveris linclear whetherhie number of establishments using
1-BRbased aerosol solvents has increased since 2002.

Table2-13 Edimated Number of Workers Potentially Exposed teHP in Aerosol Degreasing

Exposed Expos_ed Esimated _ Occupational
Workers Occupational | Total Exposed Number of Workers per Site non-usersper
non-users Establishmens Site
Lowend
2,227 | 238 | 2,466 | 1,000 | 2 | 0.2
Highend
11,137 | 1192 | 12,329 | 5,000 | 2 | 0.2

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational nensers by the number of establishmenie number of workers per site is roundted
the nearest integerThe number of occupational neusers per site is shown as 0.2, as it rounds down to zero.

2.1.7.3 Assessment of Inhalation Exposure Based on Monitoring Data
Table2-14 summarizes $ir TWA PBZ monitoring data for aerosol degreasing obtained from
(Stewart, 1998and (Tech Spray, 2003TheStewart(1998 study measured -BP worker PBZ
during an aerosol spray can application on a test substrate considtegroall electric motor;
the scenario was intended to simulate workers performing typical repair and maintenance work.
The(Tech Spray, 2003tudy measured worker exposure in a test scenario that simulated
cleanirg of printed circuit boards for the repair of computers and electrical systems. Among the
two test studies, the 95th and 50th percentile worker exposures wer6é 8td 16.IJppm,
respectively.

The Tech Spray study tested an exposure scenario wherasgitosol degreasing occurred inside a
non-vented booth. Subsequently, the company tested the same scenario in a vented booth. With

a nonvented booth, worker exposure ranged from 13 to 32 ppimr & WA. With the vented

booth, worker exposure was reduced tdb6 ppm 8hr TWA based on a single data point. The

data suggest the significance of ventilation and its impact on worker exposure. The single data
LR2AYG F2N) 62N] SNJ SELJ2 &adzNB ¢ AT IS EARYAANS o 252415k
EC scenario .hE representativeness of this exposure level is unknown.
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Table2-14 Summary of Inhalation Exposure Monitoring Data for Aerosol Degreasing
Acute and Chronic, Noef€ancer Exposures

(8-Hour TWASs in ppm) Chronic, Cancer Exposures (ppm
AG.gp, shr Twa@NA ADG sp, ghr Twa LADG&p, anr Twa
Data
Category 95th Percentile 50th Percentile 95th Percentile | 50th Percentile | Points
Workers?

Pre EC 31.6 | 16.1 18.0 | 9.17 7
Data
Category What-if What-if Points

Post EC 5.50 3.14 1

SourceStewart(19998; Tech Spray2003), as cited inU.S. EPA, 200%b

Whatif: Represents a whaif inhalation exposure level based on a single data point.
aWorker includes operators, technicians, mechanés maintenance supervisor.

In addition to the data summarized above, the Tech Spray study included a test scenario that

measired shortterm worker exposure that simulated an automotive repair shop. In this test,

1-BP was sprayed continuously over arifute period. In reality, workers are only expected to

spray 1BP for a few minutes at a time; as such, the test was intenfled & A Y dzf | iD$ IS¢ a6 2 N
scenario with heavy-BP usage. The 4&in short term exposure for operators ranged from 190

to 1,100 ppm. Further, the IBinute short term exposure for a worker in an adjacent room

measured 11 ppm(Tech Spray, 2003as cited i(U.S. EPA, 2009bThe presence of-BP in the

adjacent room suggests the infiltration of contaminated air into other work areas.

2.1.7.4 Assessment of Inhalation Exposure Based on Modeling
A more detailed description of the modeling approach is providesbpendix JFigure2-13
illustrates the neaffield/far-field for the aerosol degreasing scenario. As the figure shog§ in
aerosolized droplets immediately volatilizes into the néald, resulting in worker gposures at a
concentration Gr The concentration is directly proportional to the amount of aerosol degreaser
applied by the worker, who is standing in the néatd-zone (i.e., the working zone). The volume
of this zone is denoted bynW The ventilatiorrate for the neasfield zone (QF determines how
quickly1-BPdissipates into the fafield (i.e., the facility space surrounding the ndiid),
resulting in occupationalon-userexposures to BP at a concentrations€ \i-rdenotes the
volume of thefar-field space into which the-BP dissipates out of the nefield. The ventilation
rate for the surroundings, denoted by-Rdetermines how quickly-BP dissipates out of the
surrounding space and into the outside air.

In this scenario, -BP vapors emr the nearfieldinnond 0 SI R& aodzNAGaxX¢é ¢ KSNB
in a sudden rise in the nedield concentration followed by a more gradual rise in the fieeld
concentration The neaffield and farfield concentrations then decay with time until timext

burst causes a new rise in nef@ld concentration. For the purpose of modeling, it is assumed

that a worker applies the aerosol degreaser once per hour with seven applications in an eight

hour work day. ER®PPTassumes a worker does not use the @sol degreaser during the first

hour of the day. ER®PPTassumes an application rate of 26.7 g degreasédnd a

characteristic throughput of 7.2 #fday, based on data for oven cleani(@olsteijn et al., 20141t

is uncertain whether this use rats representative of a typical aerosol degreasing facliity.
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~

addition, EPZOPPT 38 4 dzYSR (KS FIF OAfAG& 2LISNI G§S& Hcn RI8&:
Generic Scenario for Use of Vapor Degrea@aseloped by ER@001), which estimates

degreasers of all sizes operate 260 days per year@HNassumed aerosol degreasers operate

at the same frequency. Model parameters and assuons for aerosol degreasing are presented

in Appendix K

Far-Field
V.
. CFF
Near-Field
Volatile Source Vi
—> QFF T . N QFF —>
QNF —> # | —> QNF

Figure2-13 Schematic of theNearField/FarField Modéd for Aerosoldegreasing

EPA/OPPT performed a Monte Carlo simulation with one million iterations and the Latin
hypercube sampling method to model nefld and farfield exposure concentrations in the

aerosol degreasing pfeC scenariolable2-15 presents a statistical summary of the exposure
modeling resultsEstimates of Acute Concentration (AC), Average Daily Concentrations (ADC) and
Lifetime Aveage Daily Concentration (LADC) for use in assessing risk were made using the
approach and equations describedAppendix H

For workersthe pre-ECexposures ar.20ppm &hr TWA at the 50 percentile, and 6.8ppm
8-hr TWA at the 98 percentile.The model exposure levels are substantially lower than
monitoring data.For occupationahon-users the modelpre-ECexposures are 1.0@pm at the
50" percentile and 3.4ppm &hr TWA at the 98 percentile.

For the postEC scenario, engineering contodllocal exhaust ventilatio(LEV) is assumed to be
90 percent effective. Although worker and occupational fuser exposures are reduced by 90
percent, exposure level at the 95and 50" percentile are still be above the ACGIH TLV of 0.1

ppm.
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Table2-15 StatisticalSummary of 1BP8-hr TWA ExposureAC, ADC and LADIG) Aerosol Degreasing
Based on Modehg

Acute andChronic, NorRCancer Exposures
(8-Hour TWA in ppm) Chronic, Cancer Exposur§spm)
ACisp, snr Twa@Nd ADG Bp, ghr Twa LADGsgp, shr Twa
Category 95th Percentile ‘ 50th Percentile 95th Percentile 50th Percentile
Workers(NearField)

Pre EC 6.81 2.20 3.89 1.26

Post E@0% 0.681 0.220 0.389 0.126
Occupational nofusers (Fafield)

Pre EC 3.42 1.02 1.95 0.583

Post E@0% 0.342 0.102 0.195 0.0583

AC = Acute Quentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily ConcentréfuperiieeH
PreEC: refers to modeling where no reduction doeshgineering controls was assumed
PostEC: refers to modeling where engineering controls with a 90% efficiency were implemented

2.2 CONSUMEHREXPOSURES

Consumer exposures have been assessed for the us®&Bfifh consumer products:
1. Aerosol pray adhesivedr{cludngspray adhesives argprayaccelerant)
2. Aerosol spot removers
3. Aerosol cleaners and degreasers (includinginedegreaing, brakecleaning and
electronicscleaning scenarigs

2.2.1 Approach and Methodology
EPA/OPPT selected consumer products containiB§ lised agerosolspray adhesiveserosol
spotremovers, and aerosol cleaning and degreagiraglucts for further risk evaluation. The
decision to focus the assessment on these specific consumer proadwétsto consideration (1)
consumer use patterns, (2) information reported in Safety Data Sheets (SDS), and (3) potential
risk to consumers.

EPA/OPPT searched tNational Institutes of Healti\|H) Household Products Database, various
government and tradessociation sources for products containin@R, company websites for
SDSKirkOthmer Encyclopedia of Chemical Technglaggthe internetin general TheNIH
Household Products DatabaaadKirkOthmer Encyclopedia of Chemical Technotogyained

no relevant information on consner products containing-BP. Through the otheafore-
mentionedsearch means, EPA/OPPT identiegteral productsvhich contain iBPand are

availableto consumersTable2-16). There may be other consumer products containirigPbut

not all SDSs display a complete list of chemical ingredients such that some products may contain
1-BP but cannot be confirmed by ER#®PT The availability of productdistedin Table2-16,

ranging froml to 100weightpercent XBPraised sufficient concern to include these uses in this
risk assessmenfAdditionaluses angroducts(coin cleaing,refrigerantflush, and lubricant)

were not further evaluated as reliable information regarding ps&ctices such as mass of

product used, room of use, method of use, and frequency of use were not readily available. While
exposures from use of thegwoducts were not quantified, this does not imply that EPA/OPPT
believes the exposure to be insignificant
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Table2-16 Consumer Use Productontainingl-BP

% 1IBP
Use Compan Product Source
pany (Wt%)
Maple Leaf Sales Il | K-Grip 503 3560 (Z“C")i‘g'e Leaf Sales Il Inc,
ITW TACC STAPUT SP4H Canister 3560 | (ITW Inc., 201%
Aerosol Adhesive
Spray Chmcg Brand 751G 40-60 (Choice Brand Adhesives,
Adhesive Adhesives 2010
Blair Rubber Company ﬁlngR dzNF o 2y Ru -b 60-85 | (Blair Rubber Co., 2011
Satellite City* NCF Accelerator 98-99 ;%it;;mte City Instant Glues,
Albatross USA Everblum Gold Cleaning Fluig 20-30 | (Albatross USA Inc., 2015
EnviroTech DrySolv Spray Testing & >93 (Enviro Tech International,
Aerosol Spotter 2013
Spot PettyJohn's Solutions | Homerun Cleaning Fluid >96 (Pettyjohn's Solutions, 20)2
Remover T SPRAYON LIQEOL® Food
The Sherwiawilliams | & 2qe ULTREhw/ 9 % {| 100 | (Sherwinwilliams, 2013
Company?
Solvent & Degreaser
ITW Pro Brands LPS Instant Super Degreaser| 60-70 | (ITW Pro Brands, 2015
ITW Pro Brands LPS NoFlash Nu 60-70 | (ITW Pro Brands, 20}4
ZEP, Inc Power Solv 5000 60-100 | (ZEP, 201H
ACL, Inc Precision RinsHS 6575 | (ACL Inc., 2034
AErosol CRC Industries, Inc Super Degreaser/Cleaner 90-100 | (CRC Industries Inc., 2014
Cleaner CRC Industries, Inc Cable Clean RD 1-3 (CRC Industriesd., 2015
or MRO Solutions 525 Contact Cleaner 47-84 | (MRO Solutions, 20}5
Degreaser| Osborn Z;?j::;lgh Tech Electronic | 54 | (0shorn, 2015
ITW Chemtronic% ElectroWash NR 6575 | (ITW Chemtronics, 2008
ITW Chemtronic’ Kontact Restorer 6575 | (ITW Chemtronics, 20)2
EL 2846 NoiChlorinated Flash
Sprayon Free Electronic Solvent 96 (Sprayon Products, 20)4
Notes:
@ Technically, the NCF Accelerator is added to another spray adhesive to make it dry more quickly.
b Not currently made by the manufacturer, but available on the secondary market.

In the absence of available emissions and monitoring data for use of consumer products
containing bromopropane (3BP), a modeling approach was utilized to assess consumer
exposure Aerosol sprayadhesive spot remover and cleaner and degreasgarake cleaning,

engine degreasing and electronics cleansggnarios were selected for exposure modeling.

2.2.1.1 Exposure Routes
Readily available information on the toxicity profile gstuysicochemical properties ofBP
support inhalation as the primary route of exposure for human health concerns. Dermal
exposures are possible; however, limited toxicological data are available for this route of
exposure, and no toxicokinetic informatiamavailable to develop physiologicaltigsed
pharmacokinetic models or rout®-route extrapolations. Therefore, this assessmdaes not
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evaluate aggregate exposures amady underestimate total exposes resulting from the uses of
1-BPdue to this assurption.

Based on anticipated use patternsadrosolspray adhesiveserosol sporemovers and aerosol
spraycleaners and degreaselby consumergndnon-usersin residential settingsacute
exposures via the inhalation route were the primary scenariaatefest. EPA/OPPT assudhe
that consumer users would generally bwle or femaleadults (>16 and older, including women
of childbearing agg although exposures tadolescentr youngerindividuals may be possible.
Acute inhalation exposure to-BP for both user andon-userwere quantified using modeling
approaches as monitoring data was not readily available to estimate air concentrations.

2.2.1.2 Overview of the E-FAST-2/CEM Model
The Exposure and Fate Assessment Scrgermol Version Z(1t C ') Cohsumer Exposure
Module (CEM) was selected for the consumer exposure modekntpe mosappropriatemodel
to use due to the lack of available emissions and nuoimgy data for the iBPuses under
consideration. Moreover, EPA/OPPT did not have the input parameter data required to run more
complex indoor air models for the consumer products under the scopei®agsessmenCEM
dza Sa KA 3 K rafgtéds/assyngtiails tddendtat@ 2 y & SN (i A @ $BalatizhJLIS NIt 6 2
exposure estimates for @aesol spray products. The advantage<@&Mare thefollowing:
1. CEM modethas beer,JS SNITNBE A SgSR @
2. CEM acommodates the inputs available for the products contairdis®Pin the indoor
air model.
3. CBM uses the same calculation engine to compute indoor air concentrations from a
source as the MukChamber Concentration and Exposure Model (MCCEM), but does
not require measured emission values (e.g. chamber studies).

¢KS Y2RSf dzaSR | {(g2nil2yS NBLNBaSyillidAz2y 2F |
6 Y3k 1 3 mo BBPRI-users ardl fiorusers Zone 1 represents the area where the consumer
is usirg the product, whereas Zone 2 represents the remainder of the house. Zone 2 was used for
modeling passive exposure tmmn-users in the homébystanders), such as children, adults,
womenof child bearing ageand the elderly.
The general steps of the calatibn engine within the CEM model included:

1. Introduction of the chemical (i.e1-BB into the room of us€Zone 1)

2. Transfer of the chemical to the rest of the hougone 2ue to exchange of air

between the differentrooms,
3. Exchange of thdnouse air with outdoor air and,
4. Summationof the exposure doses as the modeled occupant moves about the house

The chemical of concern (i.4-BP entersthe room air through two pathways: (1) overspray of
the product and (2) evaporation from a thirimfi. One percent (1%) of the product was assumed
to becomeinstantly aerosolized (i.e. product overspray) and was available for inhalation.

The CEM model uselata from the evaporation of a chemical film to calculate the rate of the
massevaporating from tle application surface covered during product (8 1C DLA, 1981The
model assumegair exchangsfrom the room of use (Zone 1) and the rest of the houzmé 2)
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according to interzonal flow. The model also alk@air exchange from the house (Zone 1 & 2)
with the outdoor air.

EPA/OPPT used the default activity pattern in CEM based on the occupant being present in the
homefor most of the day. As the occupants mavaround the house in the model, their
exposure to thecalculated air concentrations were summedestimatel L2 G Sy GAF f Hn K

The potential inhalation acute dose rates (AE)Rare computed iteratively by calculating the
peakconcentrations foreac A Ydzt  § SR mnmaSO2y R AYyUSNBIt | yR (
24 hrs. Thesealculations @akeinto consideration the chemical emission rate over time, the

volume of the house anthe zone of use, the air exchange rate and interzonal airflow rate, the

expoS R A Y RA @A R dwdy vizihtstagdhhalafiof watasXiuring and after the product

use. Thereader NS F SNNB R &2 9 telh@d/wvenre!gdviseasceeénng A (
tools/e-fastexposureand-fate-assessmenscreeningtool-version2014) and Appendix lto

obtain additional information about the modehcluding the model documentation and

algorithms used.

2.2.1.3 Consumer Model Scenario and Input Parameters for Indoor
Exposure to Specific 1-BP Uses
Table2-17 describeghe acute inhalation indoor scenarios and populations of interest that
EPA/OPPT evaluated in the consumer exposure assessment. As indic@aeitbim2.2.1.],
EPA/OPPelieves that inhalation is the main exposure pathwiBgposurevia ngestion from the
use of theseconsumer products appears to be unlikelysed on the intended method of ugee.,
sprayapplicatior).

Table2-17 Consumer Model Scenarios and Populations of Interest

Acute Inhalation Indoor Population of Interest
Scenario ConsumerUser Non-User
AerosolSpray Adhesive Use Adult Consumers >16 yrs old Individuals of all ages
Aerosol Spot Remover Use Adult Consumers >16 yrs old Individuals of all ages

Aerosol Spray Cleaner and
Degreaser Usgngine
degreasing, brake cleaning,
electronics cleaning)

Adult Consumers >16 yrs old Individuals of all ages

To estimate exposures to these products, numerous input parameters are required to generate a
singleexposure estimate. These parametanslude the characteristics of the house, the behavior
of the consumer and the emission rate of the chemical into the room of use. In the absence of
measuredvalues for many of the needed inputs, tBert C ! { ¢ madeliry forl-BPused a
combination of uppef90d") percentile, mean, anchedian input parameters and assumptions in

the calculation of potentia¢éxposure forconsumerusersandnon-users. This approach produced

K A 3 K@@ geRrentile) and central tendency (8@ercentile)acute inhalation estimatethat
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are hypothetical. Thgeneralinput parameters and assumptions are summarigediable2-18
andthe input valuesspecificto each use scenari@e summarized andxplained more fully in
Appendix L

Table2-18 Product Use Input Parameters f@EM Modeling
All Consumer Use

Modeling Parameter Source and Description of Parameter &etion

Scenarios
Mole(cgljlga/)vaght 123 TheMerck Index2013); as showrin Tablel-1.
Vapczr pr;zssure 146.2 The Merck Index2013); asshown inTablel-1.
torr
Freqguency of use, acut 1 Assumed to occur no more than once per day for ac
(events/day) exposures.
Air exchange rateair Recommended 50th percentile value of residential a
exchanges per hour 0.45 exchange rate for all regions within the United Stateg
(ACH) Koontz(1999), based orEPA2011).
Selectiorbased on professional judgme(Ratrick
Overspray fraction 0.01 Kennedy, 199@scited inEFAST. It shoud be noted

that the CEM model is insensitive to tipiarameter.

o 9adAYFGSR dza Ay DTIC RBAYIFHOD &

Emission rate constant based on EFAST model documentation. This algorith
(hours?) 183.09 utilizes molecular weight and vapor pressure to

estimate emission rates.

General (hypothetical) assumptions used for CEM

1 modeling in absence of consumer product data fer 1

Bromopropane.

Volume of house where product is applieédean value

recommended for use as a centtahdencyfor all

492 single family homes, including mobile homes and

multifamily units.This US EPA recommended value v

taken from Exposure Factors Handbook (EE2Bi)1)

Exposure duration, acut
(days)

Whole house volume
(m?)

Consumer behavior pattern parameters in CEM include the mass of product used, the duration of
useand the frequency of usélthough te default values in CEM for these consumer behavior
parameters are set tbigh end valuesthey werenot used in this risk assessmeithe other
parameters (e.g. house volume) in CEM are set to mean or median wditeasedfrom the
literature. A combinatian of high end and mean or median valwess utilizedto producehigh

endacute inhalation exposure estimatgwhereas a combination of mean and median values was
used to produce central tendency acute inhalation exposure estimates

To determine the appropateness of the consumer behavior pattern parameters chosen in this
riskassessment, EPA/OPPT examined the consumer categories available in the(Y@&3)at
survey.Theauthors of theWestat(1987) survey contacted thousands of Americans to gather
information on consumer behaviqratterns related to product categories that may contain
halogenated solvents. The Wes{aB87) survey dataalignedreasonably welwvith the description
of the products that wee used in this consumesxposure assessmenihe datainformedthe
values thatE PA/OPPT used for the mafgproduct usedandthe time spent in the room ofise
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when considering all surveyed individuals whontiliied as users of spray adhesiyepot
removers, engine cleaners, brake cleaners or electronics cleaners

The input parameter fohouse volume astaken fromthe Exposure Factotdandbook(2017).
Theroom volumefor aerosol spray adhesives and aerosol spot remowess calculated as a

proxy utility room measuring 9 ft x 10 ftjith 8 ft ceilingqU.S. EPA, 201d he area of use most
frequently cited foraerosoldegreaserand cleanergused aengine degreasers and brake
cleaner$ was the outdoors. However, CEM does not have a module for outdoor use, therefore,
the modeling for these use scenarios designated the room of use (zone 1) as the §éndge.

this presents a ma conservative estimate, it should be noted that users surveyed in the Westat
(1987 report also reported use in the garagéhe EFAST model does not include a garage
volumein its default room parameterghus the median garage volume from a 2007 indoor air
quality study(Batterman et al., 2007f 15 homes in Michigan was used as a reasonable proxy
value. The room of use moequently cited in thg1987) Westat survey for electmaics cleaning
was the living room; therefore a room volume of 48 {d.S. EPA, 20)vas usedo estimate
exposure from this use

TKS dzaSNN&a o62Reé ¢gSAIKOG YR AYyKFEEFGA2Y NI OGS 6 SN
from the Exposure Factors Handbo(#011) for the simulations used in this assessment.

The air exchange rate in the room of ukees not take into consideratiompen windows or the

use of an exhaust faWwhile it is possible that some userayemploy these exposure reduction
techniques inside their homes, the goal of the consumer exposure assessment was to provide an
acute exposure estimate fatentilation conditions representing average household air exchange
rates. Moreover, residential usewould not necessarily have the type of indoor exposure

reduction tools/equipment (e.g., glovesxhaust ventilation) that workerare likelyto havein
occupational settings. Consumeraynot necessarily be as aware of potential chemical hazards

as wokers and would not have a standard operatprgcedure in place to assure that they use
exposure reduction techniques each time they use a product.

Ly GKA&a aasSaaySyid AdG 61 & | aaddzySR 1iBRimtie 4§ KSNB ¢
home before poduct use began. The outdoor air was also assumed to be fred8f meaning
that the airexchange rate described the intake of air withpre-existingl-BPcontamination.

The products were assumed to be sprayed on varying surfaces, where a thinthlenppbduct

was assumed to build up, evaporate, and contribute to the air concentration of the chemical in
the room. We relied on modeled emission rates because data from chamber studies were not
available. To generate emission rat@st C ! { ¢ used/e@pirical data from studies assessing
the emission rates of pure solven(®TIC DLA, 198D t C! { ¢ used/th® @hinn study as
surrogate data to calculate the rate of evaporation eBR from the surface to the air in the
home.

These solvent studies supported the use of an exponentially decaying emission ra8Rtmom
the applicationsurface based onapor pressure and molecular weig(@TIC DLA, 1981he
equations usinghe Chinn method are Appendix LThe spotemoverapplication should be well
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modeled by theChinn study since thgpot removerproduct was over 90%-BP. On the other

hand, the spray adhesive product may have more compasartd the interaction of these

chemicals could alter the evaporation rate 6BP. This introduces uncertainty into the

assessment, however EPA/OPPT could not find a better data set available to model the emission
rates. Within the current exposure ass¥sS y (10X G KS HnmKNJ SELI2adz2NB 41 &
on the emission rate due to the amount of time the product user spends in the room of use (see
Appendix lfor details).

2.2.1.4 Consumer Model Results
¢CKS WI SNerazf tFAYyGQ RSTFldzZ G aOS{CENNKIBeERBST KAY (K
modelwas chosen for conducting the modeling runs. This selection was the closest match to the
spray adhesive scenario among the default CEM exposure scenarianimmnmodeling
inputs required to run CENbr all consumer scenarios evaluated in this assesgraee provided
in Table2-18. Table2-18 also has a brief explanation of tlsurce of each parameter and the
justification for the parameter selectio®ther scenariespecific input parameters are provided in
Appendix LThe body weight and inhalation rates for adults (age group 21 to 78) and other age
groups are provided ithe appendices

CEM calculated air concentrations over the course of the simulation for the room of use and the

rest of the house4one 1 andZone 2).These concentrations were converted to acute dose rates

(ADRs) using the body weight and respiration rate for each age group. The varying weight and
respiration rates of the different age groups resulted in different doses; younger age groups had a
higherratio of inhalation rate to body mass creating a larger dose for a given air concentration of

a chemical. However, the same air concentrations were used to generate the doses for each age
ANRdzL) s AUGKAY GKS Y2 R Stédn@idoutput filed trf CEN diengt infudd A y S & ¢
the air concentrations for the different parts of the house, only the doses were included.

Table2-19 presensthe results of the conversiofrom potential acute dose rates (mghayv/day)

to indoor air concentrations (ppm) for the user and bystandeth both central tendency (30
percentile) and high end (90percentile) estimated exposurdsr the consumer usecenarios.
Calculationgletailing the conversion from acute dose rates to air concentrations are provided in a
supplemental Excel spreadsheet filéhe indoor air concentrations shown Table2-19 could be
applied b users of different age groupAlthough adults are generally the users of these

products, EPA/OPPT cannot rule out scenarios where teenaggasinger children may be users

or be in the same room with the usduring use of tle product

6 See attached documettitled & / 2 Y & dzZY SNJ 9ELI2 8dzNB / | £ Odzf  GA2Yy A DPEf AEE @
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Table2-19 Estimated 1-BP Air Concentrations (Time Averaged Over 1 Day) Based on Residential Indoor
Use of Spray Adhesives or Aerosol Removers

Consumer Use Scenario

Air Concentratior? (ppm)

Central Tendency
(50" percentile)

High End
(90" percentile)

Usef | Non-Usef Usef Non-Use®
Aerosol Spray Adhesive 0.5 0.1 6 2
Aerosol Spot Remover 2 0.7 23 6
Aerosol Spray Cleaners and Degreas
EngineDegreasing Use 16 6 54 20
BrakeCleaningJse 5 2 22 8
Electronics Cleaning Use 0.5 0.2 7 3

Notes:
a8 SeeAppendix Kor details about the model inputs and the method used to convert acute dose rates (Al
to air concentrations of -BP.
b Central tendency estimate based on using'p@rcentile values fouse patterns from Westat Survé{987).
SeeAppendix lfor additional details.

 High end estimate based on using"ggercentile values for use patterns from Westat Sur(@é987). See
Appendix Lfor additional details.
d Air concentrations for the user categories can be extended to different age groups, however, EPA/OP|
believes the users of these products to be adults.
€ All age categories (<1 yrs2lyrs;3-5 yrs; 610 yrs; 1115 yrs; 1620yrs; and >21 yrs)

Detailed CEM modeling results are providedppendix L

CEM has certain restrictions on the age that isias=sd for simulated users, which in turn sets

limits for the dose rates generated for different age groups. However, these restrictions should
not be interpreted as suggesting that younger users would not be exposed. EPA/OPPT believes
that the users of thes products are generally adults, but teenageryounger children may be
users omaybe inthe same room with the useSince there are not survey data for consumer
behavior patterns or a way to create varying behavior patterns for different age grtheps,

indoor air concentrations shown ifable2-19 could be extended to all users.

The model outputeportsthe peak concentration af-BP, howeverthis air concentration was not
used in the risk assessment. The peak concentration was the highest concentration among all of
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may only exist in the room of userfa short duration and was not considered a good indicator of
what the concentration ofl-BPwould be for longer time periods. Thus, we did not use the peak

concentration in the risk assessmesgi (i
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Lastly, a lsronic consumer exposure assessment was not performed because the frequency of
productused was considered to be too low to create chraposureconcerns. Although CEM
model results givein the supplemental information included chronic exposure estasathey
were not used in thiassessment.

2.2.1.5 Sensitivity of Model Parameters
In order to explore the dependencies of chemical concentrations in air on modeled parameters, a
sensitivity analysis was performed based on the nominal range sensitivity analyswdr(ferey
and Patil, 200@p ! 3Ay 3 GKAA FLILINRFOKXE | Wol aStayS aoSy!
scenario that consists of centr@ndencyvalues. For this sensitty analysis, we considered the
spray adhesive scenario for adults as the baseline scenario. This baseline scenario was based on a
consumerusing a spray adhesive product containing 85B#in a residential settingAfter
identifying the base case, theext step is to systematically vary the input parameters one at a
time and capture the subsequent model responses. For this sensitivity analysis, we chose the ADR
and acute air concentrations as the representative model outputs to observe model responses.

Methodology

The sensitivity analysis was carried out in a-tieoed approach. The Tier 1 model runs were
conducted in order to identify the key input parameters that the model was most sensitive to.
After having identified the key input parameters, thef2 runs were focused on a more detailed
analysis of the model responses to these key input parameters. Thus, the Tier 2 runs could be
O2YaAARSNBR (2 06S I Y2NBE WNBTFAYSRQ | LILINRZI OK
responses were analyze@b Ol f Odzf  GAy3 (KS &G4AyRSE 2F alSya
GAYRSE 2F &aSyarirgrieé Oy 06S RSTAYSR & (GKS
with respect to the baseline scenario output. Nine CEM input parameters were selected for the
sensitivity testing and the remaining were treated as static parameters.

Tier 1 analysis

For the Tier 1 analysis, a plausible range of values was established for each input parameter. This
range consisted of a low, medium (baseline scenario), and higk.vBhese plausible values and

the justification for the parameter selection for each input parameter are providégppendix K
Table_Apx-5.

The plausible inputs for each parameter were varied one at a time and the model responses (i.e.,
changes in the ADR and acute concentration values) were ntibedesults were first ranked by

their output differences using the maximum response value minus the minimum response value

2F (GKS LXIdzAaAofS NIQy3aS FyR (G(KSy o6& GKSANI AYRSE
calculated by dividing the percent chanigeADR by the percent change of the input values for

each parameter. The rankings from both were averaged for an overall rank for each parameter

tested. This exercise was repeated for the acute air concentration results.

The resuing ADRs (mg/kfpw) and &ute air concentrations (ppm) along with the rankings for
each of the tested parameters are providedAppendix KTable Apx-6 andTable_ Apx-7.
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The Tier 1 analysis indicated that the four most sensitive parameters affecting the ADR and the
acute air concentration were as follows:

Acute Dose Rate
1. mass of product used per use;
2. whole house volume;
3. air exchange rate; and
4. bodyweight.

Acute air concentration
1. mass of product used per use;
2. whole house volume;
3. air exchange rate; and
4. consumer product weight fraction.

The parameter most influential in determining the acute dose rate and acute air concentration is
the mass of product applied per us&€he emission rate is directly dependent upon the chemical
properties such as vapor pressure and becau#ls quite volatile, the mass of product used
subsequently strongly influences the air concentration and dose ratalse the modeled

scenario follows the user over a 24 hour period limiting the period of use to 0.5 hrs in the utility
room, the whole house volumes (the remaining 23.5 hours) plays a larger factor in influencing the
final acute dose ra and acute air carentration.As shown irAppendix Table_Apx-6 and
Table_Apx-7, the air exchange rate and product weight fraction can influence the contaminant
concentration but do not play as large a role in the final outcoifhe. abovementioned 5 iput
parameters were chosen for the Tier 2 analysis.

Tier 2 Analysis

For the Tier 2 analysis, all the parameters were adjusted by equal increments from the base
value. All of the baseline input values were adjusted1}®o and +10% to calculate sensitivity

near the baseline value and By0% and +50% to calculate sensitivity for values farther removed
from the baseline value. The baseline scenario was the same baseline scenario that was used for
the Tier 1 analysis with the exception of the consumer proawgight fraction. Due to a

limitation with this value (since the baseline consumer weight fraction was 85% and we could not
increase that by 50% as the model would only consider weight fractions that were less than
100%) the consumer product weight fractioms lowered from 85% t60% for the baseline
scenario.The inputs for the Tier 2 analysis are providedjpendix KTable Apx-8.

Similar to the protocol followed in the Tier 1 analysis, the input parameters weredvane at a

time and the model responses (ADR and acute concentration) were recorded. There were a total
of four variable runs for each parameter. The sensitivity was calculated near the base-1@%e (
and +10%) and farther removed from the base v468% and +50%) for each of the tested
parameters Appendix Krable_Apx-9 provides the calculated sensitivities for the parameters
affecting the ADR ant@lable_Apx-10 provides the calculated sensitivities for the parameter
affecting the acute air concentration.
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Results of the Tier 2 analysis indicate that the CEM model is most sensitive to chamg®s in

weight when using the ADR as the model outpice the air concentrations are consistent
depending on whether you are the user or bystandathen the acute concentration is used as

the model outputthe CEM model is most sensitivettee mass of product sed. It should be

noted that the sensitivity analysis was conducted using some hypothetical values that were based
soldy on mathematical interpolation. Although some of these values might not correspond to
actual product uses based aerosolspray adhesie, spot remover or degreasing/cleaning

scenari®, they lend themselves in the overall understimg of the model sensitivity.

3 HUMAN HEALTH FAZARDASSESSMENT

Figure3-1 depicts the process EPA/OPPT useckview and select studies usen the

1-BPrisk assessment. EPA/OPPT reviewed EPA assesghéntEPA, 200Ylthe primarypeer
reviewed literature and secondary sourd®sTP 2013 NTRCERHR, 20DRlentified through
August 20150 identify key endpointgSection3.2), meaning those that are relevant, sensitive
and found in multiple studies. (EPA/OPPT notes th&ERAntegrated Risk Information System
(IRIS) toxicological reviae/not currently availabléor 1-BP) Once key endpoints were identified,
EPA/OPPT collected all publicly available data to refine the hahardcteriation and caduct
doseresponse analyseand benchmark dose modeling

A comprehensive summary tabléhich includesll endpoints consideretbr this assessmerdan
be foundin Appendix OAdditional nformation on dataquality criteria usedor selecton of key
studies is provided iAppendix M All endpoints were evaluated for consistency, sensitivity and
humanrelevance. Based on this review, EPA/OPPT narrowed the dbthes 1-BP hazard
characterizatiorto liver toxicity, kidneytoxicity, reproductive developmentatoxicity,
neurotoxicity, and cancer (brief summaries are presented for each hazard endp&aettion
3.2). In addition, asummary of keystudies and endpointsarried forward in the risk assessment
can be found imrable3-1, including he no-observed or lowestobservedadverseeffect leves
(NOAEL and LOAH®r healthendpointsby targetorgan/systemthe correspondingpenchmark
dose lower confidence limit@MDL$, when availableandthe correspondindghuman equivalent
concentrations (HEG@nduncertainty factors (URs

Thesekey studies providethe doseresponse informatiomecessaryor selection of points of
departure(PODS) EPA defines a POD as theseresponse point that marks the beginning of a
low-dose extrapolation. This point can be the lower bound on the dose for an estimated
incidence, or a change in response level from a desponse model (e.g., benchmark dose or
BMD), a NOAElalug or alowestobservedadverseeffect level (LOAEL) for an observed
incidence, or a change the level(i.e., intensity)f a givenresponse. PODs were adjusted as
appropriate to conform to thespecificexposure scenariosvaluated

7 Apoint of departure(POD)s a doseresponse point that marks the beginning of a tdase extrapolation. This
point can be the lower bound on dose for an estimated incidence or a change in response level frormresgdorse
model (BMD), or a NOAEL or LOAEL for an observed incidecbange in level of respongd.S. EPA, 2002
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Thedoseresponse assessmeunsedfor selectionof PODdor cancer and noftancerendpoints
and the benchmark dose analysisedfor use in the risk characterization d@@undin Section

3.4. Development of the BP hazard and dogesponse assessments considered principles set
forth in various risk assessment gaitte and guidelinesssued by the National Research Council
and the U.S. EPRimited toxicological data are available by thel@mad dermakoutes. Because
physiologicdly based pharmacokinetic/pharmacodynamic (PBPKR&Jels that would facilitate
route-to-route extrapolationhave not been identified for-BP, onlystudies conducted vithe
inhalation route of exposure &re evaluated in this assessmerithere are no relevant kinetic or
metabolic informationfor 1-BP hat would faciliate development of dosimetric comparisondn
accordance witlEPAguidancethe exposure concentrationssed inanimal studies were adjusted
according tahe ratio ofthe blood:air partition coefficientswhere a default ratio of 1 is applied
whenthe partition coefficient for rats is greater than that humans(U.S. EPA, 2002994). For
HEC calculations, thesgposure concentrations were further adjusted from the exposure
durationsused in animal stdiesto durations deemedelevantfor human exposuracenarios

(e.g, 8-hours/day and Blays/weekfor occupational exposures

9t ! khtt ¢ O2 Géiddtinds HReveoprmeal Toxicity Risk Assessmehen making
the decision to use developmental toxicity studiesvaluaterisks that may be associated with
acute exposure to-BPduringoccupationalbr consumer use afpray adhesivedry cleaningr
degreasng products thatcontain EBP. hisdecisionis based on EPA poli@ndassumeghat a
single exposuréuringa critical window of fetal development may produce adverse
devdopmental effectqU.S. EPA, 1991

Several
noncancer
endpoints
ranging from
hematological
to body weight
changes and
cancer

Hazard

Identification
Review Existing
Assessments

Liver Toxicity
Kidney Toxicity
Reproductive

Evaluationfor
Consistency,
Sensitivity
and
Relevance

Toxicity
Developmental
Toxicity
Neurotoxicity
Cancer

y

Selected

PODs
BMDLs,
NOAELs

Dose-
Response
Analysis

Figure3-1 Hazard Identification and DosResponse Process

3.1 Toxicokinetics

Studies in humans and laboratory animals show th8f1may be absorbed followigal,
inhalation ordermalexposure however, gérmal and inhalation pathways are expected to be
more rele\ant for occupational exposurdBrasch et al., 203 Hanley et al., 20QNIOSH, 20Q7
Garner et al., 2006Jones and Walsh, 19¥9he extent of absorptionia the inhalation route
depends on the rate of transfer from pulmoracapillaries to blood.€., blood/air partition
coefficient), and the rate of metabolism various tissue compartments
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The blood:air partition coefficients calculated feBP in rats (11.7) and humans (7.08) indicate
that it is readily absorbe@Meulenberg andvijverberg, 200 Upon uptake, BP distribution via
the systemic circulation followthe individual tissue/blood partition coefficients for respective
tissue compartments. The fat:blogahrtition coefficient(calculated as the ratio dat:air and
blood:air partition coefficients¥or 1-BPin rats(20) and humans (1&uggests thait may

partition to fat (Meulenberg and Vijverberg, 20pMHgher partitioning to muscle, livema fat has
beenpredicted for 2BP in femalerersus male ratEECHA, 2012d

Metabolism studies in rats and mice have shown th&PL.can directly conjugate with

glutathione forming NacetytSpropyl cysteine, or be oxigied via cytochrome P450 enzymes
(primarily CYP2E1) to reactive metabolites that can be further oxidized and/or conjugated with
glutathione(Jones and Walsh, 197Barnsley et al., 19@Figure3-2). Guthathione conjugates
formed via he glutathioneStransferase catalyzed pathway are eventually excreted as
mercapturic acid derivatives in urine. Although both pathwaysam operative, the CYP2E1
pathway generally predominates iwer exposure concentration&arner et al., 2006

Further evidence for the specific contribution of CYP2E1B® Inetabolism is provéd by
studies with Cyp2e't knockout micgGarner et al., 200&vhich show the elimination halffe in
these animals to be more than twice that seen in wild type mice (3.2 vs. 1.3,hhespectively
following 1:BP inhalation exposur&he ratio ofglutathioneconjugation to Zhydroxylation
reactionsincreased Hold in Cyp2e?- versus wiletype mice.Earlier work from this laboratory
has shown that administratioof 1-aminobenzotriazoléa generakuicideinhibitor of P450
caused nearly complete elimination ofBP oxidative metabolispand a compensatory shift
toward GSH conjugation in ra{&arner et al., 2006

1-BP igapidlyeliminated from the body primarily via exhalation, with lesser amountsedgdrin
urine and feceg¢Garner and Yu, 20i&arner et al., 2008shidao et al., 2002In gas uptake

studies with male and female ratihe eliminationhalf-times calculatedfor 1-BPdecreased with
increasing air concentration(&arner and Yu, 20)4Terminal elimination halfimesin male and
female micefollowing :-BPinhalationexposure ak 800 ppm ranged from 0.5 t® hrs (Garner

and Yu, 2014Garner et al., 2006(Garner et al., 200dnvestigated the metabolism of-BP in

male F344 rats and B6C3F1 mice following inhalation or tail vein injection and determined that
the proportion of 2BP metabolized via CYP2E1 oxidation versus glutathione conjugation was
inversely proportional to dosm rats, but independent of dose in mice.

Occupational exposure studies has@nsistentlyidentified significant correlations betweenBP
concentrations in ambient air and the levels eBP or its metabolites in uringchihara et al.,
20048 Kawai et al., 2001 N-acetytS(n-propyl}L-cysteine (AcPrCys), produced via direct
glutathione conjugation of -BP, wa the primary urinary metabolite detected in exposed workers
(Hanley et al., 2012009 NIOSH, 20Q¥alentine et al., 200Hanley et al., 2006
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Figure3-2 Metabolism of 1-Bromopropanein Male F344 Rats and B6C3F1 MiEsllowing Inhalation
Exposure or Tail Vein Injection*

* Structures in brackets are proposed intermediates and were not isolated in urine.
CYP = cytochrome P450 monooxygenase; FMO =-flamtaining monooxygenease; GSilutathione
SourcesAdapted from(NTP, 2013Garner et al., 200Garner et al., 2006

Page85 of 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991047
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519112
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462

PEER REVIEW DRABD NOT QUOTE OR CITE

3.1.1 Biomarkers of Exposure
Several human and laboratory animal studies have investigated the utility of urinary biomarkers
of 1-BP exposuréMathias et al., 2012Hanley et al., 20Q9/alentine et al., 200Hanley et al.,
2006 B'Hymer and Cheever, 2008hihara et al., 20044&awai et al., 2001 Bromide ion and N
acetytS(n-Propyl}L-Cysteine (AcPrCys) have shown the most promise at occupatioal@iant
exposure concentrations.

1-BP is metabolized rapidly, via glutathione conjugation and cytochredtsORmediated

oxidation, producing many metabolites which are subsequently excreted in urine. Glutathione
conjugation leads to bromide ion release and formation of mercapturic acid derivaBveside
ion levels have been used as an internal biomarkdrBP exposureThey are slowly excreted
from the body; the elimination halife of bromide ions in blood generally ranges from 10.5 to
14 days(Mathias et al., 2012Hanley et al., 2006 N-acetytS(n-propyl)-L-cysteine (AcPrCys) is
the primary urinary metabolite found in-BP exposed workers (see below); it also is considered
to be a valid biomarker for-BP exposuréMathias et al., 2012/alentine et al., 2007

Both Kawai(2001) andIchihara(20049 haveshown a correlation between urinaryBP levels
and1-BP occupational exposure; however, the degree of correlation varied between studies.
Kawai et al(2001) reported a correlation coefficient of 0.9 forBP concentrations in air and
urine; the highest 1BP concentration in air was 27.8 ppgefmetric mean = 1.42 ppwichihara
et al. (20049 also reported a statistically significant correlation betweeBH. air concentrations
and urinary levels measured on the same day(©.39; p < 0.05). NIOSH has suggktitat
urinary 2BP levels may be a more suitable biomarker than urinary bromide concentrations;
however, to ensure accuracy, samples must be tested immediately after collection using gas
chromatographymass spectrometry, which may be unfeasible or cosehitive (NIOSH, 2003

Both urine and serum bromide ion levels have been used as biomarke/BREkposure in
workers.Toraasoret al.(2006) found a high correlation (p &.0001) between BBP exposure and
bromide ion concentrations in serun?4r0.7 to 0.8), and urine% 0.6 to 0.9) when evaluating
personal breathing zone samples fr@approximately 50 workeraVorkplace exposures ranged
from 02 to 270 ppm (TWA), and the correlation coefficient fdBR air levels and urinary

bromide levels was 0.&Jsing gas chromatography with electron capture detection to evaluate
samples taken frordapanese workers (n=33) followindP exposure during ant®ur shift of
cleaning and paintingKawai et al., 200Ireported a good correlation ¢ 0.5) between bromide
levels in urine and-BP levels in aihowever, control subjects exhibited high background levels
of urinary bromide, which were subsequently linki dietary exposur¢Zhang et al., 2001

Hanley et al(2006) measured urinary bromide levels to investigate the influence ofnon
occupational bromine exposure in 30 workers who used adhesives to make polyurethane foam
seat cushions. Personaldathing zone samples indicated a geometric mean exposure of 92 ppm
(range = 48200 ppm) for sprayers and 11 ppm for workers in other parts of the plant. The
composite (4&hour) urinary bromide concentrations for sprayers (n=12) ranged from 119 to
250mg/g creatinine and for nossprayers (n=17) ranged from 5.5 to 149 mg/g creatinine. The
composite bromide concentration in unexposed control subjects (n=7) ranged from 2.6 to
5.9mg/g creatinine. Daily bromide excretion was approximately four times greatespfaryers
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than nonsprayers. Based on these results, urinary bromide concentration appears to be a useful
index of 2BP exposure.

Given the confounding factors identifi€dawai et al., 2001 a search for biomarkers ofBP
exposure that are not influenced by dietary (or other rarcupational exposures) was initiated.
(Mathias et al., 2012Valentine et al., 200/andHanley et al(2009 demonstrated that the
mercapturic acid derivative, AcPrCys, could be used as a urinary biomarkBPoéXposure.

Both the availability of sensitive methods with an accejdbmit of detection (LOD) for this
metabolite, and its demonstrated persistence in urine suggest that it may serve as a reliable
biomarker of exposure. In addition;BP volatility and rapid elimination in exhaled breath
suggests that the measurement wfercapturic acid derivativaa urinemay be preferable to-1

BP measurements. Valentine et @007 sampled blood and urine from women in e8P
production facility in Chinéchihara et al., 2004bA significahincrease in AcPrCys adducts on
human globin was demonstrated using LC/MS/MS to evaluate samples taken frivBR26
exposed workers and 32 nexposed controls. Worker exposures ranged from 0.34 ppm to
49.2ppm, and urinary AcPrCys levels analyzed us@/S, increased with increasingBP
exposure (n=47Hanley et al(2009 used the same group of workers who applied spray
adhesives to foam cushions as described above, to determine the utility of AcPrCys as a
biomarker for 1BP exposure. Higher levels of urin&gPrCys were observed in sprayers than
non-sprayers (geometric mean was approximately four times higher in sprayers). AcPrCys and
bromide levels were highly correlated (p < 0.0001) in the same urine samples, and both showed
statistically significant Spedrr y Q&4 O2 NNBf I G A 2 y-BEORNAEXPdsDA Sy 1a ol &
concentrationsMathias et al(2012) evaluated the same cohort of workers, reporting the results
of Hanley et al(2009 and 3bromopropionic acid (BPA), which was evaluated for its potential

to induce mutagenic effects and tumor formation in toxicological studies. When urine samples
were analyzedor 3-BPA, it was not detected in 50 samples (LOD =|@y0tL). The results of
these analyses support the use of AcPrCys as a reliable biomarkeBRodcupational

exposures.

3.1.2 Possible Mode of Action for 1 -BP Toxicity
Various chemicals known to produneuropathies in humans can be classified as hard or soft
electrophiles according to the Hard and Soft Acid Base thggrson, 1990Based on this
classifiation scheme, BPis expected tanduce adduct formation in vivo.

The primary metabolic pathwayidentified for 2BP involveeytochrome P450 mediated oxidation
(CYP2EL1) and glutathione conjugation reactions which can produce numerous reactive
intermediates (seeFigure3-3). Over 20 metabolites have been identified in rodent studies,
including the four metabolites detected in urine sampiakenfrom workers exposedad 1-BP
(Hanley et al., 2009 The mode of action fol-BPtoxicity likely relatesto the ability of these
metabolites to react with critical cysteine, histidine and lysine amino acid residues which may
ultimately impact the structural and functional integrity of the delbpachin et al., 2009

Variousreactive metabolitege.g.,glycidok -bfomohydrin,bromoacetoneland pdential targets
for cellular binding interactions (e.g., DNA, mitochondria) have been identdiedBP(NTP,
2013. Somel-BP metabolitesnay exhibit alkylating activitfor example, @irther metabolism of
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bromoacetone in ananner analogous to acehe (Casazzatel., 1984, would result in formation
of 1-hydroxy1-bromoacetone, which yields pyruvate and £C&@ 3-bromo-1-hydroxypropanone
(BOP). BOP has been shown to inhibit sperm energetics and maotility via its conversion to
bromolactaldehyde and bromopyruwdghyde, ultimately yielding-Bromopyruvate(Garner et
al., 2007 Porter and Jones, 19%5

3-Bromopyruvate §-BP has been shown tproduce many untoward effects, incuditmvered

cell viability via productionf reactive oxygen speci€®in et al., 201Pmitochondrial
depolarization(Macchioni et al., 201)land activation of mochondrialapoptosis(Ko et al., 200%

It is a strongalkylating agent, and a known inhibitor of numerous enzymes, including glutamate
decarboxylas€Fonda, 197§ glutamate dehydrogenas@aker and Rabin, 195%e

mitochondrial pyruvate transportefThomas and Halestrap, 1984nd the pyruvate
dehydrogenase complepfel et al., 1984Lowe and Perham, 19848-BP indiced alkylation and
inhibition of glyceraldehyd@&-phosphate dehydrogenase can impair energy production via
glycolysigDa Silva et al., 200%anapathyKanniappan et al2009 and induce apoptosis or
necrosisas a result oATP depletiomue toimpaired mitochondrial functioriKim et al., 2008

Theprecisemechanism of action of-BPtoxicity is not clearly understogdout likely relates to
structural or functional modification of key signaling proteins as a reswélitdlar binding
interactionsinduced by 1BP or its metabolitesMore research is needed to identgpecific
molecula targets and precursoevents(e.g., orgarspecific DNA addudbrmation, oxidative
stressresponse¥that precede toxicity Since IBP can inducadverse effectsn multiple organs
actingdirectly as a alkylating agentor indirectly viaformation ofreactivemetaboltes, different
mechanisns maybe operative irdifferent target organs. At least four possible mechani¢eng.,
genotoxicity, oxidative stress, immunosuppression, and cell proliferptiave beerproposed

(NTP, 2018

Several pathological conditions (e.g., alcoholisrabéies) as well achronic drug administration

can induce CYP2EL1 activity, and numerous cellular targets exisB®mietabolites generated

via CYP2E1 mediated oxidative metabolism. Interindividual variability in the expression and
functional capacity bCYP2E1 has been obser{Beafsey et al., 200%nd genetic

polymorphisms irCYRElexpressiorhave been linked to altered disease susceptib(lisafalis et

al., 2010. Though inconsistencies exist in the available data, it is suggested that chronic exposure
to CYREL inducers sicas ethanond othersolvents as well as pharmaceuticals such as
isoniazidmay increase the probability of developing malignancy, especially for carriers of certain
CYREL1 alleleg¢Trafalis et al., 2070
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3.1.3 PBPKModels

A PBPK model forBP in rats was developed $arner et al., 2016 The model simulates-BP
exposures via inhalatiowherein dstribution of 2BP to tissues is assumed to be flomited.
Metabolism of 1BP was simulated with Michaelidenten kinetics for oxidative metabolism by
cytochrome P450 and first order kinetics for GSH conjugatiarameters were fit to the time
course data of chamber concentratiofts 1-BPused inrat inhalation studies. Additional

metabolic parameters were fit to time course data of chamber concentrationsBR for rat
inhalation studies when female rats were pretreated with either the cytochrome P450 inhibitor 1
aminobenzotriazole (ABT) or the GSMHtlesis inhibitor D buthionine (S,R3¥ulfoximine (BSO).
These results show the relative contributions of oxidative metabolism via cytochrome P450 and
conjugation with GSH in female rats. Confidence in the PBPK model predictior3Ror 1
concentrationsn blood and tissues are limited by the lack of comparison of model predictions
with measured data. The PBPK model was further extended to simulate human exposures by
scaling the physiological parameters to humans, assuming the partition coefficienteasartie

in rats and humans and scaling metabolic parameters byB®toss species and route to route
extrapolations with theGarner et al(2015 model are precluded by the lack of data to inform a
model of a species other than rat and a route other than inhalation.

3.2 Hazard Summary and Hazard Identification

Thissectionsummarizeshe availablecancerandy 2 y 1 Ohlazaiffddtationfor 1-BR. A

comprehensive summary tabiehich includesll endpoints considered for this assessment is

locatedin Appendix OEPA/OPPT reviewed the available data and narrowed the focus of this
assessment tgixadversehealth effectdomairs: (1) liver toxicity, (2) kidneytoxicity, (3)

reproductivetoxicity, (@) developmentatoxicity, (5) neurotoxicity,and (6) cecinogenicity For

y 2 y 1 Oéngp@irsiNénphasiswas placedon acute/short term inhalationandNB LIS § SRTR2 & S
inhalation studiesidentified asmostappropriatefor hazard characterization arfi®l2 8 STNB a Ll2 y 4 S
analysis

3.2.1 Non-Cancer Hazard Identification

3.2.1.1 Toxicity Following Acute Exposure
In animals, deaths from acute inhalation exposure #8FA occurred only at high exposure
concentrationsLGo values in rats ranged from 7,000 to 14,374 ppm férodr inhalation
exposure (EIf Atdeem, 1997 (Kim et al., 1999aDeaths were associated widm acute
inflammatory response and alveolar edeifidf Atochem S.A., 1997Similarly, for oral
exposure, the L& was >2,000 mg/k¢EIlf Atochem S.A., 199B&No informationon 1-BP toxicity
following acute exposure in humans was located.

3.2.1.2 Liver Toxicity
Data from animaktudiessuggesthe liveris a target forl-BP. Reportedeffects includdiver
histopatholog (e.g.,hepatocellular vacuolation, swelling, degeneration and necrosis), increased
liver weight, and clinical chemistry changedicative of hepatotoxicity\WWang et al., 2012NTP,
2017 Liu et al., 2009 ee et al., 2007Yamada et al., 2003VIL Research, 200Kim et al., 1999a
Kim etal., 1999k ClinTrials, 19974dp). Hepatic endpointselectedfor doseresponse analysis
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includedatasets forhistopathology (e.g.hepatocellular vacuolatiorfrom subchronicuration
inhalation studiesn rats(WIL Research, 200ClinTrials, 1997 d).

Hepatdoxicity was not directly evaluated in aoy the humanstudiesidentified in the literature
however, me study evaluateé liver function indirectly in a cohort of 86 Chinese workers exposed
to 1-BP (median exposure levels up to@@pm) for an average of approximately 40 monghset
al., 2010b andno statisticallysignificant clinicathemistry changes indicative of liver damage
were observed.

3.2.1.3 Kidney Toxicity
Laboratory aimal studieshaveprovided evidenceof renaltoxicity following 1-BPexposure
Reportedkidneyeffects include increased organ weight, histopath@@aelvic mineralization,
tubular casts) and associated clinical chemistry changes ifegeasedlood urea nitrogeh
(NTP, 2012Yamada et al., 2008VIL Research, 200Kim et al., 1999ClinTrials, 1997 &).
Renal endpmts selected for doseesponse analysiwere for increased incidence of pelvic
mineralization in male and female rats from a subchrahicationinhalation studyby (Yamada et
al., 2003 WIL Research, 2001

No studies thatirectly evaluatedl-BP induced renal effects humarswere identified in the
published literature however,no signifiant clinicalchemistry changes indicative of kidney
damagewere observed in a cohort &6 Chinese workers exposed teBP (median exposure
levels up to 22.58 ppm) f@an average ohpproximately 40nonths(Li et al., 2010por in 45
workers exposed to a geometric mean concentratio®bP ppm foran average 029 months

(NIOSH, 2003

3.2.1.4 Immunotoxicity
There is limited evidence for immune effects eBP in animal studie§woindependentstudies
of immune functionshowedthat 1-BP can suppress immune responsesodents(Anderson et
al., 2013 Lee et al., 2007 (Anderson et al., 20)Geported adecreasedgM plaqueforming
response to immunization withheep red blood cellRBQ in splenocytes harvested from
female rats and mice following subchrombalation exposure to-BP (NOAEL = 500 ppm in rats;
LOAEL [no NOAEL identified] = 125 ppm in mis=pciated effects in both species included
decreases in T cells and increases in natural killer cells in the spteeneffectsreportedin
miceinclude reduced splenic cellularity and decreased absolute spleen weigke et al., 2007
alsoreported adecreased antibody response to SRBC and reduced splenic cellularity in female
mice after a single oral dose ofBP (LOAEbh¢$ NOAEL identified] = 200 mg/kigjvestigation of
immune endpoints in other studigmited to organ weights and histopathology of spleen,
thymus, and other lymphoreticular tissueshowedno effects at concentrationas high as
1000ppm in rats and 50Ppm in micefollowing subchronic inhalation exposurand 500 ppm in
rats and 250 ppm in midellowing chronic inhalation exposur@NTP, 2011Yamada et al., 2003
WIL Research, 200Ichihara et al., 2000&im et al., 19994ClinTrials, 1997d). No information
regardingl-BPimmunotoxicity in humansvas located
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3.2.1.5 Reproductive Toxicity
Animal studiessuggest that the reproductive systeisia target of concern for-BPexposure A
two-generation reproduction study in rats reportedlverseeffects on male and female
reproductive parametergWIL Research, 200The majority of these & ctsexhibited adose
response beginning at 250 ppm, with statistical significastzservedat 500 ppm Further cetails
on each of these endpoints can be foundAppendix O

Significant increasesihnKS Yy dzYo SNJ 2F WTF2NXSND 2 Nde.Wdzy | OO02 dzy G
difference between the total number of implantation sites counted and the number of pups born

were reported by(WIL Research, 20DIEPA/OPPT considers this finding to be indicative of post
implantation loss (premplantation loss culd notbe determined because of a lack of data on the

number of primordial fdicles at 100, 250 and 500 ppnipfemalesexperienceda 48%reduction

in fertility at 500 ppm and complete infertility at 750 pp@ther dfects reported inthis study
includedose-related decreases inmating indicesincreasel estrous cycle length, aral significant

trend of increasing numbers &b females with evidence of mating without deliveiyy Cochran

Armitage trend test conducted by EPA calculatgehvalue <0.0001)

Statistically significant changes in reproductive endpdim& males includelecreased absolute
prostate and epididymal weights at exposupe®50 and 500 ppm respectively, as well as
decreasedsperm motility and decreasé mating (500 ppm) andfertility indices(750 ppm)WIL
Research, 2001The findingglescribed abovare supported byimilar reports of reproductive
toxicity from independentlaboratorystudieswith rats and miceincludng spermatogeniceffects
(decreased sperm count, altered sperm morphology and decreased sperm motility) and organ
weightchanges in male@@ecreasecdepididymis prostateand seminal vesicle weightss well as
estrous cycle alterations and decreased nunmbefrantral follicles ifemales(NTP, 2011Qin et

al., 201QLiu et al., 2009Yu et al., 2008anu et al., 2007Yamada et al., 2003VIL Research,
200%; Ichiham et al., 2000h

3.2.1.6 Developmental Toxicity
The cevelopmentaleffectsof 1-BPexposurehave been evaluated on the basis of atdard
prenatal developmental toxicity studiesp@a two-generation reproductie toxicity study inrats
exposed vidhe inhalation route Evidence forl-BP inducedlevelopmental toxicityncludedose
relatedadverse effects ofive litter size(WIL Research, 20Q)Jpostnatalsurvival(Furuhashi et al.,
2006), pup body weightbrain weightand skéetal development(Huntingdon Life Sciences, 1999
(HuntingdonLife Sciences, 200X WIL Research, 200Further informationon these endpoints
can be found iMppendix ONo data were located othe developmental effectef 1-BPexposure
in humans.

3.2.1.7 Neurotoxicity
Data from studies in humans and animals demonstrate that the nervous system is a sensitive
targetof 1-BP exposure. Both the central and peripheral nervous systems are affected. In animal
inhalation studies, the degree or severity of neurotoxicity produced-ByXdepends on the
concentration as well as duration of exposure, with lower concentrati@sgeffective at longer
SELR&dz2NB&P azald AYKFEEFIGAZ2Y &d0§dzRASE dzaAaAAy3a 02y 08
progressing to severely altered gait, hindlimb weakness to loss of hindlimb control, convulsions,
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and death (e.g(Banu et al. 2007 Ishidao et al., 2002ru et al., 2001Fueta et al., 200Adchihara

et al., 2000a0hnishi et al., 199%linTrials, 1997d). Concentrations of 460000 ppm produced
neuropathological changes including peripheral nerveathegation, myelin sheath abnormalities,
and spinal cord axonal swellifig/ang et al., 2002yu et al., 2001ichihara et al., 2000aBrain
pathology has also been reported in several studies, including white and gray matter
vacuolization, degeneration of Purkinje cells in the cerebellum and decreased noradrenergic but
not serotonergic axonal density in frontal cortex and amyigdall & SE LI & dzZNB & xn nn
(Mohideen et al., 201 3Mohideen et al., 201; Ohnishi et al., 199%|inTrials, 19974dp).

Decreased brain weight has been reported in adult and developmental st(@liksamanian et

al., 2012 Wanq et al., 2003VIL Research, 200thihara et al., 2000&im et al., 1999a

ClinTrials, 1997bln a twogeneration stugt (WIL Research, 20)the NOAEL for decreased brain
weight in k-generation males was 100 ppm (BMD modeling did not produce an acceptable fit);
this value is broughtorward for risk assessment representing neuropathological changes.

PhysiologicabehavioraJ and biochemicaheasures have been used to characterize and develop
doseresponse data for neurological effects. Motor nerve conduction velocity and latency
measured in the rat tail nerve were altered@2 y O S y' (i BAO fipin vighprogressive

changes from 4 to 12 weslof exposuréYu et al., 2001chihara et al., 2000aln the brain,
electrophysiological changes lnmppocampal slices were seen at concentrations of 400 ppm and
above(Fueta et al., 2002d&ueta et al., 2002lFueta et al., 2000 Fueta,2004 1717472 Fueta,

2007, 1519111 Ueno, 2007 1717460} Behavioratests such akindlimbgrip strength, landing

foot splay, traction(hang)time, gaitassessmentmotor activity, and water maze performance
provide doseresponsedata andtend to be more sensitivehan neuropathology or physiological
changes, with effectat concentrations as low &-200ppm (Banu et al., 200/Honma et al.,

2003 Ichihara et al., 2000aExposures to concentrat2 Y5 ppw produce changes in
neurotransmitters, biomarkers, and proteome expressions suggesting alterations in the function
and maintenance of neural and astrocytic cell populati@ihsang et al., 2015Vohideen et al.,

2013 Zhang et al., 20t3Huang et al., 203Subramanian et al., 20iRluang et al., 2011

Mohideen et al., 2009Suda et al., 200% oshida et al., 20Q0¥Vang et al., 2003Vang et al.,

2002). Although less extensively testediabor subcutaneouslosing of 1BP reslted in similar

L

findingsasfond KI £ | G A2y SELJR & dzNB = -dayXQuiet & RF1S70ongiet dl.,i X H 17

2013 Wang et al., 201.2ZZhao et al., 1999 Neurologicaéndpoints selected for doseesponse
analysis were datasets fdecreased time hanging from a suspended {action time)in rats in
a 3-week inhalation studyHonma et al., 2003anddecreased hind limb grip strength rats in a
12 -week inhalation studyichihara et al., 2000aThese functional measures are relevant to
peripheral neurotoxicity reported in human studies.

Human studiegcasecontrol studies, industrial surveys, and case repoctayoboratethat the
nervous system is sensitivetarget of 2BP exposure in humanGlinical signs of neurotoxicity
(including headache, dizziness, weakness, numbindssver extremities ataxia,paresthesas

and changes in moo@&nd motor and sensory impairmenisere noted in the caseeports of
workersoccupationallyexposedo 1-BP for2 weeks to3 yearsat estimated concentrations
exceedingaverages o100 ppm (Samukawa et al., 201 ®Majersik et al., 200/Raymond and Ford,
2007 Ichihara et al., 20025clar, 1999 and in industrial surveys withverageexposuregyreater
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than 81ppm (ranging fron2 weekgo 9years)(NIOSH, 20020023 b). Crosssectional studiesf
Chinese workereeportedincreased distal latencggnd decreased sural nerve conduction velocity
in workers, although they were not statistically significeédtiatistically significantetreased
vibrationsense in toesvas observed across all exposure groups (A0G.4 ppm) compared to
controls(Li et al., 20104Li et al., 2010plchihara et al., 2004dbHowever, there were many
methodological limitationgn these studieswhich are discussed in depthAppendix O

3.2.2 Cancer Hazard Identification

3.2.2.1 Genetic Toxicity o
There is some evidence for mutageity and DNA damage associated with exposure-BPlin
vitro, but the results are not cotgsive as to whether and to what extent such effects may occur
in mammals in vivo.-BP was mutagenic with or withouatetabolic activatiorin an assay for
reverse mutation irBalmonella typhimuriumonducted under closed conditions to control for
loss of test material due to volatilizatigBarber et al., 1981 Other tests for mutagenicity in
bacterna were negativebut may not have been conducted in closed systéeng,(NTP, 2011Kim
et al., 1998. In mammalian cells tested in vitnmcreasedmutation frequency was observed in
mouse lymphoma cells exposed teBP with or without activatioElf Atochem S.A., 199%and
DNA damage was significantly increased in human leukotgites/ingin vitro exposure to BP
(Toraason et al., 2006Tests conducted in vivdhowever,were nostly negative including assays
for dominant lethal mutatios and nicronucleiinduction in rats and mic&im et al., 1998 (Elf
Atochem S.A., 1995(NTP, 2011Yu et &, 2008 SaiteSuzuki et al., 19§2An evaluation of the
leukocytes of workers exposed teBP showed no definitive evidence of DNA damage (i.e.
damage was not significantly higher in workers exposed to the highest leveBR{dprayers]
compared to those exposed to the lowest levels @8R [norsprayers])Toraason et al., 2006

Positive results have been observed in several genotoxicity tests using known or postulated
metabolites of 3BP (including glycidol, propylene oxitiehromohydrin, 3bromo-1-propanol,
and Xbromo-2-propanol)(NTR 2014 IARC, 2000.994).

3.2.2.2  Carcinogenicity
Evidence from chronic cancer bioassays in rats and mice suggestsBRathy pose a
carcinogenic hazard to huens. $nificant increases in the incidencessiin tumors
(keratoacanthoma/squamous cell carcinomas) in male F344 rats, rare large intestine adenomas in
female F344 rats, and alveolar/bronchiolar adenoraasarcinomas (combined) in female
B6C3F1 miceere observed following exposute 1-BP via inhalatiofor 2 yeargNTP, 201}
NTP concluded these data showed some evidence for carcinogenicity in male rats, clear evidence
for carcinogenicity in female rats, mwidence for carcinogenicity in male mice, and clear
evidence for carcinogenicity in female mi&¥o other animaldata, and no human datayere
located on the carcinogenicity ofBP

1-BP has been shown to be a mutirget carcinogen in rats and micehe exact mechanism/
mode of action of IBP carcinogenesis is not clearly understood. There are, however, an
abundance of data that may provide a basis for weight of evidence consideration.
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a. Ames test: Mixed results in the Ames test were reported mumber of 2BP studies. Some of
these studies were probably complicated by the high volatility-BPlandack of use of
closed systems anthierefore should be invalidated. Among studies done in desiccator or
closed systemdyoth positive and negative seilts have been reported.

b. Genotoxicity tests of mammalian cellsBP caused mutations in cultured mammalian cells
with or without metabolic activation and DNA damage in cultured human cells without
metabolic activation. There was also limited evidenE®NA damage in leukocytes irBR
exposed workers. Two in vivo mionacleus assays in bone marrow and circulating
erythrocytes were negativehowever, it should be mentioned that in vitro micronucleus
assay$averecently beersuggested to be prone to \ding false negativege.g.,(Benigniet
al., 2012.

c. Metabolic activation to mutagenic intermediates: Rodent metabolic studies have indicated
that 1-BP can be activated by CYP2E1 to at least five mutagenic intermegiNates2014
IARC, 200a.994), including two clearly mutagenic and carcinogenic chemicals, glycidol and
propylene oxide, which are listed in R'Report on Carcinogens as reasonably anticipated to
be human carcinogensy the NTRNTP, 2018 Glycidol has been shown to induce tumors in
intestines, one of the carcinogenic targets eBP. There is evidence that humans have
CYP2EL1 activity in lung and similar metabolic pathwaysBR as rodents.

d. Evidence for nilti-species and multiplicity of cancer targets eBPexists In general,
chemical carcinogens that induce cancer in more than one animal species and in multiple
targets tend to act via mutagenic mechanism/mode of actibBP has been showin induce
a variety of tumors in both rats and mice.

e. StructureActivity Relationship (SAR) consideration: SAR has been routinely used as one of the
ONRGSNAI T2 N OcuddineRiSrIChrdinbe@yRisk Assedstrigminihe SAR
point of view, 1BP is a low M.W. alkyl bromide that is generally known to be a goolhitky
agent. In fact, BP has been shown to bind BNA in vitro. Bromoethane and
1-bromobutane, two of the closest analogs 6BP, were both reported to give positive
results in the Ames test when tested in closed systems.

f. Other possible mechanism oft#on: Besides mutagenicity/genotoxicity, at least three other
possible mechanismgoxidative stress, immunosuppression, and cell proliferatitvave
been suggested by the NTIRTP, 2018 These mechanisms can act synergistically to
complete the multistage process of carcinogenesishaligh more research (e.g., organ
specific in vivo DNA adduct studies) is needed to ascertain mutagenicity as the key molecular
event, there is no evidence that the other three mechanisms may play a more important role
than mutagenicity.

C2ft f 2 g AGLHelired for Qatcinogen Risk Assessimarerall, the totality of the available
data/information and the weight of evidence support a justif@ablasis to conclude a probable
mutagenic mode of action for-BP carcinogenesis=.1t Yl & 0SS O2 VikelytBBeNS R { 2
Carcinogenic in HumanGiven the lack of information to inform a specific d@esponse curve a

linear extrapolation from the poindf departure is recommended as the default risk assessment
modelper9 t ! idelines for Carcinogen Risk Assessment
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3.3 Weight of Evidence/Multiple Lines of Evidence Supporting
Critical Effects

3.3.1 Weight -of-Evidence for Reproductive and Developmental Toxicity
Reproductive and developmental toxicityere identified as criticatargetsfor 1-BPexposure
based on a constellation of effeatsported in a number of studies, includiagwo-generation
reproduction study byWIL Research, 20Q)vhichshowedadverse effecton male and female
reproductiveparameters as well as the developing fetuSome of these endpoints were
considered sufficient to include as PODs (see Se8t@nwhile others were used as glitative
supportive evidenceAdditional cetails o the results of this studgan be found irAppendix O

Quantitative and qualitative evidence @fBP inducedeproductive toxicity ifp males include
decreases in sperm motility, changes in normal sperm morphology, decreasesimg and
fertility indices(WIL Research, 200 nddecreases in epididymglrostate, and seminal vesicle
weightsfollowing 1:BP inhalation exposur@&TP, 2011WIL Research, 200Ichihara et al.,
2000Db. Bvidence of reproductive toxicity iR females includelecreasechumbers of corpora
lutea, antral folliclesandimplantation sitegNTP, 201;lYamada et al., 20Q03VIL Research,
2001). Other reportedreproductive effectsncludeincreased estrous cycle length, and a
significant trend of incrasing numbers ofofemales with evidence of mating without delivery
(WIL Research, 200 Reportedimpairments inmale and female reproductivieinctionresulted
in a48%reduction infertility at 500 ppm and complete infertility at 750 ppimF mating pairs
(WIL Research, 20nJAlthoughthe adverseeproductive effect®f 1-BP exposuréave not been
directly evaluatedn humans, the results from laboratory animal studies suggestithmaay
impairreproductive functon.

Evidence supportintetal development as aensitivetarget of 2BP exposure igrovidedby a
numberof laboratory animaktudies.Thecurrentdatabase consists afevelopmental toxicity
studiesthat show severe effects resulting froprenatal exposures during gestation and postnatal
exposurestudiesshowing adverse developmental effettat manifest atvarious stages of
development and span multiple generatior(8VIL Research, 200 Dverall the general
consistency ofindings indicative of impaired developmerported inmultiple studies from
independent laboratoriess taken as evidence @f causativeassociation between-BP exposure
and developmental toxicityReportedadversedevelopmentakffects following 1BP exposure
include doserelateddecreases ifive litter size(WIL Research, 20))Jpostnatal survival
(Furuhashi et al., 2006and pup body weight, braimveight and skeletal development
(Huntingdon Life Sciences, 199®Huntingdon Life Sciences, 200VIL Research, 20RIWIL
Research, 20QAlso reporteddecreases ithe number ofimplantation sites and increases in
Wnaccountedlmplants for corresponding ovulatory eventsported as the difference between
the total number of implantation sitesountedand the number of pups born. EPA/OPPT
interpreted thisfindingas an indicabn of postimplantation losqpre-implantation loss could not
be determined due tonsufficient data orthe numberof primordial follicles)Additional
qualitative evidencef impaired developmentollowing 1-BP exposuresiprovided by results
from dominant letal assays with-BP which showncreasedmplantation loss in rats (only at
week 8)subjected tdfive days of oral-BPexposure at 400 mg/kEaiteSuzuki et al., 19§and
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in mice (only at week 5) gavagjat 600 mg/kg for ten days pnido mating(Yu et al., 2008 The
findings described above are supporteddonsistentreports of 2BP induced adverse
developmental effectérom independent laboratory studies with rats and mibti corresponding
epidemiologicaktudieshave been identifiedhowever, the concordance ofesultsobtainedfrom
laboratory animal studies suggeshat 1-BP may adversely affect human development.

3.3.2 Weight -of-Evidence for Neurotoxicity
Neurotoxicity has been identified as a critical effect fa8R based onwer 15years of behavioral,
neuropathological, neurochemical, and neurophysiological studies in rodents as well as cross
sectional studés and case reports in humang¢8on 3.2.1.7and Appendices0-1, O-3, andO-4).
Overall there is considerable support for the finding of peripheral neurotoxicity, and consistency
in reports of impaired peripheral nerve function (sensory and motor) asheerseneuromuscular
impacts. The effects are progressive in terms of exposure duration and concentration, and range
from subtle changes in nervous systémction and neurochemistryprogressing to physiological
manifestations of neuron damage to structural evidené@euronal pathology.

This spectrum chdverse manifestations gferipheral neurotoxicity is reproducible across almost
all of the experimental studies, with a few notable exceptidnsaddition, gmptoms in humans,
such as peripheral weakness, numbnessxia, and paraparesis, are concordant with the signs
seen in many rodent studies. i KA 3K 02y OSy (i nkiddlagkafeportéikrodentsn  LILIY O
include observations such as hindlimb weakness, ataxia, altered gait, and other signs typical of
peripheral neuropathyMohideen et al., 201;3Zhang et al., 20zBanu et al., 200MHonma et al.,
2003 Fueta et al., 2002&ueta et al., 2002[shidao et al., 2002¢u et al., 2001Fueta et al.,

2000 Ichihara et al., 2000&Kim et al., 1999aDhnehi et al., 1999ClinTrials, 19974d). However,

in a chronic bioassaNTP, 201)ithese signs were reported at 2000 ppm but not 1000 ppm;
differences in timing and specificity of observations as well as training and blinding of personnel
to dose assignmenrtould account for the relative insensitivity of those specific outcomes. A
number of papers that did not report any information at all about the general appearance and
health of the animals were mostly mechanistic studies focused only on ex vivo enditiaisgy

et al., 201%Huang et al., 203 Huang et al., 203 Mohideen et al., 201;]Mohideen et al., 2009
Subramanian, 2012, 153358Buda et al., 200 ueta et al., 200G Jeno et al., 200;7Yoshida et

al., 2®M7; Fueta et al., 2004AVang et al., 2003Vang et al., 2002 In human reports, severe
neurological effects in workers occurred at relatively high exposurE30(pm) over a period of
time of exposure ranging from weeks to montf&amukawa et al., 201Z2DC, 2008Majersik et

al., 2007 Raymond and Ford, 200Ithihara et al., 2002Sclar, 1999

There is generallggreement of 1BFQ @eurotoxic effects across studies using measures of
peripheral nerve integritgvaluated byelectrophysiological and behavioral tests. Nerve

conduction velocity and distal latency in motagurons are decreased in anim@la et al., 2001
Ichihara et al., 200Qa&hao et al., 199P[subcutaneous exposure[Jhese experimental findings
corroborate the studies of factory workers that describe dased nerve conduction and/or
peripheral sensory impairmergLi et al., 2010aLi et al., 2010pichihara et al., 2004aThe
epidemiological studies are, however, somewhat limited by poorly defined exposures as well as
concerns about the sensitivity and implementation of the test methods used to assess motor and
sensory deficits. Using an objective measure of grip streimgthats decreased function that
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worsens with continued exposure has beepoeed in several laboratorie@Vang et al., 2012
Banu et al., 20Q7chihara et al., 2000a[oral exposure]) except onglinTrials, 1997a

A number ofanimalstudies report histopathology of the nervous system (brain, spinal cord,
and/or peripheral nerves) at c@entrations as low as 400 ppf®lohideen et al., 2013
Subramanian et al., 201®lohideen et al., 201;]Wang et al., 2002Yu et al., 2001ichihara et al.,
20008 Ohnishi et al., 199%linTrials, 1997bbut not in othe studiesthat usedeven at higher
concentrations(NTP, 2011Fueta et al., 200450ohn et al., 2002VIL Research, 200Kim et al.,
19999. There are a f@ conflicting reports from the same laboratof@linTrials, 1997 ), [4 wk

vs 13 wk studies[Sohn et al., 200Kim et al., 1999aSuch differences may be attributable to a
number of experimental factors, including tissue preparation, fixation, staining, and sampling,
measurement methodology, and training and blinding of persotmelose group assignment

Additional experimentaanimalstudies report changes in brain wetgkwhich is considered
indicative of neurotoxicity even in cases whetéer histopathological changes are not evident
(U.S. EPA, 19%&owever, several studies do describe corresponding neuropathdwang et
al., 2002 WIL Research, 200Kim et al., 1999a Decreased brain weight was reported with
subacute to subchronic exposures in adult r@sbramanian et al., 201%/ang et al., 2003
Ichihara et al., 2000&im et al., 1999eClinTrials, 1997bas well aglecreased brain weight in
offspring froma multigenerational study with lifetime exposuréd/IL Research, 20R10nly two
studies have measured brain weight and reported no effect§\VBng et al., 200R in which
exposure was only 7 days and may not have been a sufficient exposure dumatitmn
concentration and 2) the 13vk study of(ClinTrials, 1997aeven though the same laboratory
reported decreased brain weight at the same concentration with only 4 weeks of exposure
(ClinTrials did not provide explanations fbrs contradictory finding).

Several studies report alterations in central nervous system neuronal communication,
neurotransmitter levels, proteins, and oxidative stress markers, all of which are markers of
neurotoxicity(U.S. EPA, 1998t is notable that database consistency is partially a function of
multiple studies from a few laboratori€sluang et al., 203,9Mohideen et al., 2013Zhang et al.,
2013 Huang et al., 203, Subramanian et al., 201Pluang et al., 203 Mohideen et al., 2011
Mohideen et al., 2009Suda et al., 20Q&ueta et al., 200MJeno et al., 200;/Fueta et al., 2004
Wang et al., 200Fueta et al., 2002d&ueta et al., 2002F-ueta et al., 2000 Other studies have
reported cognitive deficitéollowing 1:BP inhalation exposur@uo et al., 2015Zhong et al.,
2013 Honma et al., 2003

Overall, the sheer number of experimental studisspported by theepidemiologicaktudies

reporting clinical and neurohistological signs provide strong evidence for peripheral
neuropathology. Where quantifiable endpoints that aensitive to relatively low exposures have
been measured across laboratories, there is generally good consistency in outcomes, with only a
few notable exceptions. There is also agreement in findings of central nervous system dysfunction
in laboratory rodets, but there are no corresponding studies in humans with which to compare.
Thus, the strength and concordance of these lines of evidence provide good confidence in
conclusions of adverse neurological findings wHBFL.
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3.3.3 Weight -of-Evidence for Cancer
Evidence from chronic cancer bioassays in rats and mice suggests-BRatmay pose a
carcinogenic hazard to humans. Significant increases in the incidences of skin tumors
(keratoacanthoma/squamous cell carcinomas) in male F344 rats, rare large intestine aemom
female F344 rats, and alveolar/bronchiolar adenomas or carcinomas (combined) in female
B6C3F1 mice were observed following exposor#-BP via inhalatiofor 2 yearqNTP, 2011
The exact mechanism/mode oftéon of 2BP carcinogenesis is not clearly understood. There are,
however, an abundance of data that may provide a basis for weight of evidence considgration
theseinclude in vitro tests, similarity in metabolism across species, SARed potential
mechanisms of action. Althoughé results fromAmes anddther genotoxicity testfor 1-BPhave
beenmixed two positivemammalian celtest results provide some evidence ggnotoxicityDNA
damage. Rodent metabolic studies have indicated thBPlcan bactivated by CYP2EL1 to at
least five mutagenimetabolitesintermediates, including twthat areclearly mutagenic and
carcinogenicSincehumans have CYP2EL1 activitghie lung andexhibit similar metabolic
pathways for 1BP as rodentghe evidencefrom multiple specieqrats and micejor multiple
cancer types followind-BPexposuresupports a carcinogenic hazard to humafm the SAR
point of view, 1BP is a lownolecular weightalkyl bromide that is generally known to be a good
alkylating agenandtwo of its closest analogébromoethane and ‘bromobutane)both have
providedpositive Ames testresults in closed system®ther possible mechanissof actiong
oxidative stressmmunosuppression, and cell proliferatiorcan act synergistically to compée
the multi-stage process of carcinogenefterEPAGuidelines for Carcinogen Risk Assessment
overall, the totality of the availabldata/information and the weight of evidence support a
justifiable basis to conclude a probable mutagenic mode of action-&®iP tarcinogenesis-BP
Y& 0S8 02y aukeydodd Rarcin@genic $ Hamsand [ Ay S NJ SEG NI L2 € | G
PODis recomnended as the default risk assessment model.

3.34 Summary of Hazard Studies Usedto Evaluate Acute and Chronic
Exposures

EPA/OPPT considered adverse effémts-BP acrossrgan systermand acomprehensive
summary table is il\ppendix QTable_ApxO-2). The full list of effects wascreenedo those
that are relevant, sensitive and found in multiple studies which include the following types of
effects: hepatotoxicity, renal toxicity, immotoxicity, developmental/reproductive toxicity,
neurotoxicity, and canceas described abovén generaladverse effects were observed in all of
these systems imats exposed to -BP by inhalatioim the range of 10G; 1000ppm (LOAELS)
From these effec EPA/OPPT selected endpoints for bmbh-cancer and cancehat were
amenable to quantitative analysis for desesponse assessment as discussed in more detail
below inSction3.4. In the following sections, EPA identifies the appropriate toxicological studies
to be used for acute and chronic exposure scenarios.

34 $1 OAZ2 A aséssnent
EPA/OPPT evaluatedtd fromstudies described abov&ection3.2) to characterizehe dose
response relationships ofBP andseleced studies and endpoints to quantifysks for specific

exposure scenario©ne of the addibnal considerations was thahé selected key studidsad
adequate information to perforndoseresponseanalysidor the seleced PODs. EFAPPT
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defines a POD as the desesponse point that marks the beginning of a {dase extrapolation.
This point carpe the lower bound on the dose for an estimated inciderarea change in
response level from a dogesponse modelie., BMD), a NOAHKlr a LOAEL for an observed
incidence or change itlhe level of response.

3.4.1 01T Z# AMHITARAY 2 A a8séssn@r
Thenonrtancerdosaresponseanalysis irthis assessmentommencedwith the review and
selectionof highqualitytoxicity studies that reportethoth adversenonrcancerhealth effectsand
guantitativedosaresponsedata (Table_ApxO-2). As a result,ie non-cancerdosaresponse
assessmenivasorganizednto five health effectdomains: (1) liver; (2) kidney;(3) reproductive;
(4) developmentabnd(5) nervous systeminhaldion PODs were identified in earlier stept=C
values were calculated for the inhalation PODs identified within each health effect domain.
Endpoint and studyspecificUFswere selected basedn EPAguidancgU.S. EPA, 20Pand usedas
the benchmarkMOEdor riskcalculationsTheseUFswere appliedto the PODgo accountfor (1)
variationin susceptibilityamongthe humanpopulation (i.e.,intermdividualor intraspecies
variability);(2) uncertaintyin extrapolatinganimaldatato humans(i.e., interspeciesincertainty);
(3) uncertaintyin extrapolating from data obtaineh a studywith lesgthanmifetime exposure
(i.e., extrapolatingrom subchronido chronicexposure)and(4) uncertaintyin extrapolatingfrom
aLOAELkatherthanfrom a NOAELwith default values of 1@ppliedfor each(U.S. EPA, 2002

Table3-1 summarizeshe hazardstudiesandhealthendpointsby target organ/systenthat
EPA/OPPGonsidered suitable for risk evaluationtbke exposure scenariagentifiedin this work
planriskassessmenteystudiesin Table3-1 are briefly describedn the HumanHealthHazard
Summary, Sectiod.2. Table3-4 lists the lowest HEQy study type and duration.é.,acute vs.
chronic)

Benchmark doséBMD)modeling was applied to these endpoiribisa manner consistent with EPA
Benchmark Dose Technical Guidantthenthe models were adequat¢he modelresults were
usedasPODs. For studies which BMD modelingid not achieve an adequafé to the data, the
NOAEL or LOAE&luewas used for the POD. Details regarding BMD modeling can be found in
Appendix PThe PODs were converted from air concentratiorlatoratoryanimals to HEGsy
accounting for the duration of exposure and appg an interspecies dose adjustment factor
(DAF). The DrAwas based on the ratio tife blood:gas partitiorcoefficientfor 1-BP, a
recommendedor a systemically acting géd.S. EPA, 19%4-or 1 BP, the blood:air partition
coefficient for rats is greater than that foumans, so a default ratio of 1 wappliedU.S. EPA,
1994). The HECs were adjusted from ttespectivestudy conditions to exposures of 8 hoymsr
day for occupational exposure scenarios (acute and chronic) and to exposures of 24 hours per day
for consumer exposure scenarios. For chronic expostfeets, air concentrations were adjusted
to 5 days of exposure per week to reflect a 40 hour workkvélECs were rounded to two
significant figures.

BMRs were selected for each endpoilmt.cases where biologically relevant BMRs were not
availablethe BMRwas10%for dichotomous endpointand 1 standard deviation for continuous
endpointsconsistent wih EPAenchmark Dose Technical Guidark8MR of 10% was used for
liver and kidneeffects.A BMR of 1 standard deviation was used for reproductivecest Lower
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BMRs were used for developmental endpoints with 5% for pup body weight and 1% for brain
weight to account for the increased severity of these endpofots. EPA, 199%1A BMR of 1

standard deviation was used for functional nervous system effects. When BMD modeling was
successfylthe PODs were the BMDLs determined for each endp®ime. PODs for endpoints

selected following doseesponse analysis were calculated eithgrdenchmark dos¢BMD)
modeling(when the model fit was adequate) or a NOAEL/LOAEL approach based on the endpoint
evaluated (see Sectidh4.1and Table3-1 for all of the PODSs).

Giventhe different exposurescenariosconsideredboth acuteandchronicfor spray adhesives,

dry cleaning, and degreasing activities for occupational exposure scersaribenlyacute for spot

cleaners for consumer exposure scenayid#ferent endpointswere usedbasedon the expected
exposuredurations.FornonZancereffects and kased on a weighof-evidence analysis of toxicity

studies from rats and humanssksfor developmentakffectsthat may result from a single

exposurewere evaluatedfor acute (shortZerm) exposureswhereasrisksfor other adverseeffects
(e.g.,toxicityto liver, kidney,reproduction, developmenand nervous systepwere evaluatedfor

repeated (chronic)exposuredo 1-BP. Although developmental studies typically involve multiple
exposures, they are considered relevant for evaluating single expefiecause some

developmental effects (e.g., fetal resorptions and mortality), may result from a single exposure

during a critical period of developme(Davis et al., 20Q09/an Raaij et al., 2008.S. EPA, 1991

CtKA& A& O2yaraidaSyid oA0GK 9t ! Q& DdAzA RS AtafeSa T2 NJ w
that repeated exposure is not a necessary prerequisite for the manifestation of developmental

toxicity. Consequently, EPA/OPPT concluded that developmental endpoints are applicable when
assessing acute exposures, where it is assumed that the ribkiobccurrence depends on the

timing and magnitude of exposuré: KA & A& oO0FaSR 2y GKS LINBadzyLIiaA?2
single exposure during a critical window of development may produce adverse developmental
effects(U.S. EPA, 1996991). The rationale for using the range of toxic effects for chronic

scenarios is based on the fact that relatively low dose and short terrubnic exposures can

result in longterm adverse consequences.

PODs for Acute Exposure

Acute exposure was defined for occupational settings as exposure over the course of a single work

shift 8hours and for consumers as a single dagvelopmental toxicity (i.e. reduced number of

live pups per litter) was the endpoint selected as most relevantélculating risks associated

with acute ocapational or consumer exposuf@VIL Research, 20R1The acute scenario covers

exposures incurred during a single day, with varying time intervals assumed for worker (an 8 hour

work shift), and consumer (a 24 hour day) exposure scenarios. Usually, the daily dose is not

adjusted for duration of exposure bagse appropriate pharmacokinetic data are not available. In

cases where such data are available, adjustments may be made to provide an estimate of equal

average concentration at the site of action for the human exposure scenario of concern.

However, the sbrt half-life for 1-BP suggests there will not be increasing body burden over

multiple exposure days, therefore, no duration adjustment is nee@eather support for using

this endpoint for acute (shoiterm) exposures is the fact that the constellatiohb@th male and

female reproductive effect@n the b males and femalegollectively contributing to the

decreases in live litter size, all occurred within a short windbexposure between ovulation and

implantation. In addition, dcreased live littesize occurred atelatively low exposures, suggesting
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that this was a sensitive and relevant endpoint, suitable for use in the risk assessment. A BMR of
5% was used to address the severity of this endp@in®. EPA, 201Pahe POD for the decreased
live litter sizewas a BMDL of 3dpm.

PODs for Chronic Exposure

Chronic exposure was defined for occupational settings as exposure reflectiniycaur@ork
week.Non-cancer edpoints selected as most relevant for calculating risks associated with
chronic (repeated) occupational exposures t8R includedoxicityto the liver, kidney,
reproductive systemgevelopmental effectsandthe nervous system.

Table3-1 summarizeshe hazardstudiesandhealthendpointsby target organ/systemnthat
EPA/OPPGonsidered suitable for the risk evaluationabironic exposure scenariasthe work
planriskassessmentfor 1-BRP. Keystudiesin Table3-1 are briefly describedn the HumanHealth
HazardSummary, SectioB.2, alongwith other toxicityand epidemiologicaktudies BMD
modeling was performeébr these endpoints in a manner consistent with EB®hchmark Dose
Technical Guidanc®MRs were selected for each endpoint.

Hepatic endpointselectedfor doseresponse analysiscludedatasets foristopathology (e.g.,
hepatocellular vacuolatioffrom subchronic inhalation studies rats(ClinTrials, 1997d) and
(WIL Research, 200Benchmark dose modeling determined BMDL values of 143, 226 and
322ppmfor the three datasets modeled from these studies.

Renal endpoints selected for desesponseanalysis include amcreased incidence of pelvic
mineralization in male and female rats from a subchronic inhalation Sl Research, 2001
Benchmark dose modeling determined BMDL values of 428 and 135 ppm, respectively, for these
datasets.

Decreased epididymal weigltgcreased prostate weight, decreased seminal vesicle weight,
altered spermmorphology and decreased sperm motility were the male reproductive endpoints
selected for doseesponse analys@VIL Research, 200chihara et al., 2000bIncreased

estrous cycle length and decreased antral follicle count were the female reproductive endpoints
selected for doseesponse analysi&’amada et al., 20Q3VIL Research, 20DIThe PODs for
endpoints selected following dogesponse analysis were calculated either epthmark dose
(BMD)modeling(when the model fit was adequate) or a NOAEL/LOAEL appbaaei on the
reproductive endpoint evaluated (see Section 3.4 &able3-1 for all of the PODs)Y he PODs

were 3, 227, 250, 313 and 338pm for decreasedelative seminal vesicle weiglftise of

absolute seminal vesicle weigbtoducedthe same BMDL}lecreasedercent normal sperm
decreased percent motile sperrand absoluteleft andright cauda epididyral weights
respectively in malesThe PODs were 200 and 2ppm for decreased antral follicle couand
increased estrous cycle lengthspectivelyjn females

Decreased live litter size (i.e. reduced number of live pups per litter) was the endpoint selected as
most relevant for calculating risks associated vdévelopmental toxicity followinghronic,
exposuregWIL Research, 20D1Decreasedive litter sizemay result from singlas well as
repeatedexposurs at a developmetally critical periodDavis et al., 20Q%/an Raaij et al., 2003
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U.S. EPA, 19%and therefore was considered a relevant endpoint for chronic as well as acute
exposuresin addition, eécreased live litter sizeccurred at relatively low exposures, suggesting
that this was a sensitive and relevant emdpt, suitable for use in the risk assessmeaBMR of
5% was used to address the severity of this endp@ing. EPA, 201pahe POD for thdecreased
live litter sizewas a BMDL of 48pm.

Neurologicakndpoints selected for doseesponse analysi®r chronic,repeated exposurewere
datasets fordecreased time hanging from a suspended {eaction time)in rats in a 3veek
inhalation study(Honma et al., 2003and decreased hind limb grip strength rats in a 12veek
inhalation study(Ichihara et al., 200QaThese functional measures are relevant to peripheral
neurotoxicity reported in human studieBenchmark dose modeling determined BMDL values of
18 and 214respectively, for these datasets.
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Table3-1 List of Inhalation Endpoints Suitable for the Na@Dancer Dos&kesponse Analysis ofBP

Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)® Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Liver Rat (male) 100 to 750 6 hours/day BMDLo= Increased 150 UFs=1,; (WIL Research
(n=25/group) during premating 143.5 incidence of UR=10; 2007
O0x Tn R vacuolization of UR=10;
throughout centrilobular UR=1;
mating, and until hepatocytes () Total UF=100
sacrifice for &
Liver Rat (male) 100 to 600 6 hours/day, 5 BMDlio= Increased 170 UFs=1; (ClinTrials,
(n=15/group) days/week for 13 226.1 incidence of UR=10; 19979
weeks cytoplasmic UR=10;
vacuolization UR=1;
Total UF=100
Liver Rat (female) 100 to 750 6 hours/day BMDLo= Increased 340 UFs=1; (WIL Research
(n=25/group) during premating 322.1 incidence of UR=10; 2007
0 Tn R vacuolization of UR=10;
throughout centrilobular UR=1;
mating, and until hepatocytes (b Total UF=100

GD 20; from PND
5 until weaning of
offspring (~PND

21) for b
Kidney Rat (female) 100 to 750 6 hours/day BMDLo= Increased 140 UFs=1; (WIL Research
(n=25/group) during premating 135.0 incidence of UR=10; 2000
0 Tn R pelvic UR=10;
throughout mineralization UR=1;
mating, and until (Fo) TotalUF=100

GD 20; from PND

5 until weaning of

offspring (~PND
21) for b
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Kidney Rat (male) 100 to 750 6 hours/day BMDlo= Increased 450 UFs=1,; (WIL Research
(n=25/group) during premating 428.3 incidence of UR=10; 2007
00X Tn R pelvic UR=10;
throughout mineralization UR=1;
mating, and until (Fo) Total UF=100
sacrifice for &
Reproductive Rat (male) 200 to 800 8 hours/day, 7 BMDlss= Decreased 53 UFs=1; (Ichihara et al.,
System (n=89/group) days/week for 12 38 absolutetelative UR=10; 2000bh
weeks seminal vesicle UR=10;
weight UR=1;
Total UF=100
Reproductive Rat (female) 100 to 500 6 hours/day BMDlss= Decreased 200 UFs=1; (WIL Research
System (n=2225/group) during premating 188 number of UR=10; 2007
0 Tn R implantation UR=10;
throughout sites UR=1;
mating, and until Total UF=100
sacrifice for b
Reproductive Rat (male) 100 to 750 6 hours/day NOAEI= Decreased 260 UFRs=1,; (WIL Research
System (n=1525/group) during premating 250 percent motile UR=10; 2007
O0X Tn R sperm (k) UR=10;
throughout UR=1;
mating, and until Total UF=100
sacrifice for b
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Reproductive Rat (female) 100 to 750 6 hours/day NOAEI= Increase in 260 URs=1; (WIL Research
System (n=2225/group) during premating 250 estrous cycle UR=10; 2007
00X Tn R length () UR=10;
throughout UR=1;
mating, and until Total UF=100
GD 20; fromPND
5 until weaning of
offspring (~PND
21) for b
Reproductive Rat female) 200 to 800 8 hours/day, 7 LOAEl= Decreased 280 URs=1; (Yamada et al.|
System (n=10/group) days/week for 7 200 number of antral UR=10; 2003)
or 12 weeks follicles (k) UR+10;
UR=10;
Total
UF=1000
Reproductive Rat (male) 100 to 750 6 hours/day BMDlss= Decreased left 330 UFs=1; (WIL Research
System (n=25/group) during premating 313 cauda epididymig UR=10; 2000
00X Tn R absolute weight UR=10;
throughout (F) UR=1;
mating, and until Total UF=100
sacrifice for b
Reproductive Rat (male) 100 to 750 6 hours/day BMDlss= Decreased 340 URs=1; (WIL Research
System (n=2425/group) during premating 327 percent normal UR=10; 2000
0 Tn R sperm UR=10;
throughout morphology (b) UR=1;
mating, and until Total UF=100
sacrifice for &
Reproductive Rat (male) 100 to 750 6 hours/day BMDLss= | Decreased right 350 UFR=1; (WIL Research,
System (n=25/group) during premating 338 cauda epididymig UR=10; 2009
00X Tn R absolute weight UR~=10;
throughout (Fo) UR=1,
mating, and until Total UF=100
sacrifice for &
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Reproductive Rat 100 to 750 6 hours/day BMDLo= | DecreasedMale 370 URs=1; (WIL Research,
System (n=25/group) during premating 356 and Female UR=10; 2009
0 Tn R Fertility Index UR=10;
throughout (Fo) UR=1,
mating, and until Total UF=100
sacrifice for &
Developmental Rat 100 to 500 6 hours/day BMDls= Decreased live Acute®: UFs=1; (WIL Research,
Effects (n=25/group) during premating 41 litter size (k) at 31 UR=10; 2009
O0X Tn R PND 0 UR=10;
throughout Chronié: UR=1;
mating, and until 43 Total UF=100
GD 20 for the
litters
Developmental Rat 100 to 500 6 hours/day BMDL= Decreased brain 53 UFs=1; (WIL Research,
Effects (female) during premating 50 weight in UR=10; 2009
(n=1522/group) 0 Tn R females at PND UR=10;
throughout 21 UR=1;
mating, and until Total UF=100
GD 20; fromPND
5 until weaning of
offspring (~PND
21)
Developmental Rat 100 to 500 6 hours/day BMDL= Decreased brain 86 UFs=1; (WIL Research,
Effects (female) during gestation 82 weight in adult it UR=10; 2007
(n=25/group) LJ dza x H females UR=10;
after PND21 UR=1;
Total UF=100
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Developmental Rat 100 to 500 6 hours/day BMDL= Decreased brain 100 URs=1; (WIL Research,
Effects (male) during premating 98 weight in B UR=10; 2007
(n=1522/group) 0 Tn R males at PND 21 UR+10;
throughout UR=1;
mating, and until Total UF=100
GD 20; from PND|
5 until weaning of
offspring(~PND
21)
Developmental R& 100 to 500 6 hours/day LOAEL= | Decreased brain 110 UFs=1; (WIL Research
Effects (male) during gestation 100 weight in adult it UR=10; 2007
(n=2425/group) L)X dza x H males UR=10;
after PND21 UR=10;
Total
UF=1000
Developmental Rat 100 to 500 6 hours/day BMDls= Decreased pup 120 UFs=1; (WIL Research
Effects (male) during gestation 116 body weights UR=10; 2000
(n=1522/group) until GD 20 and on PND 21 UR+10;
from PND 5 until (omales) UR=1,
weaning (~PND Total UF=100
21) for B
Developmental Rat 100 to 500 6 hours/day BMDls= Decreased pup 130 URs=1; (WIL Research
Effects (male) duringgestation 123 body weights UR=10; 2000
(n=1024/group) until GD 20 and on PND 28 UR=10;
from PND 5 until (RRmales) UR=1;
weaning (~PND Total UF=100
21) for R
Developmental Rat 100 to 500 6 hours/day NOAEL= Decreased pup 260 URs=1; (WIL Research
Effects (female) during gestation 250 body weights UR=10; 2007
(n=1522/group) until GD 20 and on PND 14 UR+10;
from PND 5 until (R2females) UR=1,
weaning (~PND Total UF=100
21) for k
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Developmental Rat 100 to 500 6 hours/day BMDls= Decreased pup 300 UFs=1,; (WIL Research
Effects (male) during gestation 288 body weights UR=10; 2007
(n=1522/group) until GD 20 and on PND 14 UR+10;
from PND 5 until (Rmales) UR=1,
weaning (~PND Total UF=100
21) for B
Developmental Rat 100 to 500 6 hours/day BMDls= Decreased pup 320 UFs=1; (WIL Research
Effects (female) during gestation 303 body weights UR=10; 2000
(n=1522/group) until GD 20 and on PND 21 UR+10;
from PND 5 until (Rfemales) UR=1,;
weaning (~PND Total UF=100
21) for B
Nervous Systen Rat 10 to 1000 8 hours/day, 7 | BMDLsp= | Decreased time 25 UFRs=10; (Honma et al.,
(male) days/week for 3 18.2 hangingfrom a UR=10; 2003
(n=5/group) weeks suspended bar UR=10;
(traction time) UR=1;
Total
UF=1000
Nervous Systen Rat 100 to 750 6 hours/day NOAEL= | Decreased brain 110 URs=1; (WIL Research
(male) during premating, 100 weight in ks UR=10; 2007
(n=25/group) throughout males UR+=10;
mating, and until UR=1,
GD 20X Mmc Total UF=100
weeks)
Nervous Systent Rat 200 to 800 8 hours/day, 7 BMDLss= | Decreased hind 300 UFs=1; (WIL Research
(male) days/week for 12 213.8 limb grip UR=10; 2000
(n=89/group) weeks strength UR+10;
UR=1;
Total UF=100
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Target Organ/ Species, sex Range of Doses Duratior? POD Type Effect HEC (ppnf) | Uncertainty Reference
System (#animals/dose) or (ppm)? Factors (UFs)
Concentration$ for
(ppm) Benchmark
MOP
Nervous Systen Rat 100 to 750 6 hours/day BMDLsp= | Decreased brain 530 URs=1; (WIL Research
(female) during premating, 509 weight in b UR=10; 2007
(n=25Qgroup) throughout females UR=10;
mating, and until UR=1;
GD20¥ wmc Total UF=100
weeks)

1Control concentrationgare not included in the table.

2 Acute exposures defined #isoseoccurring within a single daghronic exposures defined as 10% or more of a lifefith8. EPA20117).

3POD type can be NOAEL, LOAEL, or BMDL. For BMDLs, the subscript indicates the associated BMR. The BMRs are a peecdatagiorel@. g.10% relative
deviation BMDlo) or 1 standard deviation change (BMEY-from the mean for continous data.

“HECs are adjustdtbm the study conditions by the equation H&€ess POD xluration adjustmentx DAF where the DAF is thatio of blood:gas partition
coefficients (animal:human). ForBP, the blood:air partition coefficient for rats is gieathan that for humans, so a default ratio of 1 is applfedS. EPA, 1994
The baseline used fdhe duration adjustment was a8 hours/dayexposurefor occupational exposure scenariasd 24 hours/day exposuréor consumer
exposure scenario$or acute exposurthe duration adjustment was (hours per dayposed + 8and for chronic exposur@ccupational scenariosjas(hours per
day exposed + 8) x (days per week exposedte Eflect a 46hour work weekAll of the endpointsised the chronic exposure duration adjustmenxicept for the
decreased livatter size (k) at PND 0 as described aboveSection3.4.1 HECs are rounded to two significant digits.

SURs= subchronic to chronic UF (default value = 10) iiterspecies UF (default value of 10)nBHntraspecies UF (default value = 10); t EOAEL to NOAEL L
(default value = 100U.S. EPA, 2002

5The HEC for decreased live litter size was adjusted for acute and chronic occupational exposures as describettin.foo

* BMD modeling did not adequately fit the variance in the data so the NOAEL or LOAEL is presented
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3.4.2 Carcinogenic $ T OA Z 2 A a&éssnel
No data were located on the carcinogenicity eéBR in humans. In animals, tharcinogenicity of
1-BP was evaluated inel-designed studiesonductedin rodents(NTP, 201}l Male and female
rats and mice were exposed teBP via inhalation 6 hours/day, 5 days/week for 2 years. Cancer
findings included significant increases in the incidences of: 1) skin tumors
(keratoacanthoma/squamous cell carcinomas) in male F344 rats, 2) rare large intestine adenomas
in female F344 rats, and 3) alveolar/bronchiolar adenomas and carcinomas (combined) lim fema
B6C3F1 mice.

DoseResponse Modeling

Doseresponse modeling of theNTP, 201)lcancer data was performed HBPA A brief summary

of the methodology is presented heesd more details are available in AppenBi8. Benchmark
dose modeling was performed for all three statistically significantly increased tumor types from
the NTP study (i.e., skin tumors in male rats, intedtiomors in female rats and lung tumors in
female mice). Allichotomousmodels in theBMD software BMDSVersion 26) were fit tothe
incidence datdor each of the three tumor types. The benchmark response BMR) used was
0.1% added risk (corresponding to-#n11,000workinglifetime addedrisk of cancer)Because
extrapolation to a 0.1% response level is sensitive to model selection, a {aeekelging (MA)
technique(Wheeler and Bailer, 200Was used. This technique uses statistics (bootstrapping
technique) to weigh, based on fit, the models providing acceptable fit to the experirnaataset
(as evidenced by a chguare goodnessf-fit value > 0.10). Modehveraging software was
restricted to avoid supralinear models, which exhibit properties at thedoge that are not
considered biologically plausible. The resulting mealedragebenchmark concentrations (MA
BMCs) associated with 0.1% added risk and their 95% lower confidence limits (MA BMCLs) are
shown inTable3-2 for each of the three cancealatasets.

Table3-2 Model-Average BMC and BMCL Estimates 3P Exposure Associated with a 0.1% Added Risk
of Tumors in Rodents

Species; Tumor Type MA MA
BMC | BMCL

(ppm) | (pPmM)
Male F344 ratskeratoacanthoma/squamous cell carcinoma (combined) | 3.73 2.25

Female F344 rats; large intestine adenoma 13.5 4.85
Female B6C3F1 mice; alveolar/bronchiolar adenoma or carcinoma 0.85 0.64
(combined)

Extrapolation to Humans

The BMC and BMCL values showhable3-2 represent the concentrations estimated by the
model to generate the target response in rodents exposed 6 hours/day foy&waek. These
data were extrapolated to humans based on occupational exposureB® tluring a 4bour
work week (8 hours/day, 5 days/week) using the following methodology:
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1. Conversion of MA BMC/BMCLs (ppm) to benchmark dose values (BMD/BMDL in mg/kg
day) by adjustngfor the experimentakxposureduration 6hours/day;

2. Conversion of BMD/BMDLs in rodents to human equivalent BMD/BMDLSs on the basis of
the mg/kgday dose scaled by body weight to the 0.75 poivand

3. Adjustment of the human equivale®MD/BMDLs (mg/kday) to BMC/BMCLSs (ppm) that
reflect exposure for an-8our work day®.

The human equivalent BMC and BMCL (BA&hd BMCleg estimates based on a BMR of 0.1%
added risk are shown ihable3-3.

Table3-3 BMC and BMCL Estimates 6BP Exposures Associated with a 0.1% Added Risk of Tumors in
Humans Exposed 40 hours/week (8 hours/day, 5 days/week) (ppm)

Speces; Tumor Type BMGiec| BMCluec
Male F344 rats; keratoacanthoma/squamous cell carcinoma (combin| 1.75 1.05
Female F344 rats; large intestine adenoma 6.17 2.22

Female B6C3F1 mice; alveolar/bronchiolar adenoma or carcinoma 0.39 0.30
(combined)

Derivation of Inhalation Unit Risk

As shown inrable3-3, the data forlungtumors pased on thecombined incidence of
alveolar/bronchiolar adenoma or carcinomiafemale mice generated the lowest
BMGie¢BMCluecvalues; these values are considered protective for the otheror types The
BMClec(0.30ppm) represents the 95% lower confidence limit estimate of the occupational
exposure concentration expected to produa tin-1,000 lifetime added risk of lung cancéihis
value was selected as the POD for the inhalation unit risk (IUR) value becaaileeis the
statistical variability of the datandis more healthprotective than the central estimate (BME3).
Although data suggest a probable genotoxic mode of action (MOA), the exact MGBRof 1
induced tumorigenesis is not known. In the absence of more definitive knowledge regarding the
MOA of 1BP, the inhalation unit risk was calculated using the defaulafia@proach, as follows:

IUR =BMR -BMCL
= 0.001 + BOppm
=3x103 perppm (7 x 107per ng/m?3)

SBMD/BMDL (mg/kglay) = BMC/BMCL (ppm) x (6 hours/24 hours) x (5.031 fyggmppm) x default inhalation rate
(m¥day) x default lody weight (kg); where the default inhalation rate and body weight values are G/g&yrand
0.380 kg for male F344 rats, 0.24/day and 0.229 kg for female F344 rats, and 0.8&lay and 0.0353 kg for
female B6C3F1 mice in chronic studigsS. EPA, 1988

®Human equivalent BMD/BMDL (mgkigy) = BMC/BMCL (mghtay) x (default body weight in rats or mice
[kg]/default body weight in humans [kd}f% wheredefault body weight values are 0.380 kg for male F344 rats,
0.229kg for female F344 rats, 0.0353 kg for female B6C3F1 anide70 kg fohumans(U.S. EPA, 198BCRP, 1975
1BMC/BMCL (ppm) = (1 ppm per 5.031 m§)/m(default body weight in humans [kg]/defaatinute volumefor
human occupationaéxposurebased on an $iour shift [nf/day]); where default body weight and minute volume
values are 70 kg and 9.6 day (U.S. EPA, 1994
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ThelURwas usedin the EPA/OPPiiskassessmento estimateaddedcancerrisksfor the
inhalation occupationakxposurescenariosThereis highconfidencein the IURbecausat was
basedon goodqualityanimaldata. Moreover,currentweightof evidencesuggests that-BP
operatesthroughat least four possible mechanisms in different target orgaggnotoxicity,
oxidative stressmmunosuppression, and cell proliferatiom complete a multistage process of
carcinogenesis

EPA/OPPid not usethe IURto calculatethe theoreticalcancerriskassociatedvith a single
(acute)exposureto spray adhesive, degreasing, and dry cleaatigyities containing-BP.
Publishedmethodologyfor extrapolatingcancerrisksfrom chronicto shortrterm exposurego
mutageniccarcinogensaveatthat extrapolationof lifetime theoreticaladdedcancerrisksto
singleexposuresas greatuncertainties(NRC, 2001

AsNRJ2001) explains gThereare no adoptedstate or federalregulatorymethodologiegor
derivinga K 2 NJierpidosbirissiindardsfor workplaceor ambientair basedon carcinogenicisk,
becausenearlyall carcinogenicitystudiesin animalsand retrospectiveepidemiologictudies
haveentailedK A 3 K 1t R2/20SeXp&NasAsa result, thereis uncertaintyregardingthe
extrapolationfrom continuousifetime studiesin animalsto thecaseof2 Y OS Ay Il mf AFSGAY
humanexposuresThisis particularlyproblematical becausdhe specifidhiologic mechanismat

the molecular cellular,andtissuelevelsleadingto cancerare often exceedinglyliverse,

complexor not known. It is alsopossiblethat the mechanism®f injuryof brief, KA I KMR2 & S
exposuresvill often differ from thosefollowingt 2 y 3 mxXp&NasTodate, U.Sfederal
regulatoryagencieavenot establishedegulatorystandardsbasedon, or applicableto, less

than lifetime exposure$o carcinogenisubstance® €

Thusthe EPA/OPPWork planriskassessmenfior 1-BPdoesnot estimateaddedcancerrisks
for acuteexposuresdecausethe relationshipbetweenasingled K 2 NJiexpdssinddy1-BPand
the inductionof cancerin humanshasnot beenestablishedn the currentscientificliterature.

3.5 Summary of Health Hazard
Table3-1 summarizes the hazard studies, health endpo{R®Dspy target organ/system, HEC
and UFs that are relevant for the risk evaluation of acute and chronic exposure scehables.
3-4 lists the lowest HECs by study type and duration category (acute vs. chAppendix O
contains acomprehensive summary table of adverse effects.
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Exposure | Target Organ/ | Species [ Route of Range of Duratior? POD Type Effect HEC Uncertainty Reference
Duration System Exposure | Doses or (ppm)? (ppm)* | Factors (UFs)
for Risk Concentra for
Analysis tions! Benchmark
(ppm) MOE
Liver Rat Inhalation | 100 to 750 | 6 hours/day during | BMDlo= Increased 150 UFs=1; (WIL
(male) preYl GAy3 143.5 incidence of UR=10; Research,
(n=25/ days), throughout vacuolization UR+=10; 2007
group) mating, and until of UR=1;
sacrifice centrilobular Total UF=100
hepatocytes
(F)
Kidney Rat Inhalation | 100 to 750 | 6 hours/day during | BMDLo= Increased 140 UFs1; (WIL
(female) preYl GAy3 135.0 incidence of UR=10; Research,
(n=25/ days), throughout pelvic UR+=10; 2007
group) mating, and until GD mineralization UR=1;
20; from PND &intil (Fo) Total UF=100
N weaning of offspring
< (~PND 21)
°3
% E Reproductive Rat Inhalation | 200 to 800 8 hours/day, 7 BMDliss= Decreased 53 UFs=1; (WIL
% % System (male) days/week for 12 38 absolute/ UR=10; Research,
CINS) (n=89)/ weeks relative UR=10; 2007)
8 group seminal UR=1;
vesicle weight Total UF=100
Developmental Rat Inhalation | 100 to 500 | 6 hours/day during | BMDIls= 41 | Decreased livgl 43 UFs=1; (WIL
Effects (n=25/ preYl G Ay 3 litter size (k) UR=10; Research,
group) days), throughout at PND O UR=10; 2000
mating, and until GO} UR=1;
20 for the klitters Total UF£00
Nervous Systen Rat Inhalation | 10 to 1000 8 hours/day, 7 BMDlisp= Decreased 25 UFRs=10; (Honma et
(male) days/week for 3 18.2 time hanging UR=10; al., 2003
(n=5/ weeks from a UR=10;
group) suspended bal UR=1,
(traction time) Total
UF=1,000
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Exposure | Target Organ/ | Species [ Route of Range of Duratior? POD Type Effect HEC Uncertainty Reference
Duration System Exposure | Doses or (ppm)? (ppm)* | Factors (UFs)
for Risk Concentra for
Analysis tions! Benchmark
(ppm) MOPE
Developmental Rat Inhalation | 100 to 500 | 6 hours/day during BMDls Decreased livd 31 UFs1, (WIL
y Effects (male) preYl GAy3 =41 litter size (k) UR=10; Research,
<ZE (n=24 days), throughout UR+=10; 2007
L||_J o 25/ mating, and until UR=1;
) 2 group) sacrifice in males; o Total UF=100
< o until GD 20 and fron]
O PND 5 until weaning
8 of offs.pring (~PND
21) in females
Developmental Rat Inhalation | 100 to 500 [ 6 hours/day during BMDls Decreased livg 10 UFs1; (WIL
Effects (male) preYl Ay 3 =41 litter size (k) UR=10; Research,
o (n=24 days), throughout UR+=10; 2007
i S 25/ mating, and until UR=1;
5 D group) sacrifice in males; o Total UF=100
2 % until GD 20 and from
8 PND 5 untilveaning

of offspring (~PND

21) in females

1Controlconcentrations are not included in the table.

2 Acute exposures defined dsoseoccurring within a single daghronic exposures defined as 10% or more of a lifefth€. EPA, 2011

SPOD type can be NOAEL, LOAEL, or BMDL. For BMDLS, the subscript indicates the associated BMR. The BMRs are a peecdataggore(@.g. 10% relative

deviation BMDlo) or 1 standard deviation change (BMEY.fromthe mean for continuous data.

4HECs are adjusted from the study conditions by the equation:tEs® POD x duration adjustment x DARe DAF is the ratio of blood:gas partition coefficients
(animal:human). For-BP, the blood:air partition coefficiefbr rats is greater than that for humans, so a default ratio of 1 is apglies. EPA, 1994-or acute exposure
the duration adjustment was (hours per day exposedor 84) and for chronic exposurde duration adjustmentvas (hours per day exposed + 8) x (days per week
exposed + 5) to reflect a 4@our work week. The effects all used the chronic exposure duration adjustment except for the decreased live littey aiZzeNP 0 as
described above iBection3.4.1 The differences in the HECs between the occupational and consumer exposures are due to the baseline used for the dusttienta
of acute occupational and consumer exposures; occupational exposures was 8 houastdi@pnsumer exposures was 24 hddey. HECs are rounded to two significar

digits.

SUFRs= subchronic to chronic UF (default value = 10) Hiaterspecies UF (default value of 10)hBfntraspecies UF (default value = 10); £/ EOAEL to NOAEL UF
(default value = 10)U.S. EPA, 2002

* BMD modeling did not adequately fit the variance in the data so the LOAEL is presented
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4 HUMANHEALTHRISKCHARACTERIZATION

1-BPexposures associated witl variety of cancerandnon-cancereffectsdeemed relevanto
humansfor risk estimations for the chronic scenarios and populations addressed in this risk
assessmentBased on a weightf-evidence analysis dfie availableoxicity studies from rats and
humans, hese effects includever toxicity, kidneytoxicity, reproductive toxicity, developmental
toxicity andneurotoxicity The rationale for using theange oftoxic effects for chroniexposures
is based on the fact that relatively low dos#ort term/subchronic exposures can result in leng
term adverse consequencele adverse developmentbitoxic effects aralsodeemed
important forrisk estimatiorfor the acute exposurecenarios and populations addressed in this
risk assessment. The rationale for usinBR associated developmental effects émaluating risks
associated wittacuteexposureis based on theinderstandinghat arelatively short critical
window of vulnerabilityexistsin humans and in rodentsndshort halflife of the chemical and
reactive nature of the metabolites ofBP withcellular components (e.g., DNA and proteins) in
multiple organ systems.

1-BP is carcinogenic in animals. The cancer risk assessment us#3AM@PPT derivddRbased
on lung tumors in female mice. The weighitevidence analysis for the cancer endpowas
sufficient to support a probablemutagenicmode of action for iBP carcinogenesis

4.1 RISK ESTIMATION APPRACH

Table4-1, Table4-2, and Table4-3 showthe usescenariospopulations ofinterestand
toxicologicalendpointsusedfor acute andchronicexposuresrespectively.
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Table4-1 Use Scenarios, Populations of Interest and Toxicological Endpoints for Assé3samational
Risks Following Acute Exposuresl1-BP Used liSpray AdhesivedDry Cleaningand Degreasng

PopulationsAnd OccupationalUseScenarioof 1-BP atCommercial Facilities Including
ToxicologicalApproach Soray Adhesives Dry deaning, andDegreasing

Users:
Adult pregnant worker (>16 yearsld) exposedo 1-BPfor asingley Tt ExNdsuré”,

Populationof Interest

and ExposureScenario: Occupational Noruser:

Adult pregnant womer (>16yearsold) exposedo 1-BPindirectlyby being irthe same
work area ofuilding.

b 2 v it/ HeAlt EfiéttsDecreased live litter siz€1) (WIL Research, 20pi

Health Effectsof 1.b 2 y m/ HafdddBaNisor Pointof Departures (POD-hr HEC31 ppm

Concern,Concentration ) _ .
d Time Duration CanceHealthEffects Cancerisksfollowing acute exposuresere not estimated.
Sl Relationshigs not known betweenasinglea K 2 NJiexpostiistdy’l-BPandthe
inductionof cancerin humans.

(UR=1) x (UR=10) x (UR=10) x (UR=1)° =100
Uncertainty Factors(UF)
usedinb 2 y 1t/ |y
Margin of Exposure
(MOE)calculations

Total UF=BenchmarkOE=100

Notes:

! Theriskassessmenfor acute exposurefocusedon themostsensitivelife stage in humansyhich iswomenof childbearingage
andfetus (i.e.,pregnantworker)dueto concerndor developmentakffects.

2 Exposureestimate wasadjustedto an 8t KeRpbsureestimatein orderto combineit with the 8rt KHECs.

%)t is assumedho substantiabuildup of1-BPin the body betweenexposureeventsdueto 1-BF a2 & K 2 KJ2 3 A @4 2houks) f

* Theriskassessmenfor acute exposurefcusedon developmentatoxicity effectsasthe mostsensitivehealth effect when
comparedto other potentialacuteeffects(i.e.,neurotoxicity).

® URssubchronido chronicUF; URsinterspecies)F;UR=intraspecies)F;UR=LOAEL thlOAEIUF
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Table4-2 Use Scenarios, Populations of Interest and Toxicological Endpoints for Ass&3simgumer
RisksFollowing Acute Exposurdas 1-BPUse InAerosol Spray Adhesives, Aerosol Spot Removers, and

Aerosol Cleaners and Degrears

Population and Toxicologica

CONSUMER USE SCENARIOS

Aerosol SprayCleaning and Degreasing

Users Central Tendency

Aerosol Spray| Aerosol Spot Engine Brake Cleaner{ Electronics
Approach AdhesivedUse | Removers Usq Degreasers Use Cleaners Use
Populationof Interest Women of child bearing ageonsumerg>16yrs old)
Exposureﬁcenarié: Asingle0.51 K NAsinglen @ p {Asinglel.Ort K|Asingle0.8mt K|Asingle0.3rt K
Users High End exposure. exposure. exposure. exposure. exposure.
ExposureScenarié: Asingle0.071t K|Asingle0.08mt KA single0.25rt A single0.25rt KA single0.03mt K
exposure. exposure. exposure. exposure. exposure.

Populationof Interest and
ExposureScenario:
Non-User

Women of child bearing ageon-users*andindividuals ofmultiple agegroupsthat
areexposedo indirect -BPexposuresy beingin the rest of the house.

Health Effectsof Concern,
Concentrationand Time
Duration

b 2 v m/ Healt EféttsDecreased live litter sizgr) (WIL Research,

2001)°

1.b 2 Yy m/ HagdbdBaNiksor Pointof Departures (PODsR4rt KHEE10 ppm
CanceHealthEffects Cancerisksfollowing acute exposuresere not

estimated. Relationshigs not known betweenasingled K 2 NJiexpossindy
1-BPandthe inductionof cancerin humans.

Uncertainty Factors(UF)used
inb 2 y 1t/ IMgr@roNd
Exposurg MOE)calculations

(UR=1)x (UR= 10) X (UR=10) X (UR=1)® =100

Total UF=BenchmarkliOE=100

Notes:

2EFAST/CENrovidedi K §

sameroomwith the user.

%)t is assumedho substantiabuildup of1-BPin the body betweenexposureeventsdueto 1-BRQ a
* EPA/OPPBelievesthat the usersof theseproducts arggenerallyadults,but teenagersandevenchildrenmaybe usersor be in the

! Theriskassessmerfor acute exposurefcusedon themostsensitivelife stage inhumanswhich iswomenof childbearingage
andfetus(i.e., pregnantuser) dueto concerngor developmentakffects.
aqutaeXpddureestimate and theHECsvere adjusted to 24rs.

DRE2KIZ I A @2 hourk)l

® Theriskassessmerfor acute exposurefcusedon developmentatoxicity effectsasthe mostsensitivehealth effect when
comparedto other potential acuteeffects(i.e.,neurotoxicity).
® Urs=subchronido chronicUF; Uk=interspecies) F:UR=intraspecied) F;UR=LOAEL tIOAEIUF
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Table4-3 Use Scenarios, Populations of Interest and Toxicologiradpoints for Assessingccupational

RisksFollowing Chronic Exposu

rés 1-BPUsed In $ray Adhesives, Dry Cleaningnd Degreaisig

Populationsand Toxicological
Approach

OccupationalUseScenarioof 1-BP atCommercialFacilities
IncludingSray Adhesives Dry Aeaning, andDegreasing

Populationof Interestand
ExposureScenario:
Users

IAdult worker (>16 years old} exposed tal-BPfor the entirey T K NJ & 2 NJ
260days per year fod0 working years.

Populationof Interestand
ExposureScenario:
Occupational Norusers

IAdult worker (>16 years old¥ repeatedly exposed to indired:BPexposuresy
being in the same work area of building

Health Effectsof Concern,
Concentrationand Time
Duration

b2y mn/ I yOSNJ

1. b2y nOlFl yOSN) KSIFIfGK STFFSOoaay !
adverseeffects in liver, kidney, nervous systeraproductive system
and developmental effects

b2ymn/ FyOSNI I | T“I- NR @I f dzSa
POD (i.e8mKNJ | 9/ SELINBaaSR Ay
domain.SeeTable3-4.

NI

2Nt 2A

LILIYO 4

Cancer
1. Cancer health effects: Possible cancer effectiénungfrom chronic

exposure(NTP, 2011
2. Cancer Inhalation Unit Risk (IURX 102 per ppm

UncertaintyFactor UF)Used
inb 2 y 1t/ IMgr@rHNJ
Exposure(MOE)calculations

{ G dA&héSYy R LI2 A Y WRsaSelT abke3F4A O

Notes:

! Adultworkers(>16yearsold)inclu

2Theriskassessmenfor chronic ex
humanswhicharewomenof O K
kidney,etc.), healthyfemale orm

deboth healthy femaleand maleworkers.

posurefor developmental effects focused dhe most sensitivelife stagein

A £ R 1o &ridiedusyi.g., preghdhtworker). Forother health effects (e.gljver,
aleworkers wereassumedo be the populationof interest.

Acuteor chronicMOEgMOEute O MOEnroni Were usedin this assessmento estimatenonrt

cancerrisksusingequation4-1.

Equation4-19 |j dzk G A 2 y
of Exposures

L ERpo k> -

Where:
MOE =
Hazard value (PO

G2 [/ I RickdzZEoHowiBgcbiteoy GhtohidZx@oSuxeEdJsing Margin

S0 gt dler 40P u Ok ¢

£II|= ﬂ0D+ﬂ=.-D VO >-

Margin of exposure (unitless)
HEC (ppm)
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Human Exposure= Exposure estimate (in ppm) from occupational or consumer
SELI&adNB | 445SaaYSyiod 15/ a8 6SNB
risks and acute concentrations were dsr acute risks (see
sections2.1.2through2.1.7).

EPA/OPPiUisedmarginof exposure{MOES)' to estimateacute or chronicisksfor nontcancer
basedonthe following:

1. thelowestHECsvithin eachhealth effectsdomainreportedin the literature;

2. the endpoint/studyspecificUFsapplied to the HECs per the EBAidancqU.S. EPA, 2002
and

3. the exposureestimatescalculatedior 1-BPusesexaminedn this riskassessmenfsee
Sectior? Exposure Assessmént

MOEsallow forthe presentation ofa rangeof riskestimates.The @cupational exposure
scenarioonsideredooth acuteand chronic exposuresAll consumer uses consigl only acute
exposure scenariofifferent adverseendpointswere usedbasedon the expectedexposure
durations.Fornonrcancereffects,risksfor developmentakffectswere evaluatedfor acute
(shortiterm) exposuresywhereasrisksfor other adverseeffects(toxicityto the liver, kidney,
nervoussystem developmental effectsandthe reproductivesystem)were evaluatedfor
repeated (chronic)exposuredo 1-BP.

For occupational exposure calculations, the 8 hr TWA was used to calculate M@Q$ls for
estimates foracute and chroniexposures

Thetotal UFfor eachnonrcancerPODwasthe benchmarkMOEusedto interpret the MOErisk
estimatesfor eachusescenario. TheMOEestimatewasinterpreted ashuman healthriskif the
MOEestimatewaslessthan the benchmarkMOE(i.e. thetotal UF).Onthe other hand,the
MOEestimateindicatednegligibleconcerndor adversehumanhealth effectsif the MOE
estimateexceededhe benchmarkMOE . Typicallythe largerthe MOE the more unlikely it is
that a nonrcanceradverseeffect would occur.

Risk estimates were calculated for all of the studies per health effects domain that EPA/OPPT
considered suitable for the risk evaluation of acute and chronic exposure sceinghesvork plan
riskassessmenfor 1-BP

Addedcancerrisksfor repeatedexposurego 1-BPwere estimatedusingEquation4-2.
Estimatesf addedcancerrisksshouldbe interpreted asthe incrementalprobability ofan
individual developingcancerover alifetime asa resultof exposureto the potential carcinogen
(i.e., incrementalor addedindividuallifetime cancerrisk).

11 Marginof ExposurdMOE)E0 b 2 Yy T O |y QaublP GO} (HlimadRExposure)Equationd-1. Thebenchmark
MOE iausedto interpret the MOEsand consists afhe total UFshownin Table3-4. SeeSectior4.1for an explanation
of the benchmarkMOE.
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Equation4-2 Equation to Calculaté&ddedCancer Risks

Risk= Addedcancer risk (unitless)
Human exposure Exposuresstimate(LADGn ppm)from occupationakxposureassessment
IUR= Inhalationunit risk (3 x 10 per ppm)

HOOFFeme VO kg
Where:

4.2 RISK ESTIMATION FOR ACUTE, NGBIANCER INHALATION
EXPOSURES

Nonttancerrisk estimatesfor acuteinhalationexposurego 1-BPwere derivedfor both
occupationakcenariosand corsumeruses Cancerriskestimatesfor acuteinhalationexposuregso
1-BPwere not derivedfor occupational occonsumer uses becausiee published methodology for
extrapolating cancer risks from chronic to sht@tm exposures to mutagenic carcinogens caveat
that extrapolation of lifetime theoreticaddedcancer risks to single exposures has great

uncertainty (NRC, 2001

Therisk assessment facute inhalatiorexposuresised developmental toxicity data to evaluate

the risksassociatedollowing acute exposuresith the TSCA use scenarioentified for 2BP

under the scope of this assessmentda A Y RA OF 4§ SR LINBugpbrswsgicf € = 9t ! Qa
developmental studies to evaluate the risks of acute exposureis. policy is based on the

presumption that a single exposute a chemicatiuringa critical window of development may

produce adverse developmental effe¢ts.S. EPA, 1991Thus, EPA/OPPT basedkitsite risk

assessment on developmental toxicitye(,decreased livditter size), the lowest HE@entified

for anacute exposure duratioQ/NVIL Research, 200which is representative @& sensitive
subpopulation(i.e., adult women of chilebearing age antheir offspring)

Therisk assessment facuteexposuresised the hazard value from th{@VIL Research, 20p1
two-generation repoductive toxicity studyto evaluate risk$or each occupational and
consumer exposurecenario

EPA/OPPT chosefimcus on thehigh-end acute exposure estimates talculate norcancer rsks
(MOESs) for theccupational95" percentile)and consume(90" percentile)populatiors. Nor
canceracuteMOE calculations for the 5Qpercentile(central tendencygxposureestimatesare
provided in the supplementaExcekpreadsheéef. Non-cancer rislestimatesfor acute
occupationakexposurescenarios are presentad Table4-4 through Table4-14 below. Risk
estimates were calculatefr all of the occupationakexposurescenariosdescribed irSection2.1.
Non-cancer risk estimatef®r acuteconsumerexposure scenarios are presentedlable4-15.

Rsks werdadentified for most of theacuteoccupationakexposure scenario@iserand
occupational noruseralike) even with the use oéngineering controlspostEC), with few
exceptions These exceptions inclug@stECMOE values for the vapor degreasing (monitoring

120 §§ | GidF OKSR Supplnentdl File-BRi MoECESdR MOE Risk Estimates f & E ¢ ®
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and modelinglata forthe occupational noruser, Table4-9 and Table4-10) and cold cleaning
(modeling data for both thevorker and occupational neaser, Table4-12) uses Similar findings
were noted for the 58 percentile exposure estimatés most casegsee supplemental Excel
spreaisheet?). For the 98¢ percentile exposure estimatedsks were identified for all dhe

acute inhalatiorconsumerexposure scenariod able4-15). For the 50" percentile exposure
estimates, risks were identified for all of the consumer exposure scenarios (user angeQn
except for the aerosol spray adhesive naser where the M@ was at the benchmark MOE of
100 (see supplemental Excel spreadshdetn all cases where risk was identified, MOE values
were approximatelyl to 2 ordersof magnitudebelow the benchmark MOE of 100

Table4-4 Non-Cancer Risk Estimates féicute Inhalation ExposureFollowingOccupationalUse of1-BP
in Spray Adhesives Based on Monitoring Data
Acute Exposur®5" PercentileEstimates

Acute | WORKEFRSPRAYER)OE | WORKERNONSPRAYEF] OCCUPATIONAL NQI$ER Benchmark
Health Effect, Endpoint and Stu¢ HEC MOE MOE MOE

(ppm) | PreEC PostEC PeEC | PostEC Pre EC PosteC_ |- 10tal UF)

DEVELOPMENTAL EFFEC

Decreased live litter sizejF 31 012 0.74 0.15 1.07 0.24 566 10
(WIL Research, 20p1 ) ' ' : : :

Notes: IMOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks an
denoted inbold.

Table4-5 Non-Cancer Risk Estimates féicute Inhalation ExposuieFollowingOccupationalUse of1l-BP
in Dry Cleaning Based on Monitoring Data

Acute Acute Exposure 95PercentileEstimates Benchmark
(Ppm) PreEC PreEC (= Total UF)

DEVELOPMENTAL EFFECTS

Decreased live litter sizeafF 31 0.62 1.50 100
IL Research, 20p1 ’ )

Notes:  *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold. i
hyte Y2yAG2NAY 3 RGN & OKE N ONE NI SRa & wS G NfSection2 1B Af 6t S F2NJ R

Table4-6 Non-Cancer Risk Estimates féicute Inhalation ExposureFollowingOccupationalUseof 1-BP
in Dry Cleanng Based orModeling

Acute Exposure 95PercentileEstimates
Acute WORKERS: MACHINH WORKERS: SPOT CLE&\] OCCUPATIONAL NON Benchmark

Health Effect, Endpoint and| HEC UNLOADING AND (NEARFIELDMOE USERS (FARELD) MOE
Study (ppm) FINISHING (NEAR (= Total UF)
FIELDYIOE
PreEC PostEC PreEC PostEC Pre EC PostEC

DEVELOPMENTAL EFFECT

Decreased live litter sizeqJF
(WiL Research, 20p1 | o+ | O 51 | 45 45 6.4 64 100

Notes:  MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

1B §S |GG OKSR Supplneitdl File-BRi NoECarSdR MOE Risk Estimates f & E ¢ ®
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Table4-7 Non-Cancer Risk Estimates féicute Inhalation ExposuieFollowingOccupationalUse ofl-BP
in SpotCleaningat Dry Cleaner8ased on Monitoring Data

Acute HEQ Acute Exposure 95PercentileEstimates Benchmark MOE
Health Effect, Endpoint and Study c(u em) WORKERIOE (= Total UF)
PP PreEC

DEVELOPMENTAL EFFECTS
Decreased live litter sizesfF 31 17.5 100

(WIL Research, 20p1

Notes:  *MOEs (HEC ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) ingitetetial health risks and are
denoted inbold.

Table4-8 Non-Cancer Risk Estimates féicute Inhalation ExposuieFollowingOccupationalUse of1l-BP
in Spot Cleaning abry CleaersBased orModeling

Acute Exposure 95PercentileEstimates

) Acute WORKERNEARFIELDMOE OCCUPATIONAL NQISERFARFIELDYIOE Benchmark
Health Effect, Endpoint and | HEC Pre EC Post EC with 909 Pre EC Post EC with 90% | MOE
Study (ppm) Efficiency Efficiency (= Total UF

DEVELOPMENTAL EFFECT|

Decreased live litter sizedF 31 3.28 32.8 8.2 82 100
IL Research, 20p1 ) ) '

Notes:  MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

Table4-9 Non-Cancer Risk Estimates féicute Inhalation ExposuieFollowingOccupationalUse ofl-BP
in Vapor Degreasing Based on Monitoring Data

Acute Exposure 95PercentileEstimates

Acute WORKERIOE OCCUPATIONAL NQNSERSIOE Benchmark
Health Effect, Endpoint and Study] HEC MOE
(ppm) PreEC PostEC PreEC PostEC (= TotalUF)

DEVELOPMENTAL EFFECTS
Decreased live litter sizeafF 31 0.65 3.69 6.33 1550 100
(WIL Research, 20p1 ' ' -

Notes:  *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

Table4-10 Non-Cancer Risk Estimates féicute Inhalation ExposureFollowingOccupationalUse of
1-BPin Vapor Degreasing Based on Modeling

Acute Exposure 95PercentileEstimates

Acute OCCUPATIONAL NQ@SERFARFIELD]Benchmark MO
Health Effect, Endpoint and| HEC WORKERNEARFIELDMOE VOE R (= Total UF)
Study (PPM) "preEC | PoStEC with | PostEC with| PreEQ PostEC with | PostEC with
90% Efficiency|98% Efficienc] 90% Efficiency] 98% Efficiency

DEVELOPMENTAL EFFECT

Decreased live litter sizeafF 31 1.21 12.1 61 3.30 33.0 165 100
(WIL Research, 20p1 ) ' ' '

Notes:  MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.
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Table4-11 Non-Cancer Risk Estimates féicute Inhalation ExposugFollowingOccupationalUse of
1-BP in ColdCleaning Based on Monitoring Data

Acute Exposure 95Percentile 1 Odzii § W2 KI G U
Acute HE . Benchmark MO
Health Effect, Endpoint and Study | (ppm) Estimates (= Total UF)
' WORKERIOE OCCUPATIONAIONUSEROE
PreEC PreEC

DEVELOPMENTAL EFFECTS
Decreased live litter sizeajF 31 0.66 11.92 100
WIL Research, 20p1 ) )

Notes:  !MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

Table4-12 Non-Cancer Risk Estimates féicute Inhalation ExposuieFollowingOccupationalUse of
1-BP inCold Cleaning Based on Modeling

Acute Exposure 95PercentileEstimates

Acute Benchmark
OCCUPATIONAL NQISERFARFIELD
Health Effect, Endpoint and HEC WORKERNEARFIELDVMOE MOE R ) MOE
Study (PPM) " pre EC[ Post EC with| Post EC witt] Pre EC| Post EC with| Post EC with| (= Total UF)
90% Efficiency98% Efficiend 90% Efficiency 98% Efficiency

DEVELOPMENTAL EFFEC]

Decreased live litter sizesfF | 31 4.0 40 198 10.8 108 538 100
(WIL Research, 20p1 ' '

Notes:  MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

Table4-13 Non-Cancer Risk Estimates féicute Inhalation ExposuigFollowingOccupationalUse of

1-BP in AerosoDegreasing Based on Monitoring Data
Acute HE( Acute Exposur®5" PercentileEstimates Benchmark MO
Health Effect, Endpoint and Study | (ppm) WORKERIOE (= Total UF)

Pre EC PostEC

DEVELOPMENTAL EFFECTS

Decreased live litter sizeijF 31 0.98 564 100
(WIL Research, 20p1 \ )

Notes: MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.

Table4-14 Non-Cancer Risk Estimates fécute Inhalation ExposureFollowingOccupationalUse of
1-BP inAerosol Degreasing Based on Modeling

Ac(ute ")'E Acute Exposure 95PercentileEstimates -
ppm OCCUPATIONAL N@SERFARFIELD Benchmar
Health Effect, Endpoint and WORKERNEARFIELDMOE MOE R MOE
Study Pre EC Post EC with 909 Pre EC Post EC with 904 (= Total UF)
Efficiency Efficiency

DEVELOPMENTAL EFFECT|
Decreased live litter sizefF 31 4 4 L L 00
IL Research, 20p1 .55 5.5 9. 9

Notes:  *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc
denoted inbold.
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Table4-15 Non-Cancer Risk Estimates fécute Inhalation Exposure Followin@onsumer Uses of-BP

PEER REVIEW DRABD NOT QUOTE OR CITE

AEROSOL SPRAY ADHH

AEROSOL SPOT REMO

AEROSOL SPRAY CLEANERS AND DEGREASERS

Benchmark MOJ

Health Effect Domain, JAcute HE MOE MOE ENGINE DEGREASER M BRAKE CLEANER MO|ELECTRONICS CLEANER; (= Total UF)
Endpoint and Study (ppm)* UseP Non-Usef UseP Non-Usef UseP Non-UseP UseP Non-UseP UserP Non-Usef
DEVELOPMENTAL EFFH
Decreased live litter sized}f 10 1.7 5 0.435 1.7 0.185 0.5 0.454 1.25 1.43 3.33 100
(VLE Research, 20p1
Notes:

* The acute consumerECs wre adjusted for 24 hour exposure (s&able3-1)
IMOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risksreotdcanelu#d.
2MOEs for the use categories can be extendedifi@rent age groups; however, EPA/OPPT believed the users of these products to be adults.

3All age categories (< 1 yrs2lyrs; 35 yrs; 610 yrs; 1115 yrs; 1620 yrs; and > 21 yrs)
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4.3 RISKESTIMATION FOR CHRONIC, NGBIANCER AND
CANCER INHALATION EXPOSURES

Nonrcancerand cancerriskestimatesfor chronic exposuresere only derived for occupational
scenariosinceconsumerexposuresvere not consideredchronicin nature.

4.3.1 . 1 1 z # ARisRsAo® Chronic Occupational Exposure Scenarios

EPA/OPPT estimatédey 2 y T O | vy &3$bdldteNvidchraénic exposures followintyBP
usein ray adhesive, dry cleaningnd degreasingpplications in the workplaceince 1BP
exposuremay beassociated with a variety @on-cancerhealth effects, this assessment
estimated risks for liver toxicity, kidney toxicitgproductive toxicity, developmental toxicity
and neurotoxicityfollowing chronic inhalation exposuseEPA/OPPT used the Hggecfic to
eachhealth effect domainfor calculatingisk estimatesNIOES). Non-cancer risk estimates for
chronic exposures fagachoccupationaluse scenari@ndthe lowest HECs faachhealth
effect domain ¢hown inTable3-4) are presentedelow (Table4-16 through Table4-26). Rsk
estimates forarange of health effectwere calculated(Seeexcelspreadsheeprovidedin the
supplementamaterials)

EPA/OPPT foced on the 93" percentile (highend)chronicexposure estimates to calculate
non-cancer isks (MOES) for occupational populations at rislkan-cancer MOE calculations

for the 50" percentile (central tendency) exposure estimates previded in a supplemental
Excebkpreadshee{See footnote 12) Monitoring data are presented foall occupational
exposurescenarios(i.e., spray adhesives, dry cleaning, spot cleaning, vapor degreasing, cold
cleaning and aerosol degreasingjodeling data are presented for all occupational exposure
scenarios excepipsay adesives

Spray Adhesives

Based on monitoring datfor the 50" (central tendencyind 95" (high-end) percentile
exposure estimatesmorkersand occupational nowisers(i.e., sprayes and non-sprayes) in
spray adhesive facilities shodeisks for # of the health effectsexaminedregardless of the
type of engineering controlgsed(Table4-16).

Dry Cleaningnd Spot Cleaning

Monitoring data forthe 50" and 93" percentile exposure estimates from dry cleaning facilities
reporting :BP use in maching$able4-17), andworkers using BPformulations whenspot
cleaning(Table4-19) showedrisks(to workers and occupational nemsers)for all of the health
effects examinedThe MOE fospot cleaning for liver ankidney toxicityin workers based on
monitoring datawasvery close to the benchmark MO84(75 and 79.10, respectivels. 100
Table4-19). Exposure data was only availalibe pre-EC scenarios.

Modeling data for dry cleaning facilities usin@® in machine§lable4-18) and spot cleaning
(Table4-20), showedrisksfor allhealth effectsexaminedin workers and occupatiwal non
users(pre-EQ. Riskgor neurologicabnd developmental effect®m workersremainedeven after
engineering controls were appliggostEC) For occupational nonsers (pos€C) for dry
cleaning and spot cleaning, thOE for developmental toxicityas very close tor slightly
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overthe benchmarkVIOE (8%nd 113, respectivelys. 100) The 50" percentile exposure
estimates for dry cleaning available for ge€ and posEC scenarios showed rgskr
neurologicaland developmental effect®m workers, but onlyrisks for neurologicaffectswere
identified for occupational norusers. The 50" percentile exposure estimat®r spot cleaning
(pre-ECshowed risk for neurologicaland developmental effectfor workersand occupational
norn-users).

VaporDegreasing

Monitoring data for vorkers using BP for vapor degreasirgipowedrisks forall health effects
examinedregardless of the type of engineering contra|gplied(Table4-21). Likewise,
occupational norusers in these facilities also shoavasks for alfive health effectsn the
absence o&ngineering controls (pr&C), but did noshowrisks when engineering controls
were appliedFor the 50" percentile exposure estimates, risks were shown famoéogical ad
developmental effects regardless of the availability of engineering controls for the wdrker
not for the occupational noruserwhen engineering controls were applied.

When using radeling data for workers and occupational nosers using-BP for vapor
degreasing, risks were shown for all five health effects in theg82escenariog &bled-22).
Likewise, risks were shown for workers and occupationalus®rs for neurological effects
regardless of the availability of engineering contrdlien engineering controls were applied,
the MOE for developmental toxicity for workers was very close td#rehmark MOE (84 vs.
100). No risks were shown for developmental effects in occupationalsers when
engineering controls were applied. For the'Sercentile exposure estimates, workers showed
risks for all health effects (prEC); for the occupati@l nontuser (preEC), risks for adverse
neurological and developmental effects were shown.

Cold Cleaning

Monitoring datafor 1-BP incold cleaningctivitiesshowed risks for each of the fiviealth
effectsexamined invorkers and occupational neasers(Table4-23). Datawas available only
for pre-EC scenariohe 50" percentile exposure estimates also showesks for alfive health
effects.

When using radeling dataworkers and occupational nemsersshowed risksfor adverse
neurologicakffectsregardless othe type ofengineering controlapplied(Table4-24). Norisks
were shown for developmental effects in either workers or occupationatusers when
engineering controls were appliedeitherworkersnor occupational norusers showd risks
for the remaining health effects when engineering controls were applibe 50" percentile
exposure estimates showed risks tafverseneurological ad developmental effects in
workers and occupational neasers before engineering controls were applied (E@)
Occupational noruserswithout engineering controls (pr&C) shaved risks for developmental
effects.

Aerosol Degreasing
Monitoring data forl-BPusein aerosol degreasing activities showesks foreach of the five
adversehealth effects in workersegardless othe type ofengineering controlapplied(Table
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4-25). Data was not available for occupational Resers. The(pre-EQ 50" percentile exposte
estimates for workers also showeisks foreach of the five adersehealth effectsexamined

Modeling data for BP use in aerosol degreasing activities showed risksddters and
occupational norusers for each of the five health effects examined-pf@{able4-26). Risk for
adverse neurological effects in workers and occupationalaserswere shownregardless of

the availability of engineering controls. Risks were shown for developmental effects in workers
even afterengineering controls were applied. No risks were shown for developmental effects in
occupational norusers when engineering controls were applied. For the-©3 50

percentile exposure estimates, risks were shown for adverse neurological and develapmen
effects in workers and occupational nosers.

Conclusions

Overall risks were observed across all of the uses in workersoaodpational norusersfor
both monitoring and modeling datia most casesHigh-end exposureg95" percentile)without
engneering controlsgre-EQ usng monitoringand modelinglatashowedrisks for workers and
occupational norusersfor allfive health effects in all the uses evaluat&bth monitoring data
and modeling exposure estimatshowedrisksfor adverse effectsmthe nervous system and
developmentat the highend (93" percentile) exposures for occupational nagers regardless
of the availability of engineering controls for most udesksvere reduced when engineering
controls were applied (pogEC)n only one usefor adverse effects on the nervous system;
vapor degreasing (monitoring data for occupational users).Risks were reduced when
engineering controls were applied (peSC) in only a few uses for adverse effects on
development. These included spdeaning at dry cleaning (modeling data for occupational
non-user); vapor degreasing (monitoring data for occupational-users; modeling data for
occupational norusers), cold cleaning (modeling data for workers and occupationalisers),
and aerosotlegreasing (modeling data for occupational ngsers). Furthermore, there are
risks for workers and occupational noisers for the central tendency exposurest{50
percentile) before engineering controls are applied (g@€) in all of the uses evaluated fo
adverse effects on the nervous system and development.
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Table4-16 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigrcupationalUse of
1-BP inSpray Adhesives Based on Monitoring Data

ChronicExposured5" Percentile Estimats

Chronig

Health Effect, Endpoint and HEC

WORKERSPRAYERJOE

MOE

WORKERNONSPRAYEI] OCCUPATIONAL NQISER

MOE

Benchmark
MOE

Study (bpm)

Pre EC

PostEC

PreEC

PostEC Pre EC PostEC

(= Total UF

LIVER
Increased hepatocellular
vacuolization

(WIL Research, 20p1

150

0.59

3.58

0.71

5.20 1.17 27.37

100

KIDNEY
Increased pelvic mineralizatio

(WIL Research, 20p1

140

0.55

3.34

0.66

4.85 1.09 25.55

100

REPRODUCTIVE SYSTEN
Decreasedeminal vesicle weig

(Ichihara et al., 2000b

53

0.21

1.26

0.25

1.84 0.41 9.67

100

DEVELOPMENTAL EFFEEC
Decreasedive litter size Fr)

(WIL Research, 20p1

43

0.17

1.08

0.20

1.49 0.33 7.85

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

0.10

0.60

0.12

0.87 0.19 4.56

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks anc

denoted inbold.

Table4-17 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigcupationalUse of
1-BP inDry CleanindMachinesBased on Monitoring Data

Health Effect, Endpoint and Stud

Chronic|

(ppm)

ChronicExposure 98 PercentileEstimates

HEC

WORKERIOE

OCCUPATIONAL NQISERIOE

PreEC

PreEC

Benchmark
MOE
(= Total UF)

LIVER
Increased hepatocellular vacuolizati

(WIL Research, 20p1

150

2.99

7.27

100

KIDNEY
Increased pelvic mineralization

(WIL Research, 20p1

140

2.79

6.78

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weight

(Ichihara et al., 2000b

53

1.06

2.57

100

DEVELOPMENTAL EFFECT
Decreasedive litter size )

(WIL Research, 20p1

43

0.86

2.08

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

0.50

1.21

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and

denoted inbold.
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Table4-18 Non-Cancer Risk Estimates f@hronic Inhalaion Exposures Followin@ccupationalUse of
1-BP inDry Cleaing MachinesBased orModeling

Acute Exposure 98 PercentileEstimates

Acute
HEC

(ppm)

Health Effect, Endpoint and
Study

WORKERS: MACHIN] WORKERS: SPOT CLEGNI
UNLOADING AND
FINISHING (NEAR

FIELDYIOE

(NEARFIELDMOE

OCCUPATIONAL N¢
USERS (FARELD)

Benchmark
MOE
(= Total UF

Pre EC

PostEC

Pre EC PostEC Pre EC

PostEC

LIVER
Increased hepatocellular
vacuolization
(WIL Research, 20p1

150

25

25

21.7 217 310

310

100

KIDNEY
Increased pelvic mineralizatior|

(WIL Research, 20p1

140

2.3

23

20.2 202 28.9

289

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weigh

(Ichihara et al., 2000b

53

0.9

9 7.7

77 110

110

100

DEVELOPMENTAL EFEEC]
Decreasedive litter size )

(WIL Research, 20p1

43

0.7

7 6.2

62 8.9

89

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

04

4 3.6

36 52

52

1,000

Notes:
denoted inbold.

IMOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks :

Table4-19 Non-Cancer Risk Estimates f@hronic Inhalation Exposes FollowingOccupationalUse of
1-BP in SpoCleaningat Dry Cleaner8ased on Monitoring Data

Health Effect, Endpoint and Study

Chronic Exposure 95PercentileEstimates

ChronicHE(

WORKERIOE

(ppm)

PreEC

Benchmark MOE
(= Total UF)

LIVER
Increased hepatocellular vacuolization

(WIL Research, 20p1

150

84.75

100

KIDNEY
Increased pelvic mineralization

(WIL Research, 20p1

140

79.10

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weight

(Ichihara et al., 2000b

53

29.94

100

DEVELOPMENTAL EFFECT
Decreasedive litter size Fr)

(WILResearch, 2001

43

24.29

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

14.12

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and

denoted inbold.
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Table4-20 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigrcupationalUseof
1-BPin Spot Cleaning aDry CleaersBased oriModeling

Health Effect, Endpoint and
Study

Chroni
HEC

(ppm)

Chronic Exposure 95PercentileEstimates

WORKERNEARFIELDMOE

OCCUPATIONAL NQI$ERFARFIELD)
MOE

Benchmark
MOE

Pre EC

Post EC with 90
Efficiency

Pre EC

Post EC with 90%

Efficiency

(= Total UH

LIVER
Increased hepatocellular
vacuolization

(WIL Research, 20p1

150

16

159 40

396

100

KIDNEY
Increased pelvic mineralization

(WIL Research, 20p1

140

15

148 37

369

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weigh

(Ichihara et al., 2000b

53

56 14

140

100

DEVELOPMENTAL EFFECT
Decreasedive litter size )

(WIL Research, 20p1

43

46 11

113

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

3

26 7

66

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and

denoted inbold.

Table4-21 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigcupationalUse of
1-BP inVapor Degreasing Based on Monitoring Data

Health Effect, Endpoint and Study

Chronic

HEC
(ppm)

Chronic Exposure 95PercentileEstimates

WORKERIOE

OCCUPATIONAL NQNSERSIOE

Pre EC

PostEC PreEC

PostEC

Benchmark
MOE
(= Total UF)

LIVER
Increased hepatocellular vacuolizatic

(WIL Research, 20p1

150

3.1

17.9 30.6

7500

100

KIDNEY
Increased pelvic mineralization

(WIL Research, 20p1

140

2.9

16.7 28.6

7000

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weight

(Ichihara et al., 2000b

53

11

6.3 10.8

2650

100

DEVELOPMENTAL EFFECT
Decreasedive litter size Fr)

(WIL Research, 20p1

43

0.9

5.1 8.8

2150

100

NERVOUS SYSTEM
Decreased traction time

Honma et al., 20

25

0.5

3.0 5.1

1250

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and

denoted inbold.
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Table4-22 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigcupationalUse of
1-BP inVapor Degreasing Based on Modeling

h Chronic Exposure 95PercentileEstimates hmark
Chroni Benchmar
OCCUPATIONAL NOMSERFARFIELD
Health Effect, Endpoint anq HEC WORKERNEARFIELDMOE MOE R ) MOE
Study (PPM) ["PreEC| PoStEC with | PostEC with] PreEC | PostEC with | PostEC with| (= Total UF)
98% Efficiency|90% Efficiend 98% Efficiency90% Efficienc|
LIVER
Increased hepatocellular
vacuolization 150 5.9 294 59 16 798 160 100
(WIL Research, 20p1
KIDNEY
Increased pelvic mineralizatiol 149 55 275 55 15 745 149 100
(WIL Research, 20p1 ’
REPRODUCTIVE SYSTEN
Decreasegeminal vesicle weig| g3 21 104 21 282 7 100
(Ichihara et al., 200Qb ’ 6 5
DEVELOPMENTAL EFFEC]
Decreasedive litter size Fr) 43 1.70 84 17 5.0 229 46 100
(WIL Research, 20p1 ) )
NERVOUS SYSTEM
Decreased traction time 25 1.0 49 10 3.0 133 27 1,000
(Honma et al., 2003 ) ' '

“Notes: IMOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks ar

denoted inbold.

Table4-23 Non-Cancer Risk Estimates f@hronic Inhalation Exposures Followi@gcupationalUse of
1-BP in ColdCleaning Based on Monitoring Data

Health Effect, Endpoint and Study

Chronic
HEC (pp

ChronicExposure 98 PercentileEstimates

WORKERIOE

OCCUPATIONAL NQISERMOE

PreEC

PreEC

Benchmark MO

(=Total UF)

LIVER
Increased hepatocellular vacuolizatior

(WIL Research, 20p1

150

3.20

57.69

100

KIDNEY
Increased pelvic mineralization

(WIL Research, 20p1

140

2.99

53.85

100

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weight

(Ichihara et al., 2000b

53

1.13

20.38

100

DEVELOPMENTAL EFEFECT
Decreasedive litter size F)

(WIL Research, 20p1

43

0.92

16.54

100

NERVOUS SYSTEM
Decreased traction time

(Honma et al., 2003

25

0.53

9.62

1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and

denoted inbold.
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Table4-24 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigrcupationalUse of
1-BP inCold Cleaning Based on Modeling

ChronicExposure 98 PercentileEstimates

Chroni Benchmark
OCCUPATIONAL NQISERFARFIELD,
Health Effect, Endpoint anq HEC WORKERNEARFIELDMOE MOE R ) MOE
Study (PPm) "Pre EQ Post EC with| Post EC wit] Pre EC| Post EC with| Post EC with| (= Total UF)
98% Efficiency90% Efficiend 98% Efficiency 90% Efficiency
LIVER

Increased hepatocellular

vacuolization 150 | 19 962 192 52 2604 521 100
IL Research, 20p1
KIDNEY
Increased pelvic mineralizatio| 140 18 897 179 49 2431 487 100

(WIL Research, 20p1

REPRODUCTIVE SYSTEN
Decreasedeminal vesicle weig| g3 7 340 68 18 920 184 100
(Ichihara et al., 2000b
DEVELOPMENTAL EFFEEC]
Decreasedive litter size ) 43 5.0 276 55 15.0 747 149 100

(WIL Research, 20p1

NERVOUS SYSTEM

Decreased traction time
(Honma et al., 2008 %130 160 32 9 434 87 1,000

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and
denoted inbold.

Table4-25 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigcupationalUse of
1-BP in AerosoDegreasing Based on Monitoring Data

Chronic ChronicExposure 98 percentile Estimate Benchmark MO
Health Effect, Endpoint and Study |HEC (ppn WORKERIOE (=Total UF)
Pre EC Post EC
LIVER
Increased hepatocellular vacuolizatiof  15q 4.75 27.27 100
(WIL Research, 20p1 ) ’
KIDNEY
Increased pelvic mineralization 140 4.44 25 45 100

(WIL Research, 20p1

REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weight 53 1.68 9.64 100
(Ichihara et al., 2000b ) )

DEVELOPMENTAL EFFECT

Decreasedive litter size k1) 43 1.36 7.82 100
(WIL Research, 20p1 ’ :

NERVOUS SYSTEM

Decreased traction time
25 0.79 4.55 1,000
(Honma et al., 2003

Notes:*MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and
denoted inbold.
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Table4-26 Non-Cancer Risk Estimates f@hronic Inhalation Exposures FollowigrcupationalUse of
1-BP inAerosol Degreasing Based on Modeling

Chronic ChronicExposure 95 percentile Estimate

HEC Benchmark
OCCUPATIONAL N@QSERFAR
Health Effect, Endpoint and| (ppm) WORKERNEARFIELDMOE FIELDYIOE R MOE

Study Pre EC Post EC with 909 Pre EC _ |Post EC with 90 (= Total UF)
Efficiency Efficiency

LIVER
Increased hepatocellular
vacuolization

(WILResearch, 2001
KIDNEY

Increased pelvic mineralization 140 21 206 41 409 100
(WIL Research, 20p1
REPRODUCTIVE SYSTEM
Decreasedeminal vesicle weigh g3 155 100
(Ichihara et al., 2000b 8.0 e <
DEVELOPMENTAL EFFEECT|
Decreasedive litter size f) 43 6.0 63 13 126 100
(WIL Research, 20p1 )
NERVOUS SYSTEM
Decreased traction time
25 4. 7 7 7 1,000
(Honma et al., 2003 0 3 3

Notes: *MOEs (HEC in ppm/exposure estimate in ppm) lower than the Benchmark MOE (Total UF) indicate potential health risks and
denoted inbold.

150 22 220 44 439 100

4.3.2 Cancer Risks for Occupational Scenarios

EPA/OPPT estimatelde addedcancer risksissociated with chronic exposures followih@P
use in pray adhesive, dry cleaning, and degreasing applications in the workplaeadded
cancerriskestimation for 2BP consisted ahultiplyingthe occupational scenarigpecific
estimates(i.e.,LADCjor both workersand occupational norusersby 9 t !imRaationunit
risk (lJUR) to estimate thaddedcancer riskAddedcancerriskswere expressedasnumberof
cancercasegper million. Figure4-1 through Figure4-11 presentthe incrementalindividual
lifetime cancenisksfor the 93" percentilefor exposurego 1-BPoccurringduringthe
occupationaluseof spray adhesivesapordegreasing, dry cleamg, cold cleaning, and aerosol
degreasingactivities Occupational exposure estimates for tb@" percentile/central
tendency as well as thentire suite of alculationsof cancerrisks(including estimates with
the 90% engineering control effectivenessg providedin the supplementaExcel
spreadsheét’.

It wasassumedhat the exposurefrequency(i.e., the amountof daysper yearfor workersor
occupational norusersexposedo 1-BP)was260daysper yearandthe occupational
exposureduration was40yearsovera 70ryearlifespan.lt isrecognizedhat theseexposure
assumptionsarelikely yieldingconservativecancerrisk estimates put EPA/OPPdoesnot
haveadditionalinformation for further refinement.

4 §S | GiaF OKSR Supplneitdl File-BRi Garficer Rigk EétimateE 4 E € @
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EPAtypicallyusesa benchmarlkcancerrisklevelbetween1x10* and 1x10° for determiningthe
acceptabilityof the cancerriskin apopulation.Sincethe benchmarkcancerrisklevelwill be
determinedduringriskmanagementthe occupationakstimates foraddedcancermriskwere
comparedto the benchmarkevelsof 104, 10° and 16 incremental oraddedindividual
lifetime risk. Thebenchmarkevelswere:

1. 1x10% the probability of1 chancein 1 million of anindividualdevelopingcancer

2. 1x10® the probability ofl chancein 100,0000f anindividualdevelopingcancer,
which isequivalentto 10 cancercasesn 1 million

3. 1x10% the probability of 1 chance in 10,000 of an indivictbeloping cancer,
which is equivalent to 108ancercasesn 1 million

All three benchmark cancer risk estimatesiafld','1x10" and 1x16 {and beyondwere
exceeded for all of theses in workers and occupational naeers for both monitoring and
modeling dataregardless of the type of engineering controls ¢uaad postEC) with only a
few exceptionsand only after engineering controls were applied (p&&) These included
vapor degreasing (monitoring data for occupational amersonly exceededLx10”®, Figure

4-6) and cold cleaning (modelintpta for occupational nomisersonly exceededl x10" PFigure
4-9). Basedon monitoring data, gray adhesiveshowed the greatest cancer risk, followed by
dry cleaning, cold cleaningapor degreasing, aerosol degreasing, and spot cleaning at dry
cleanersin most cases, benchmark cancer risk estimates were similar betweenamogi

and modeling within each use.

Figure4-1 Cancer Risk Estimates f@ccupationalUse of1-BP inSpray AdhesiveBased on Monitoring
Data

Pre-EC 95th Percentile Exposure Estimates Post-EC 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
WORKER WORKER
(SPRAYER) (SPRAYER)
WORKER WORKER
(NON-SPRAYER) (NON-SPRAYER)
OCCUPATIONAL OCCUPATIONAL
NON-USER NON-USER
0.1 10 1000 100000 0.1 10 1000 100000

excess risk per million excess risk per million
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Figure4-2 Cancer Risk Estimates f@ccupationalUse of1-BP in Dry Cleaning Based on Monitoring
Data

Pre-EC 95th Percentile Exposure Estimates
excess risk

1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
Workers

Occupational
non-users

I

0.1 10 1000 100000
excess risk per million

Figure4-3 Cancer Risk Estimates f@ccupationalUse of1-BP in Dry Cleaning Based on Modeling

Pre-EC 95th Percentile Exposure Estimates Post-EC 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0

Workers: Machine
Unloading and
Finishing
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Finishing

Workers: Spot
Cleaning

Workers: Spot
Cleaning

Occupational non-
users

Occupational non-
users

I

0.1 10 1000 100000 0.1 10 1000 100000
excess risk per million excess risk per million

Figure4-4 Cancer Risk Estimates for Occupational Uses-BPLlin Spot Cleaning at Dry Cleaners Based
on Monitoring Data

Pre-EC 95th Percentile Exposure Estimates
excess risk
1E-7 1E-6 1E-5 1E4 1E-3 1E-2 1E-1 1E+0

Workers

I

0.1 10 1000 100000
excess risk per million

Figure4-5 Cancer Risk Estimates for Occupatibttses of IBP in Spot Cleaning at Dry Cleaners Based

on Modeling
Pre-EC 95th Percentile Exposure Estimates Post-EC 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
Workers Workers
Occupational Occupational
non-users non-users
0.1 10 1000 100000 0.1 10 1000 100000
excess risk per million excess risk per million
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Figure4-6 Cancer Risk Estimates f@ccupationalUse of1-BP inVapor Degreasg Based on
Monitoring Data

Pre-EC 95th Percentile Exposure Estimates Post-EC 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
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Figure4-7 Cancer Risk Estimates f@ccupationalUse of1-BP inVapor Degreaisg Based orModeling

Pre-EC 95th Percentile Exposure Estimates Post-EC 98% 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0

Workers Workers

Occupational
non-users

Occupational
non-users

I

01 10 1000 100000 0.1 10 1000 100000
excess risk per million excess risk per million

Figure4-8 Cancer Risk Estimates for Occupatiokkde of1-BP in Cold Cleanirigased on Monitoring
Data

Pre-EC 95th Percentile Exposure Estimates
excess risk
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Figure4-9 Cancer Risk Estimates for Occupatioble of1-BP in Cold Cleaning Based on Modeling

Pre-EC 95th Percentile Exposure Estimates Post-EC 98% 95th Percentile Exposure Estimates
excess risk excess risk
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Figure4-10 Cancer Risk Estimates f@rccupationalUses of 1BP inAerosolDegreasindg@ased on
Monitoring Data

Pre-EC 95th Percentile Exposure Estimates
excess risk
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Figure4-11 Cancer Risk Estimates f@rccupationalUses of iBP inAerosolDegreasindgBased on

Modeling
Pre-EC 95th Percentile Exposure Estimates Post-EC 95th Percentile Exposure Estimates
excess risk excess risk
1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0 1E-7 1E-6 1E-5 1E-4 1E-3 1E-2 1E-1 1E+0
Workers Workers
Occupational Occupational
non-users non-users

0.1 10 1000 100000 0.1 10 1000 100000

excess risk per million excess risk per million

Addedcancer risks calculated for workers and occupationalusers exposed at the 95
percentile exceeded all identified cancer benchmarks (i.e.,"1x1n 10,000), 1x1®(1 in
100,000) and 1x1®(1 in 1,000,000)) in most of the use scenarios wat@d under the scope of
this assessment. In most cases a 1;08l0 exceedance of the 1 in 1,000,000 cancer risk
benchmark was observed (this corresponds to a cancer risk greater thari (or18 probability
of 1 in 1,000 that an exposed individual wi#lvelop cancer). It is important to note however,
that this value reflects thaddedlifetime cancer risk estimated for high end (i.e.f"95
percentile) exposures that occur over the assumed duration of an occupational life (i.e.

8 hours/day, 260 days/ymof 40 years of a 70 year lifespan). Although most occupational
exposure concentrations at the B(ercentile are about an order of magnitude lower than
those at the 9% percentile (Shown isection2), the associated risk estimates exceeded the 1
in 10,0 cancer benchmark (calculations of cancer risks at tHepg@centile are shown in the
supplemental excel file). The rangeamfdedcancer risks calculated for workers in each use
category are described below. Risk estimates are based on occupatiposiues values
derived from monitoring and modeling data (with and without engineering controls).

Spray AdhesiveBse inFoam QushionManufacturing:

For the occupational use of-BP in spray adhesives, the rangeadtled cancer risks in workers
(sprayers ad nonsprayers) exposed at the 9percentile was 5x18to 4x10* (Figure4-1). The
estimated number of workers potentially exposed in spray adhesive use ranged from 551 to
4,384 Table2-1). If the number of workers is roughly in the middle of the estimated range, i.e.,
about 2,000, and of those workers, 5 percent (100 workers) are exposed at theedéentile
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exposure concentration or higher for the assumed occupational durdtie. 8 hours/day,
260days/yr for 40 years of a 70 year lifespan), then 5 to 40 wonkerghave anincreased
cancerincidence

For the occupational use ofBP in spray adhesives, the'5fercentile estimated exposure
concentrations in workers (sprasgand norsprayers) were roughly-fvld lower than the 9%
percentile Table2-2). The range ofiddedcancer risks in workers exposed at thé"grcentile

was 3xD?to 2x10%. Theaddedcancer risks are lowén workers exposed at the $Qoercentile
however more workers are exposed at theSfercentile concentrationlf the estimated

number of workers is about 2,000 (as described above), and of those workers, half are assumed
to be exposed at the 30percentile exposure concentration or higher for the assumed
occupational duration (i.e. 8 hours/day, 260 days/yr fOryars of a 70 year lifespan), then 30

to 200 workeranayhave anincreasedcancerincidence

DegreasingJse(Vapor, Gold eaning andAerosol}

The range odddedcancer risks in workers withBP exposure at the 95percentile for vapor
degreasing wa8x10*to 8x10? (Figure4-6 and Figure4-7), for cold cleaning was 3x¥ao

8x102 (Figure4-8 andFigure4-9) and for aerosol degreasing was 110 1x10? (Figure4-10
andFigure4-11). The estimated number of workers @ottially exposed in vapategreasing
ranged from 3,245 to 16,224 &ble2-8), the number of workers potentially exposed in cold
cleaning were not estimatednd in aerosol degreasing ranged from 2,227 to 11,Tablg
2-13). If the number of workers is roughly in the middle of the estimated ranges, i.e., about
10,000for vapor degreasing an@l,000 for aerosol degreasingf, those workers, 5 percent (500
and 300 workers respectiyel are exposed at the 95percentile exposure concentration or
higher for the assumed occupational duratifre. 8hours/day, 260 days/yr for 40 years of a
70year lifespan)then <1 to 40 workerfor vapor degreasing and <1 tondrkersfor aerosol
degreasingmayhaveanincreasedcancerincidence

For the occupational use ofBP in degreasing, the 8@ercentile estimated exposure
concentrations in workers were roughly one order of magnitude lower than tiep@5centile
(Table2-9 through Table2-12, Table2-14, andTable2-15). The range chddedcancer risks in
workers with BP exposure at the 8Qoercentile forvapor degreasinworkers wa$x10° to
1x10?, for cold cleaning waand for aerosol degreasing were 4x1t® 2x102. Theadded

cancer risks are \er in workers exposed at the B(percentile however more workers are
exposed at the 50 percentile concentrationlf the numbers of workers potentially exposed are
about 10,000 for vapor degreasing and 6,0@8 described above), and of those workdrbalf
are exposed at the 30percentile exposure concentration or higher for the assumed
occupational duration (i.e. 8 hours/day, 288ys/yr for 40 years of a 70 year lifespan), then <1
to 50 workerdor vapor degreasing and cold cleanengd 1 to 60workers for aerosol
degreasingnayhave anncreasedcancerincidence

Dry Cleaning and Spot Cleanitfges:
For the occupational use ofBP in dry cleaning and spot cleaning, the rangadoedcancer
risks in workers with -BP exposure at the 95percentile was 1x16 to 1x10. The estimated
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number of workers potentially exposed in dry cleaning shops is B&til€2-3). If 5 percent
(41workers) are exposed at tH@5™" percentileexposure concentration or higher for the

assumed occupational duration (i.e. 8 hours/day, 260 days/yr for 40 years of a 70 year lifespan),
then <1 to 4 workersnayhave anincreasedcancerincidence

For the occupational use ofBP in drycleaning and spot cleaning, the'Spercentile estimated
exposure concentrations in workers were roughlyfaldl lower than the 9% percentile Table
2-4through Table2-7). The range afiddedcancer risks in workers exposed at thé"50
percentile was 3xd*to 5x102. Theaddedcancer risks are lower in workers exposed at thé 50
percentile however more workers are exposed at thé p@rcentile concentrationlf the

number of workers potentially exposed in dry cleaning shops is B2lil€2-3), and of those
workers if half are exposed at the Bpercentile exposure concentration or higher for the
assumed occupational duration (i.e. 8 hours/day, 8@9s/yr for 40 yars of a 70 year lifespan),
then <1 to 21 workersnayhave anincreasedcancerincidence

Overall, there are significant increased risks to developing cancer in workers if they are exposed
to 1-BPfor the assumed occupational duration (i.e. 8 hours/day, 260 days/yr for 40 years of a

70 year lifespan) at the concentrations estimated for Hpeay adhesivelry cleaning and

degreasing uses. While not included in the calculations above occupationaiseos also have
significant increased risks to developing cancer if they are expose@bfbr the assumed
occupational duration (i.e. 8 hours/day, 260 days/yr for 40 years of a 70 year lifespan) at the
concentrations estimated as shown by taddedcarcer risks irFigure4-1 through Figure4-11.

The cancer risk calculations dased on assumptions and have uncertainties such as the
exposure frequency of 260 days/year and 40 years of exposure ovey@arlifespan which

may produce conservative cancer risk estimates. The assumptions and uncertainties are further
explained in he following section.

4.4 ASSUMPTIONS ANIKEY SOURCES OF UNCERNTY

Thecharacterizatiorof variabilityand uncertainty iSundamental toany riskassessment.

Variabilityrefersto & (i #u® heterogeneityor diversityin characteristicsmongmembersof a
population(i.e.,A Yy i S NITA Yy RA @ ar RdahefindiddudbieriGAAYISA (08A0Y G NI MTA Y RA @
gl NR | @BIERA, BOREheriskassessmentvasdesignedo reflect critical sourcesof

variabilityto the extentallowedby availablemethodsand dataandgiventhe resourcesand

time available.

Onthe other hand,uncertaintyisa i K&of knowledgeaboutspecificvariables parameters,
models,or other factorst (U.S. EPA, 20Dandcanbe describedqualitativelyor quantitatively.
Uncertaintiesn the riskassessmentanraiseor lower the confidenceof the riskestimates.In
thisassessmenthe uncertainty analysialsoincluded adiscussiorof datagaps/limitations.

The nextsectiors describe theuncertainties and data gaps the exposurehazard/doset
responseandrisk characterization.
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44.1 Uncertainties and Limitations of the Occupational Exposure
Assessment

4.4.1.1 Variability
In the 2BP exposure assessmeBRA/OPPa&ddressed variability by applying a Monte Carlo
simulation to the vapor degreasing, cold cleaning, aerosol degreasing, and spot cleaning
scenarios. The Monte Carlo method is a stochastic technique for propagating variability through
a model.

EPA/OPPaddressed variability in the exposure models by identifying key model parameters to
FLILX @ | adlrdArAadAaAodort RAaONROdziAZzY GKIFG YFGKSY!
EPA/OPPdefined statistical distributions for parameters using documented statistica

variations where available.

4.4.1.2 Uncertainties and Limitations
Uncertainty ists t KS f I 01 2F (1y26fSR3IS | 02dzi aLISOAFAO O
T I O Gafd\eBinébe described qualitatively or quantitativélyS. EPA, 20D1The following
sections discuss uncertainties in each of the assesd#¥d dse scenarios.

44.1.2.1 Number of Workers
There are a numbesf uncertainties surrounding the estimated number of workers potentially
exposed to 1BP, as outlined below. Most are unlikely to result in a systematic underestimate or
overestimate, butould result in an inaccurate estimate. The exception is for abiiity to
estimate the percentage of workers in the degreasing application group uddi®yrather than
other solvents, which results in an overestimate of exposed workers.

CANBRGE . [{Q h9o{ SYLX2evYSyd RIGlF T2 Nvafableek Ay Rdz
the 3, 4, or 5digit NAICS level, rather than the fult&it NAICS level. This lack of granularity
could result in an overestimate of the number of exposed workers if soaigibNAICS are

included in the less granular BLS estimates batrt, in reality, likely to use solvents for the
assessed applications. EBRPTaddressed this issue by refining the OES estimates using total
employment data fronthe U.S/ S y &SUBBR012) (seeAppendix | However, this approach
assumes that the distribution of occupation types (SOC codes) in edigit IAICS is equal to

the distribution of occupation types at the parentdigit NAICS level. If the distribution of

workers in occupations with solvent exposutiffers from the overall distribution of workers in

each NAICS, then this approach will result in inaccuracy, but would be unlikely to systematically
either overestimate or underestimate the count of exposed workers.

Second, EF@PPT A 2 dzR 3 Y Sy ki iadustriésZrdpiesestéd HYONAICS codes) and

occupations (represented by SOC codes) are associated with degreasing, dry cleaning, and the

use of spray adhesives are based on/BPRTY & dzy RSNRA Gl YRAY 3 2F K26 a2
each industry. Designatiors which industries and occupations have potential exposures is
nevertheless subjective, and some industries/occupations with few exposures might
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erroneously be included, or some industries/occupations with exposures might erroneously be
excluded. This wdd result in inaccuracy, but would be unlikely to systematically either
overestimate or underestimate the count of exposed workers.

Finally, theaccuracy oéstimates of the percentage of workers usin@R instead of other
chemicals could fail to captukdther the market penetration or any changes in market
penetration over time. The estimates for dry cleaning and spray adhesive applications are
based on the EPA market repo(ts.S. EPA, 2013b), but these single point estimates might
not fully or accurately capture-BP use.

C2NJ RSAINBlFaAy3ds 9t! khtt¢ NETSHMBYOITGE®t ! Q& 2 2 N.
determine the NAICS industry sectors where solvent degreasing may occur. However, it should

be noted that degreasing is not an indusspecific activity. Many of these industries do not

perform degreasing as a primary part of their mess; some facilities within the degreasing

NAICS codes may not perform degreasing at all. Therefore, using a broad range of NAICS codes
likely overestimate the number of workers and occupational-qusers. Additionally, there is a

lack of data on the preatence of 1BP use in solvent degreasing. TherefoRAOPPT

presented the total number of workers in the industry/occupation combinations uenyg

solvents rather than just-BP. Thidikely results in an overestimate of the number of exposed

workers (ge Appendix [

44.1.2.2 Analysis of Exposure Monitoring Data
This report uses existing worker exposure monitoring data to assess exposuBPtaldring
spray adhesive, vapor degreasing, aerosol degreasing, cold cleaning, dry cleaning, and spot
cleaning appllcatlons To analyze the exposure d&& GPPT categonzee:hch PBZ data point
Fa SAGKSNI ouz:2 NJ Sl\uzaEN\EJGmZLO}(D[ Bty @AyRtyihE dyeR igto
GLWB S yR/ ELRAEYFNA2ad ¢KS OFGSI2NAT FGA2ya N
activity and engineering control as provided in literature ahd!EQdgment. Some data
sources, such as the OSHA IMIS, lack detailseoworker activity and presence of ventilation.
Where information is not availablePE(OPPTassumed no specific engineering controls are
AYLE SYSYGSR YR OF (SARANRESEYHKE2RGE & | & LIN

¥ 1

The analysis combines exposure data from multiple saurthe aggregated data show a
distribution of exposure levels at multiple facilities. It should be noted that the environmental
conditions and engineering controls likely differ from facility to facility. The representativeness
of the exposure levels anthé engineering controls used at these facilities has not been
evaluated. For each-BP use, the facilities included in the g€ and posEC scenario may also
differ. Therefore, the aggregated exposure data should not be used to calculate the engineering
control effectiveness; rather, any such calculation should be done on the faeugy The post

EC exposure levels presented in this report represent a snapshot of possible exposure levels
when engineering controls are implemented.

Exposures for occupainal norrusers can vary substantially. Most data sources do not
suf]‘iciently describe the proximity of these employees to thBFL exposure source. As such,
SELIRadz2NE f SOSta TRAMSNES Ok CA&INEG MAY It Ky BYSE KA 3
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on the specific work activity performedt.is pos§ible that some employees categorized as
G200dzLJ Gde2 YME KI2S SELIRAdzZNBAE AAYAT NI G2 GK2aS
on their specific work activity pattern.

Some data sources may be inherentigded. For example, NIOSH HHES for the spray adhesive

use were conducted to address conceragarding adverse humamealth effectsreported

following 1-BPexposure with spray adhesiwese infurniture manufacturing Two HHES were

requested by the North Galina Department of Labor; one was conducted in response to a
O2YyFTARSYUALFf NBIldzSad adzooYAGGSR o6& GKS FIFOAtAG
OSHA inspections, which also may be the result of worker complaints, and may provide

exposure resulf that are generally more conservative thiswe industry average.

There are limited exposure monitoring data in literature for cold cleaning and forcdeaning.

Where there are few data points available, it is unlikely the results will be representdtive

worker exposure across the industAdditionally, there is uncertainty as to whether the
SELRA&dzZNE Y2y AG2NAY3I RIGFE LINBaAaSYGiSR F2N O02fR O
interest, or whether they are associated with other types of degreasiuipenent.

The 9% and 50" percentile exposure concentrations were calculated using available data. The
95" percentile exposure concentration is intended to represent a fgigt exposure level,

while the 50" percentile exposure concentration represertiypical exposure level. The
underlying distribution of the data, and the representativeness of the available data, are not
known.

EPA/OPPT calculated ADC and LADC values assumghgad exposure duration of 260 days
per year over 40 years. Thissunes the workers and occupational naisers are regularly
exposed during their entire working lifetime, which likely results in an overestinhadeziduals
may change jobs during the course of their career such that they are no longer expos&dPto 1
and that actual ADC and LADC values become lower than the estimates presented.

4.4.1.2.3 Near-Field / Far -Field Model Framework
Because the nedield / far-field approach applies to all of the workplaces modeled, the
following describe uncertainties and simplifying assumptions generally associated with this
modeling approach:

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

1 The model assumese nearfield and farfield are each well mixed, such that each of
these zones can be approximated by a single, average concentration.
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1 All of the emissions from the facility are assumed to enter the 1lieddl zone. This
assumption will overestimate exposures and riskgacilities where some of the
emissions do not enter the airspaces relevant to the worker exposure modeling.

1 The exposure models are actually modeling airborne concentrations. Exposures are
calculated by assuming the workers spend the entire activitg iimeach of their
respective exposure zones (i.e., the worker in the near field and the occupational non
user in the far field). Since vapor and cold degreasing involve automated processes, a
worker may actually walk away from the ndald during part é the process and return
when itistime to unload the degreaser. As such, assuming the worker is exposed at the
nearfield concentration for the entire worker activity duration may result in an
overexposure.

1 For certain 1BP applications (e.g. vapor degsing and spot cleaningBP vapor is
assumed to be emitted continuously while the equipment operates, with a constant
vapor generation ratelt is possible that actual vapor generation will vary with time
However, small time variability in vapor geagon isunlikely to have a large impact in
the exposure estimates as exposures are calculated as aweighted average.

1 The exposure models represemibdel workplace settingor each 1BP application (e.g.
vapor degreasing, cold cleaning, dry cleanitg). While monitoring studies were used
to determine appropriate model input values during model development, it should be
noted that the models have not been regressed or fitted with monitoring data.
Therefore, the model results do not represent spiedécilities being monitored.

1 The models represent a baseline scenario that do not have LEV. EPA/OPPT does not
have adequate data to construct LEV systems into the exposure models. Additionally,
there is no data on the fraction of U.S. facilities thaé LWEVAWhat-A F ¢ @n f dzS a
engineering control effectiveness are applied to the model baseline to providegidst
scenarios These values were obtained by reviewing statements made in published
literature regarding potential emission or exposure reductiafter implementation of
engineering control or equipment substitution.

Each subsequent section below discuss uncertainties associated with the individual model.

441.2.4 Vapor Degreasing and Cold Cleaning Model
The vapor degreasing and cold cleaning assessnugeta neaffield / far-field approach to
model worker exposure. In additido the uncertainties described aboythe vapor degreasing
and cold cleaninghodelshave the following uncertainties:

1 The indoor air speed is based Baldwin and Maynar@L998 measurementsat a
variety of workplaces (e.g. industrial facilities, office, schools, etc.). The range of indoor
wind speed at degreasing facilities may be more narrow than the range of values
measured by Baldwin and Maynard.

1 To estimate vapor generation rate for v@pdegreasingEPA/OPPileferences a ‘BP
emission factor developed by CARB for the California Solvent Cleaning Emissions
Inventories(CARB, 2091¢ KS SYA &daAz2y FlLOG2NI Aa |y | @SN
dSaINBlFaAy3I¢é¢ OFGSIA2NE F2NI GKS / EAFT2NYAL Tl
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includesbatchloaded vapor degreaser, aerosol surface preparation process, and
aerosol cleaning procesBor the purpose of modelingPB/OPP&ssumes the -BP
emission factois entirely attributed to vapor degreasing applicatiombe
representativeness of the emission factor for vapor degreasing emissions in other
geographic locations within the U.S. is uncertain.

The CARB emission factor covers batch degreasing unit@doWCARB does not

further specify whether these are opdop vapor degreasers, enclosed, or other types

of batch degreaser&£PA/OPPassumes the emission factor is representative of apen
top vapor degreaser, as it is the most common design for batdis.uniaddition,
EPA/OPPB&ssumes that the surveyed facilities likely switched to usiBg Llan

alternative, nonHAP solvent, as a way of complying with Federal and State regulations
for HAP halogenated solvents (i.e., chemical substitution, rather tijaipeent

changes).

The CARB emission factor, in the unit of pound per emplygee, was developed for

the purpose of estimating annual emissions. These types of emission factor typically
reflect the amount of solvent lost / emitted, some of which may hetrelevant to

worker exposure. For example;BP emitted and captured through a stack may not
result in worker exposurelherefore, assuming all of theBP is emitted into the
workplace air may result in overestimating of exposumneaddition, the use foan annual
emission factor does not capture time variability of emissions. The approach assumes a
constant emission rate over a set number of operating hours, while actual emissions and
worker exposures will vary as a function of time and worker activity.
EPA/OPPTombines the CARB emission factor with nationwide Economic Census
employment data across 78 NAICS industry sector codes. It should be noted that vapor
degreasing is not an industgpecific operation. Only a subset of facilities within the 78
selected indistry sectors are expected to operate vapor degreasers. Therefore, the
industry-average employment data may not be representative of the actual number of
employees at vapor degreasing facilities.

To estimate worker exposure during cold cleanif@AFOPP &pplied an emission
reduction factor to the vapor degreasing model by comparing th&2Bmission

factors for the two applications. The AR emission factors are dated. Furthermore, the
cold cleaning model results have not been validated with actual raong data.

Both models assume the equipment operates two hours per day. The value was derived
from the 2001 CEB Generic ScenariafierUse oVapor Degreasef&RG, 2001 Actual
worker exposure will increase as the hoofsquipment operation increases.

The exposure models assuriat exposures are zero outside of the degreasing hours
per day. However, even if a worker were to completely remove the sourt.eBéf
emissions at the conclusion of a task, residisBPwould remain in the air and decay to
zero as the ventilation replaces the contaminated air with clearEdA/OPPa@ssumes

the workers andbccupational norusers remove themselves from the contaminated

near- and farfield zones at the conclusion of the taskich that they are no longer
exposed to the residual airborne concentrations. Note that this assumption does not
apply to aerosol degreasing, where the task continues for seven hours of theheight
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work day.EPA/OPP®nly assumes there are no exposucesing the first hour as the
workers prepare for the aerosol degreasing task.

1 The model assumes an exposure reduction of 90 percent with engineering control and
98 percent with equipment substitution based on two studies. In reality, engineering
controls and their effectiveness are sigpecific, and the representativeness of these
studies is not known.

44125 Aerosol Degreasing Model
The aerosol degreasing assessment also uses afieédfar-field approach to model worker
exposure. Uncertainties and limitatiomsth the nearfield/far-field model have been described
previously. Additional uncertainties associated with the aerosol degreasing scenario are
presented below:

1 The model references indoor air speed measurements fronBédwin and Maynard
(1999 study, which covers a variety of workplaces (e.g. industrial facilities, office,
schools, etc.). The variability in wind speed contributes to a wide range of exposure
levels; actual wind speed at aerosol degreasing facilities may be less variable than the
data set presented in Baldwin and Maynard.

1 The model assumes the worker applies the aerosol degreaser once per hour with seven
applications in an eigktour work day. In reality, the application frequency will vary
depending on the workload at each fatgil

1 The model assumes an application amount of 27.5 grams of degreaser per application.
This value is based on a 2014 literature study for general degreasing applidatiens
cleaning); it is uncertain whether this value is representative of a typaraksal
degreasing facilityB?A/OPPBssumes the amount per application is not chemical
specific. The actual application amount will depend on the specific work practice and
surface area to be cleaned.

1 Information on engineering control effectiveness wan found for this workplace
setting. The posgC scenario referenc®¥gadden et al.(1989), which estimates 90
percent LEV effectiveness for an opep vapor degreaser. The applichty of this
value to the aerosol degreasing model has not been demonstrated.

44.1.2.6 Dry Cleaning Model
The multizone dry cleaning model also uses a riégd/far-field approach. Uncertainties and
limitations with the neadfield/far-field model have been desbed previously. Additional
uncertainties associated with the dry cleaning scenario are presented below:

1 The modeteferences indoor air speed measurements from Baddwin and Maynard
(1999 study, which covera variety of workplaces (e.g. industrial facilities, office,
schools, etc.). The variability in wind speed contributes to a wide range of exposure
levels; actual wind speed at dry cleaning facilities may be less variable than the data set
presented in Balwin and Maynard.

Pagel46o0f 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=3045135
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3051984
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3045135

PEER REVIEW DRABPD NOT QUOTE OR CITE

1 The modebssumes each facility only has one dry cleaning machine, cleaning one to
fourteen loads of garments per day. While the dry cleaning facilities in Blando et al.
(2010 and NIOSKR010 appear to only have one machine, the representativeness of
these two studies is not known. Larger facilities are likely to have more machines, which
couldresult in additional 1BP exposures.

1 The model conservatively uses a hemispherical volume based on the dry cleaning
machine door diameter as the neéeld for machine unloading. The small ndeid
volume results in a large spike in concentration whea tiiachine door is opened,
where any residual-BP solvent is assumed to be instantaneously released into the
nearfield. In reality, the residual solvent will likely be released continuously over a
period of time. In addition, the worker may move aroundilwhunloading the garments,
ddzOK GKI G GKS 62N] SNR& oNBIGKAYy3 1T2yS gAff
throughout the duration of this activityTherefore, these assumptions may result in an
overestimate of worker exposure during machine unloading.

1 Many of the model input parameters were obtained frguon Grote et al., 208), which
is a German study. Aspects of the U.S. dry cleaning facilities may differ from German
facilities.However, it is not known whether the use of German data will undeover
estimate exposure.

1 Information on engineering control effectivenesaswmnot found for this workplace
setting. The posEC scenario references Wamtdet al.(1989), which estimates 90
percent LEV effectiveness for an op@ep vapor degreaser. This ua may not be
conservative, as it is uncertain whether engineering control at dry cleaning facilities
could achieve 90 percent exposure reduction.

1 EPA/OPPT assumed dry cleaning shops operate twelve hours a day, and individual
employees work eighbour shifts. The model exposures are therefore calculatedtas 8
TWA. In some cases, owners of small dry cleaning shops may be present at the shop
longer than a typical eighhour shift, and could have a longer exposure duration.
Therefore, theuse of & NJ ¢ 2! @I f dzSa A& y2i -GIEELBOIBW (2
conservative exposure estimate.

44127 Spot Cleaning Model
The spot cleaning assessment also uses afiedffar-field approach to model worker
exposure. Uncertainties and limitations with the ndaaid/far-field model have been described
previously Additional uncertainties associated with the spot cleaning scenario are presented
below:

1 The model referaces indoor air speed measurements from B&dwin and Maynard
(1999 study, which covers a variety of workplaces (e.g. industrial facilities, office,
schools, etc.). The variability in wind speed contributes to a wide range of exposure
levels; actual wind speed at dry cleaning facilities may be less vattalehe data set
presented in Baldwin and Maynard.

1 The model estimates a use rate of 16 gallons per year spot cleaner. This value was
derived using a MADEP case study for one specific dry cleaner in Massachusetts,
handling 100 pieces of garments per dMADEP noted that the size of each dry cleaner
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can vary substantially. As such, the spot cleaner use rate will also vary by the individual
facility work load.

Information on engineering control effectiveness was not found for this workplace setting. The
post-EC scenario referenc¥gadden et al.(1989), which estimates 90 percent LEV

effectiveness for an opetop vapor degreaser. This value may not be conservative, as it is
uncertainwhether engineering control at dry cleaning facilities could achieve 90 percent
exposure reduction.

4.4.2 Uncertainties of the Consumer Exposure Assessment
Due to the absence of indoor air monitoring data from consumer useR®®, the EPA used
modeling based o experimental data, survey information and a number of assumptions to
estimate indoor air concentrations resulting from the useohsumer spray adhesivesgrosol
spot removers and aerosoleaners and degreasetdse of anodeling approacho estimate
indoor air concentration has a number of limitatioras detailed below

44.2.1 Consumer Use Information
Although EPA/OPPT fousdmeinformation aboutl-BPproductsintended for consumer use,
there is some general uncertainty regarding the nature argknt ofthe consumer use af-BP
for the productswithin the scope of this assessmeithe model inputfor the useprofile was
derived froman older products surveyWestat, 1987, therebyintroducing uncertainty as to
the relevance for current consumer settings whepray adhesivespot removersor aerosol
cleaners and degaserscontaining 1BPmay be used. EPA/OPPT considers the assumptions
used for the model exposure scenartosbereasonable, butecognizes that these assumptions
may not reflect actuaturrentusage patterns or use conditions in consumer settings.
Consequently, the limited data and variable results associated with different exposure
scenarios, when used to extrapolate to consumer inhalation risk characterization, have
associated uncertainty.

4.4.2.2 Model Assumptions and Input Parameters
There is a higlilegee of confidence in the consumer product weight fractions identified for the
consumer products evaluated in this assessment. Also, there is a medium to high degree of
confidence in certain modeling inputs to the CEM model, including vapor pressaleguar
weight, room volumes, whole house volume, air exchange rate, body weighinhaldtion
rate. Thereareno chamber data available for the products modeled in the exposure
assessmenthus CEMwvas used to calculatdhe mass ofl-BPentering the room ofise by
relying on data from @aper that studied the emission rates of solvefitam a surfacgDTIC
DLA, 198} Theconsumer usedescribed in this assessmenith higher weight fraction BP
result in onlyl-BPbeing on the surface shese usedit well into the Chinn data sehoweverif
the producthas a significant fractioather components tis may affect theevaporation rate of
1-BP, This introduces unctainty and a further discussion of this issu@iievided inAppendix
L
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4.4.2.3 Conversion of Acute Dose Rates to Air Concentrations
. S0l dzaS GKS 9 natpytséorexpodure to ¥he RS &ind bystander scenarios are
NBL2ZNISR Ay Wakdeedsay b koRverdtlieselvdiues to air concentrations (ppm)
in order to performthey 2 y mOF YOSNJ  aaSaavYSyidiod ¢KAa O2y OSNE/
and thereforeml @ 2 GSNIJt 2NJ dzy RSNISadGAYIl G§S SELR adzNBaod

4.4.3 Uncertainties in the Hazard and $ 1 OA Z 2 A @&éssn@ilks
4.43.1 Uncertainties and Assumptions inthe . T T Z# ATAROOAT $1T OAzZ
Response Assessments

9t ! k h tiskab€essmenteliedon the hazardvalues(i.e.,HECs{ilerived in this evaluation.
Thesehazardvalueswere usedto estimate acuteand chronicrisksto varioushealth effects
following :BPexposurerelatedto specificl-BPuses.

There are severalncertaintiesinherentto the data and theassumptionsisedto supportthe
derivation ofthe acute andchronicnonrcancerPODdor different health effectsdomains.
Belowis a summaryof the major uncertaintiesaffectingthe norrcancer hazard/doseesponse
approachused forthis assessmentHowever, the key endpoints identified in this assessement
(liver toxicity, kidney toxicity, reproductive/developmental toxicity, neurotoxicity, and cgncer
showed a strength of eviden@mong the studies in the databak® consistency, sensitivity,
and rdevance.

The uncertainties in hazard and dose response assessment are predicated on assumptions of
relevancy of cancer and nazancer findings in rodents being relevant to humans.

Decreased live litter size was selected as an endpoint to evaluate ssksiated with acute
exposures to BP. Although the developmental toxicity studies included repeated exposures,
EPA/OPPT considered evidence that a single exposure to a toxic substance can result in adverse
developmental effects, described yan Raaij et al., 2003as relevant to 1BP.

Although there is evidence of biological effects in both the fetus and neonate, there are
uncertainties in extrapolating doses for these lifestages. It ikknotvn if 2BP or its

metabolites are transferred to the pups via lactation. It is possible that the doses reaching the
fetus and the neonate are similar and that thededtages are equally sensitive; howeuérs

also possible that one lifestage is rea@ensitive than the other or that internal doses are
different. Additional data would be needed to refine dose estimates for the fetus and pups and
to determine if there are specific windows of sensitivity.

Neurotoxicity produced by-BP are based on redt and human literature, with considerable
similarities in both qualitative and quantitative outcomes. In the human and rodent literature,

the most consistent responses are symptoms of frank neurotoxicity occurring at high exposures,
with effects that areprogressive at repeated exposures to low concentrations. In humans, the
reports of effects in factory workers with lower exposures are limited by questions regarding
exposurecharacterization as well as measurement techniques, sensitivity, and anatysis: f
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these reasons the data are not sufficiently robust for quantitative expesesponse function.
On the other hand, the findings of decreased peripheral nerve function are supported by
parallel measures in several rodent studies.

Protection of DifferentLifestages and SubpopulationEPA also is interested in the impact of
1-BP on other lifestages and subpopulations. Consideration of other lifestages, such as male
and nonpregnant female workers in the occupational environment, children in the home
environment would require using an alternative POD based on systemic toxicity, instead of
using the POD based on developmental toxicity. Other endpoints associated with systemic
toxicity generally had higher human equivalesincentrationghan those associatedith
developmental toxicity. Therefore EPA assumed that margins of exposure for pregnant women
would also be protective of other lifestages.

While it is anticipated that there may be differentiaBP metabolism based on lifestage;
currently there are nalata available, theref@the impact of this cannot be quantified.

Similarly, while it is known that there may be genetic differences that influence CYP2E1
metabolic capacity, there may also be other metabolizing enzymes that are functional and
impact vuherability. There is insufficient data to quantify these differences for risk assessment
purposes.

Heterogeneity among humans is an uncertainty associated with extrapolating the derived PODs
to a diverse human population. One component of human varialgitgxicokineticsuch as
variations in CYP2Ehd glutathione transferasactivity in humangArakawa et al., 2012

Trafalis et al., 20)@vhichare involved in BP metabolism in humanEPA did not have the
chemical specific information on susceptible human populationghe distribution of

susceptibiliy in the general population to decrease or increase the default intraspecieftJF
toxicodynamic variability of 3. As such, EPA used an intraspecied WF-for the risk

assessment.

Uncertaintiesin the acuteandchronichazardvaluesstemfrom the following sources:

b 2 ¥ 1t O haya@$aNés(e.g.,NOAELY. OAELEBMD): PODswere identifiedfrom the
animalstudiesthat were suitablefor dosatesponseanalysisTheprocesof identifyingPODs
for varioushealth effectsdomains involvedhe evaluationof the strengthsand limitations of
the dataandthe weightof evidencefor a particularhealth effectsdomainbefore supporting
anassociatiorbetweenl1-BPexposureandvarioushumanhealth effects. The selectedPODs
values(e.g.,NOAELLOAEbr BMD)dependon the currentavailable dataand couldchangeas
additionalstudiesare published

Also,whenselectinga BMDasa PODthe selectionof the benchmarkdoseresponsg BMR)
(e.q0.,1%,5%o0r 10%level)directly affectsthe calculationof the BMD.Thereare uncertainties
relatedto the BMRssincetheir selectiondepends orscientificjudgmentson the statistical
andbiologicalcharacteristic®f the datasetand how the BMDswill befinally used.
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In addition,there are uncertainties abouie appropriatedoseresponsemodelusedto
generatethe BMDs However theseuncertaintiesshouldbe minimalif the chosenmodel fits
well the observablerangeof the data,asdiscussedn EPABenchmark Dose Technical
Guidance

1. Durationadjustmentto continuousexposure: Most of the PODsausedto deriveHECs
camefrom studiesthat did not exposeanimalsor humansto 1-BPon a continuousbasis.
These PODserethen mathematicallyadjustedto reflect equivalent continuous
exposuregdaily doses) ovehe studyexposureperiod under the assumptiothat the
effectsarerelatedto concentrationx time (Cxt), independent otthe daily (or weekly)
exposureregimen(U.S. EPA, 2011However the validity of thisassumptions generally
unknown,and, if there are doseartate effects,the assumptiornof Cx t equivalencewould
tend to biasthe PODdownwards(U.S. EPA, 2011A singleexposureto 1-BPat a critical
window of fetal developmentmayproduce adversedevelopmentakffects(U.S. EPA,
2011). Thiswasassumedo be a healthprotective approach and no duration
adjustment was performed for adverse developmental outcomes.

2. Extrapolationof repeateddosedevelopmentaleffectsto acutescenarios: Thereare
uncertaintiesrelatedto whetherdevelopmentakffectsobservedn developmental
toxicity studiesmayresultfrom asingleexposureto 1-BP, In this assessmenthe acute
risk assessmenuisedthe hazardvaluefor decreases in litter size from tHi{g/IL Research,
2001 two-generation reproductive toxicity studidowever EPA policy is basedh the
presumption that a single exposure to a chemical during a critical window of development
may be sufficient to produce adverse developmental toxicity.

,,,,,,

4.4.3.2 Uncertainties and Assumptions in the Cancer( AUAOAT $1T OAZ
Response Assessments

For cancer hazardssessment, the major uncertainty is whether the mechanism/mode of
action of 2BP carcinogenesis should be considered menéggenotoxic or nongenotoxid.he
uncertainty arose mainly because of the equivocal results of the Ames tests complicated by the
high volatility of 2BP. Despite focusing solely on tests using desiccators or closed systems, the
equivocality remains as both positive and negative data were reported. To circumvent the
problem, EPA/OPPT used the weight of eviderp@@ach using relatedest data:(a)
Genotoxicity tests of mammalian cellsBP caused mutations in cultured mammalian cells with
or without metabolic activation and DNA damage in cultured human cells without metabolic
activation. There was also limited evidence of DNA danmaggukocytes in -BRexposed
workers. (b) Metabolic activation to mutagenic intermediates: Rodent metabolic studies have
indicated that IBP can be activated by CYP2EL1 to at least five mutagenic intermediates,
including two clearly mutagenic and carcinogechemicals, glycidol and propylene oxide.
Glycidol has been shown to induce tumors in intestines, one of the carcinogenic targeBof 1
There is evidence that humans have CYP2EL in lung and similar metabolic pathweyB f@s 1
rodents (c) Multiplidy of cancer targets of-BP: In general, chemical carcinogens that induce
cancer in more than one animal species and in multiple targets tend to act via mutagenic
mechanism/mode of action.-BP has been shown to induce a variety of tumors in rats and
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mice. (d) StructureActivity Relationship (SAR) consideratiofBR is a low M.W. alkyl bromide

that is generally known to be a good alkylating agent. In faBfPIas been shown to bind to

DNA in vitro. Bromoethane andldromobutane, two of the closest anaje of 21BP, were both
reported to give positive results in the Ames test when tested in closed systems. (e) Other
possible mechanism of action: Besides genotoxicity, at least three other possible mechanisms
oxidative stress, immunosuppression, and cedlliferationt have been suggested by the NTP
(2013. These mechanisms can act synergistically to complete the-stafje process of
carcinogenesidiVhile there is residual uncertainty in the mechanism/mode of action fBP1
carcinogenesis,werall, the totality of the availale data/information support a justifiable basis

to support a probable mutagenic mode of action feBR carcinogenesis.

While a mutagenic mode of action of action may be assumed to be operative at least in part for
the carcinogenicityf 1-BP the defaultinear extrapolation method for doseesponse is used.

For the cancer doseesponse assessment uncertainties exist arising from the animal to human
extrapolation in the derivation of the IUR. A source of uncertainty is the cancer model used to
estimate thePOD for the IUR derivatiomhe POD was based om@adelaveraging approacto

fit the bioassay data for lung tumors. Althoutiie modelaveragefit the data alternate model
selectionscan alg fit the data A sensitivity analysisomparirg reasonablealternate model
choicesfound similar PODs therefore the impact of selecting between alternative models
results in similar [IURs

4.4.4 Uncertainties in the Risk Assessment

Thenonrcanceracuteor chronicriskswere expressedn termsof MOEs.MOEsare obtained
by comparingthe hazardvalues(i.e., HEClpr various1-BRrelated health effects with the
exposureconcentrationgor the specificusescenariosGiventhat the MOEisthe ratio of the
hazardvaluedivided bythe exposurethe confidencein the MOEsgsdirectly dependenton
the uncertaintiesin the hazard/dosetesponseand exposureassessmentthat supportedthe
hazardandexposureestimatesusedin the MOEcalculations.

Overall uncertainties in the exposuestimates used in the MOE calculations include
uncertainties in the exposure monitoring and modeliligthe occupationagxposure
monitoring data for workershe sites used to collectBPwere not selected randomly;
therefore, the reported data may not be representative of all occupational expasagearios.
The eposure modeling approachesed for both occupational and consumer scenarios
employed knowledgdased assumptions that may not apply to all occupatiomatl consumer
use scenarios.

ThebenchmarkMOEusedto evaluaterisksfor eachusescenariorepresents the product of
of allUFs usedor eachnonrtancerPOD These UFsaccountedfor variousuncertainties
including

1. ' YA YLl f mleRtragoldner(Yr): TheUR accountsfor the uncertaintiesin
extrapolatingfrom rodentsto humans.In the absenceof data, the default UF of 10is
adoptedwhichbreaksdownto afactor of 3 for toxicokineticvariabilityandafactor of3
for pharmacodynamiwariability. Thereisno PBPKnodelfor 1-BP toaccountfor the
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interspeciesextrapolationusingrodent pharmacokinetic datan orderto estimate
internaldosesfor a particulardosemetric.

2. Ly G S NIt AwdrRtor{WHR:dEhelUR, accountsfor the variationin sensitivitywithin
the humanpopulation. Inthe absenceof data, the default UR;of 10 isadoptedwhich
breaksdownto afactor of 3 for toxicokineticvariabilityand afactor of 3 for
pharmacodynamiwariability.Since here is no PBPiKodelfor 1-BP toreduce the
humantoxicokineti¢toxicodynamicvariability, the total UR of 10 was retained
Qualitative evidence exists from mechanistic information and population evidence for
burden of disease that metabolic disorders including diabetes, nutritional deficits and
smoking will predispose some of the population to greater risk for adverse geweltal
exacerbated by concurrentBP exposure.

3. Extrapolationfrom subchronicto chronic(UFs): TheUFsaccountdor the uncertaintyin
extrapolatingfrom a subchronido a chronicPOD. Typicallya UFsof 10 is usedo
extrapolatea PODfrom a lesgthantchronicstudyto a chronic exposureThe same is true
for adevelopmentatoxicity studybecausehe developmentaperiodisrecognizedasa
susceptibldife stagewhere exposureduring certaintime windowsis more relevantto the
inductionof developmentakffectsthan lifetime exposuregU.S. EPA, 199TThus,a UFsof
10 wasretainedfor all of the HECsliscussedntheh t t @isRaBsessment.

4. [ h! 9[ mi 2erttagolatidr] (UR): The UR accountsfor the uncertainty in
extrapolatingfrom aLOAELo a NOAEL. A valeé 10is the standardiefault Uk value,
althoughlower valuege.g.,3) canbeused ifthe effectis consideredaninimallyadverse
atthe LOAELr is an earlynarkerfor an adverseeffect (U.S. EPA, 200'ypicallyUR
rangingfrom 3 to 30(i.e.,3, 10, or 30) are usedn the HECs-orone of the reproductive
PODgYamada et al., 2003aUR valueof 10was used based on a minimally adverse
effect, which resulted in aotal UFof 1000.

The human populations considered in this risk assessmehide individuad of both sexes>(16
and older, including pregnafémaleg for occupational and consumer settingdthough
exposures to younger neasers may be possible, the margins of exposure calculated for
women of childbearing agare expected to be protective of this sensitive papulation.
Currently there is insufficient data regarding specific genetic anlif&stagedifferences that
could impact IBPmetabolism andoxicity for further refinement of the risk assessment.

Thechronicrisksfor the occupationakcenariosassumedhat the nonrcancerhumanhealth
effectsare constantfor a workinglifetime basedon the exposureassumptionsised inthe
occupationakxposureassessmentiowever the risks couldbe undermor overrestimated
dependingon the variations tothe exposureprofile ofthe workers andoccupationahon-users
usingl-BRAtontainingadhesives, dry cleaning asgdot cleaners, vapodegreasg, cold
cleaningandaerosoldegreasers

Confidence in the PBPK model predictions f@PLconcentrations in blood and tissuare
limited by the lack of comparison of model predictions with measured data. The PBPK model
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was further extended to simulate human exposures by scaling the physiological parameters to
humans, assuming the partition coefficients are the same in ratdhanthns and scaling
metabolic parameters by B¥. Cross species and route to route extrapolations with the

Garner et al(2015 model are precluded by the lack of data to inform a model of a species
other than rat and a route other than inhalation.

Theimpactof dermalexposureon humanhealth riskswasnot assesseth this assessmenfor
the consumerandoccupationakcenariosDermal exposure was not quantifiabéad could
not beaggregated with inhalation exposuresithough c&rmal exposures are possible
physicalchemical propertiege.g., volatility) in combination with data indicating dermal
uptake to be orders of magnitude lower than uptake by inhalationited toxicological data
for this route of exposure, and ravailabletoxicokinetic informatiorto develop
physiologicallypased pharmacokinetic models or rodie-route extrapolationsalllessen the
concern for the dermal route of exposuiexclusiorof anexposure assessment dérmaland
aggregateexposuresvould be epectedto underestimatethe overallrisksof the selectedl-BP
uses.However, hiswould only be anissueof concernin those exposurescenarioghat
resultedinada yi@Rh dindiag,especiallythosethat reported MOEscloseto the benchmark
MOE but still abovethe benchmark.

Asdiscussegreviously the estimates foraddedcanceriskwere basedon the assumptiorof
linearityin the relationshipbetween1-BPexposureand probability ofcancer.Uncertainties
areintroduced in the cancerriskswhenthere islimited information justifyingthe linear
cancerdosetesponsemodelwhencomparedto other availablemodels.In the caseof 1-BR,
the cancerlURwasbasedon reliabledata supportinga mutagenianode of actionfor at least
1-BPinducedlungtumors (NTP, 2011

4.5 RISK ASSESSMENTONCLUSIONS

Thisriskassessmentocusedon the occupationalusesof 1-BRAtontainingsprayadhesive, dry
cleaning, andlegreasing@ctivities and consumer uses akrosolspray adhesives and spot
removers, anderosoldegreasers/cleaner§ hepopulationof interest consistedof workers
and consumerswith direct (users)or indirect (occupational noruserg exposureto 1-BRP. Only
the inhalationroute of exposurewasconsideredn this riskassessmenfTheoccupationabnd
consumerexposure weregeneratedfor all ofthese 1-BPscenariogo derivenonrcancerand
cancerrisks.

MOEswere usedto evaluatenonrcancerrisksfor both acuteand chronicexposuresisingthe
hazardvaluesidentified in thisassessment. Hazax@luesbasedon the developmental
toxicity endpoint(WIL Research, 20DWvere usedto estimatenonrcancerrisksfor acute
exposuresn the occupationaland consumerscenariosNonrcancerrisksfor chronic
occupationakxposurescenariosvere evaluatedbased orhazardvaluesreported following
longrterm exposurdo 1-BP(i.e.,liver toxicity,kidneytoxicity, reproductive toxicity,
developmentatoxicity, and neurotoxicity)Note that minimalvariability (i.e., 3riold) exists
amongthe acuteandchronicnonrtancerhazardvalues(i.e., HEQ)sedin this assessment.
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Most of the acute exposure scenarios for occupational @odsumerusespresented risksbased
on concerndor adversedevelopmentakffectsthat may occuias a result oé singleexposure to
1-BPduringa criticalwindow of susceptibility Particularly jnhalation risks were identified for all
occupational and consumer acute exposure scenarios, withaofdywMOE values above the
benchmark MOE of 100 hese included th&0" percentileestimates for dry cleaning
(modeling posteC worker and pr&C occup#onal nonuser ) vapor degreasingr(onitoring
postEC occupational neaser), and cold cleaningr(odeling postEC occupational neuaser);
and for the 9%' percentile estimates for vapor degreasing (monitoring and modeling-BGst
occupational noruser) and cold cleaning (modeling peBIC occupational neaser)

Thereis a concernfor arangeof adversehumanhealth effectsother than cancerthat may
appearafter chronicexposuredo 1-BP during theccupationause ofl-BRtontaining spray
adhesivesdry cleaning, and degreasingt&ities. The greatesiconcernisfor nervous system
effects, followed bydevelopmentakffects(i.e.,decreased live litter sigeandthen reproductive
toxicity, kidney toxicity, and liver toxicityyith anoverallhigherriskfor the spray adhesive
exposure senarios.In general risks were observed across all of the uses in workers and
occupational norusers Highend (93" percentile)exposuregpre-EChad risks for workers and
occupational norusersfor all health effects in all the uses evaluated. Furthermore, there are
risks for adverse effects on the nervous system and development regardless of the tygé&of 1
exposure 50" percentilécentral tendencyor 95" percentilehigh-end) pre-ECn all the uses
evaluated. Occupationaon-usershad risks for adverse effects on the nervous system and
development athigh-end (93" percentiléhigh-end) exposures regardless of the availability of
engineering controls for most uses.

Cancerriskswere presentedasaddedlifetime risks,meaningthe the probability that an
individual will develop cancersaresultof occupationakxposureoveranormal lifetime of
70years.Addedlifetime cancermrisk estimatesfrom 1-BPexposurewere comparedto
benchmark cancetisklevek rangingfrom 10° to 10“. All of the spray adhesive exposure
scenariosising monitoring datexceededhe benchmarkcancerrisks of 10°°, 10°° and 10®
and in many cases exceeded the benchmark cancer risk8 loyders of magnituder his
analysigesultedin highermodeledincidencesf cancerin the commercialuse of spray
adhesives, vapor degreasing and cold cleaning, dry cleanirggansbl degreasing in
descending ordefThusthe greatestpotential for addedcancerriskcamefrom the
occupationakxposureso commerciabdhesive and vapor cold cleanithggreaser uses.
Furthermore higheraddedcancerrisk estimatesresultedfrom directuseof the adhesive and
degreasemwhen there was #ackof localexhaustventilationat the workplace.

Main Conclusions of this Risk Assessment

Most acute exposure scenarios for occupational andsumerusespresentd risksbasedon
concerndor adversedevelopmentakffectsthat may occuias a result o& singleexposure to
1-BPduringa critial window of susceptibility Particularly jnhalation risks were identified for all
occupational and consumer acute exposure scenarios, withaofdgywMOE values above the
benchmark MOE of 10@cceptable risk rangeThese includethe 50" percentileestimates for
dry cleaningrfodelingpost-ECworkerandpre-EC occupational neaser), vapor degreasing
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(monitoringpostECoccupational noruser), and cold cleaningr(odelingpost¢ECoccupational
non-user) and for the 9% percentile estimates for vapategreasingrfonitoring and modeling
post-ECoccupational noruser) and cold cleaningr{odelingpostECoccupational norusel).

There isaconcernfor arangeof adversehuman healtheffectsdue to chronic inhalation
exposures resulting from-BP use irspray adhesive, dry cleaning, and degreasing applications
Cancer and neurological effegtgpresent he greatest human healtboncern for chronic
exposure with the highestisks expectedor the spray adhesive occupational exposure
scenarioln generalrisks were observed across all uses in workers and occupationalsss.
Highend (9%" percentile/pre-EC) exposures (considered to represent exposure levels at the
baseline exposure condition) showed risks to workers and occupationalisens for all balth
effects and all use scenarios evaluated. Risks for adverse neurological and developmental
effects were apparent regardless of the type eBP exposure (30percentile/central tendency
or 95" percentile/highend) preEC for all the uses evaluatedccupational norusers showed
risks for adverse neurological and developmental effects with-bighexposures (95
percentile) regardless of the availability of engineering controls for most use scenarios.

Canceriskswere determinedasaddedlifetime cancerrisks, meaninghe probability that an
individual will develop cancersa resultof occupationakexposureoveranormal lifetime of
70years.Addedlifetime cancerrisk estimatesrom 1-BPexposurewere comparedto
benchmark cancetisk levelsof 10°, 10 and10™ (i.e., 1 in 10,000, 1 in 100,000 and 1 in
1,000,000. All of the spray adhesive exposuseenariogvaluated using monitoring data
exceeded the benchmark cancer risk levels by multiple orders of magnitude and were near or
abovethe cancerrisk of 107 (1 in 100) Thisanalysisshowedhigherestimatedcancer
incidences fopccupational exposures associated wettmmercialuse of 1BP in spray
adhesives, vapor degreasing, cold cleaning, dry cleaningeandol degreasing in descending
order. A geatercancer risk was observed with tisprayadhesive and degreasing (vapor, cold
cleaning) occupational exposure scenarios, withlighestrisksresultingfrom direct useof

1-BP containing spraadhesive andlegreasing formulations the absene of engineering
controls (e.g.localexhaustventilation)in the workplace.

EPA/OPPT estimated the population size for workers and occupationalsers at risk as:
1 Spray Adhesive4;503 to 11,952
1 Dry Cleaning and Spot Cleaning at Dry Cleadij0g8
1 Vapor Degreasingt, 712 to 23,558
1 Aerosol Degreasing., 466 to 12,329

At this time, there is not sufficient information to develop estimates of the number of workers
and occupational nowisers potentially exposed toBP during colgtleaning; however,he use
of 1-BP in this sector is expected to be minimal.

Also, at this time, there is not sufficient information to develop estimates of the populations for
consumers and nousers exposed to-BP during the use of aerosol spray adhesives, aerosol
spot ranovers, and aerosol cleaners and degreasers.
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In summary, the risk assessment showed the following risk findings:

There AreNon-CancerRisksldentified for Consumers as a Result of Acute ExposurkB#
from Use in Spray Adhesives, Spot Removers, and &eprs

A concern fomdversedevelopmentakffectswas identifiedfor all acute consumer exposure
scenariogi.e.,MOEswere belowthe benchmarkMOEof 100), with 2:BP use irmaerosol
spray cleaners and degreasestsowing the greatest risiRisks for most acute consumer
scenarios were -2 orders of magnitude below the benchmark MOE.

There AreNon-CancerRisksldentified for Workers as a Result of Acute Exposure #8H from
Occupational Use in Spray Adhesives, Dry Cleaning, and Degreap@@tidns.

A concern fononrtancerrisks(including risks to workers and occupational asers)was
identified forall but three acute occupationatxposure scenarigds.e., MOEs were below the
benchmark MOE of 100), witRBP use in spray adhesives simaythe greatest risk. Risks for most
acute occupational scenarios were brders of magnitude below the benchmark MOE.

There areNon-CancelRisksdentified for Workers as a Result of Chroiigposure to BP
from Occupational Use as a Spray Adhesidey Cleaning (including as a spot cleanexipd
Degreasing Operations (vapor, cold cleaning, and aerpsol

A concern for nortancer risks (including risks to workers and occupationalusens) was

identified for all chronic occupational exposure scenagisuatedoased on a rangef adverse
humanhealtheffects.ln general, higher risks were indicated for adverse neurological effects in
association with BBP use in spray adhesives.

All chronic occupational exposure scenarios presented risks for adveuselogical or
developmental effects in the absence of engineering controls-Eie

In many instances, occupational nasers with chronic higlend exposures (95percentile)
showed risks for adverse neurological effects regardless of the availability of engineering
controls.

Risks for nortancer effects following chronic occupational exposure (without engineering
controls) were 23 orders of magnitude below the hehmark MOE.

There areAddedCancemRisksldentified for Workers as a Result of Chrofigposure to IBP
from Occupational Use as a Spray Adhesive, Dry Cleaning (including as a spot c|eantkr)
Degreasing Operations (vapor, cold cleaning, and aerpsol

Addedcancer risksvere identified for workersand occupational norusers who may be exposed
as a result ofl-BP usen spray adhesivedry cleaning (including spot cleaning), and degreasing
operations (vapr, cold cleaning, and aerosol).

Cancer risk estimates exceedgdh 1,000 (exceeding all of the cancer risk benchmaoks)
all occupationaluse scenarios evaluated (workers and occupationalusers) based on
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monitoring and modeling estimates (regardless of the use of engineeringatsntwith
relatively few exceptionsl-BP use irspray adhesives presesd the greatestcancerrisk
concern.
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Appendix A MARKETINFORMATION

1-BP is a high production volume chemical (over 15 million Ib in 2011) used in numerous
solvent applications including neaserosol solvent cleaning, spray adhesives, and dry cleaning.
In the past, IBP was used as a solvent for fats, waxes, or resinssaad mtermediate in
pharmaceutical, insecticide, quaternary ammonium compound, flavor, and fragrance synthesis

(NTP, 201B

A-1 Production Volume

Therehasbeena tremendous change in production volurag1-BPfrom 1986 to 201%. The

reported production volume of-BP has steadily increas since 1986 as seenTiable_ ApXA-1.

1.t Q& dzaS Yl @& KI @S NBOSyidte AyONBIFaSR Ay Ylye
used as an alternative tozonedepleting substances arahlorinated solvents.-BP was

reported as used as a solvent for cleaning or degreasing fa2@h& CDRsummarized in EPA

(2013h).

Table_ApxA-1 Production Volume Data from 1986 to 201b$)
Chemical 1986 1990 1994 1998 2002 2006 2012

1-BP 10k<500K | 10Kk<500K| 500k<iM | 1M-<10M | 1M-<10M | 1M-<10M 15,348,727
Source EPA2013bH

Import volumes for 1BP reported to th&2012 CDRvere claimed confidential and are therefore
not publically available. Import data for the chemical from otheurses indicate that

10.9 million poundsof brominated derivatives of acyclic hydrocarbamsre imported into the

U.S. in 2007 which dropped i®.3million poundsin 2011(NTP, 2018 Import data for 1BP
Ff2yS 6SNB y20 €20FrGSRY YR GKSNBF2NBE GKS OF
KERNROINb2yaéeg AyOfdzRSa AYLRMNI. 92 dzvySa F2NJ O

A-2 Manufacturers

The most recentheollected EPA production informatiotine 2012 CDHRata, indicates two
companies that manufacture and three that imporBP in the United Statgs).S. EPA, 2013b
Table_Ap»A-2 containsa list of U.S.-BP manufacturers and importerSor the2012 CDRycle,
manufacturers (including importers) of substances on the TSCA inventory were required to
report information about those substances manufacturettiuding imported) in amounts of
25,000 Ib or more at a single site during calendar year 28dditional CDR information is
included inAppendix BAn industry eBmate of the price of iBP ranges from $40/gallon to

$64/gallon(TURI, 201

15 In CDR reporting periods prior to 2012, production volumes were reported in the public database in ranges
instead of a single value.
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Table_ApxA-2 CDR Manufacturers and Importers ofBPin 2011

Company City State | Manufacture | Import
Albemarle Corporation Magnolia AR Yes No
CBI CBI CBI Yes No
Dow Chemical Company Midland MI No Yes
ICL St. Louis MO No Yes
Special Materials Company| New York NY No Yes
Source:EPA2013b

The Hazardous Substances Data Bank also lists Diaz Chemical Corporation as a possible
manufacturer of the chemicdHSDR Other companies that have or are marketinggP solvent
blends include:

Petroferm;

M.G. Chemicals;

Albatross USA;

Alpha Metals;

Amity UK;

Enviro Tech International;

Poly Systems USA,;

Baker(NTRCERHR, 2003

= =4 =4 48 -8 -8 -9 -9

A-3 Degreasers

1-BP is primarily used as a vapor degreaser for cleaning optics electronics, plastics, and metals
(NTP, 201Band(NCDOL, 2023Theprevalenceof its useis partly due to its hig quality,

compatibility with many metals, low tendency to cause corrosion, and ability to be used in most
modern vapor degreasing equipmef€CE Consulting, 2004NEP, 2001 The vapor degreasing
sector is assumed to account for six to eight million poundsBPuse per yeq.S. EPA,

20079. The number of businesses in this use sector-BPLlis estimated at 500 to 2,500
businessegU.S. EPA, 200 &/apordegreasing products are estimated to contain between 80
and >95 percent-BP by weight.

The dominant solventsistorically used for vapor degreasing are methyl chloroform, methylene
chloride, and CRT13(TURI, 1996 However, both methyl chloroform and GEC3 were

phasedout in 1996 under the Momeal ProtocolAlong with methylene chloride, other popular

solvents currently used in the vapor degreasing industry are trichloroethylene and

perchloroethylene! & LJ NI 2F 9t ! Qa {AIYAFAOLIYydG bSg €4S
issued a final ruleni2007 determining -BP to be an acceptable substitute to methyl

chloroform and CRC13 in the solvent cleaning sector in industrial equipment for metals

cleaning, electronics cleaning, or precisad@aning(U.S. EPA, 20183dhe Brominated Solvents
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Consortium (BSOC) estimated thaBP may take over a large portiohthe methyl chloroform
market because of themiilar performance characteristics and prices of the chemi@¢iNEP,
200D).

In addition to vapor degreasing;BP is used inold cleaning which covers a wide variety of

machines or other cleaning processes. In vapor degreasing the solvent is heated to its boiling

point and then the component to be cleaned passes through the vapor. With cold cleaning,
evenifthesolventishéaSR | 62 @3S NRB2Y GSYLISNI ddzNB>X A0 yS@S
point. Components are dipped, sprayed, wiped or run through the solvent on an inline,

conveyor type machine. The current number of businesses usBfg ib cold cleaning is

unknown.

A-4 Spray Adhesives

1-BP adhesives are primarily used in foam cushion manufacturing and, to a lesser degree, for
laminates(NTP, 201Band (HSIA, 2010 Approximately one third of all foam cushion
manufacturers use-BP based glug&rbina, 2013 While 2BP is used in this industry, it is not

the primary chemical used in most spray adhesives due to cheaper solvents being able to fit the
same need. Some companies usBR instead of cheaper alternatives becauss iess

flammable, but larger companies in the foam cushion manufacturing industry will likely use a
less expensive, flammable solvent and add-fireofing. The adhesives sector is assumed to
account for five to seven million pounds oBP use per yedl).S. EPA, 200Y.br'he number of
businesses in this use sector 6BP is estimated to be betwed®0and280(U.S. EPA, 200)/c

Spray adhesive products are estimated to contain between 35 and 88 mpetBP by weight.

Global demand volume for adhesives and sealants increased by 2.8 percent in 2012 and was
expected to grow at a rate of 3.5 to 4 percent through 2(EBICA, 20)3Note that these

estimates do not necessarily pertain to solely spray adhesives. Methyl chloroform had been the
dominant adhesive before being phased out by the Montreal Protocol in (888ms, 2008
Alternatives to methyl chloroform include watdased adhesives and methylene chloride.
However, waterbased adhesives perform poorly and methylene chloride is subject to strict
OSHA TWA exposure limissdams, 2008 1-BP gained popularity as an alternative to both of
these options because it is ndlammable, fastdrying and works well in foasfabricating

formulations(Adams, 2008

In 2007, EPA proposed to lisBP as an unacceptable alternative to GBS and methyl
chloroform for adhesive solven{s.S. EPA, 201Bd&any in the industry have voluntarily

halted use of BP, including Protonique, Great Lakes, and Atdfinaina, 2013 Current
production and use data for-BP spray adhesives could not be found, most likely due to effects
of 9 t !'pfdposed rule.
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A-5 Aerosol Solvents

1-BP aerosol solventse often used to spot clean electrical or electronic equipment, aircraft
maintenance or synthetic fiber production (FR, 2007 as citéN TP, 2018 It may als be used
in asphalt productiofOSHA, 2003 An estimated 1,000 to 5,000 businesses us&Rbased
aerosol solvents in 2002).S. EPA, 200 Aerosol solvent produs are estimated to contain
between 10 and 100 percentBP by weight.

The Consumer Specialty Products Association (CSPA) conducted a survey of 29 member
businesses that useBRbased aerosol solvent products and estimated that 690,900 pounds of
aerosol slvents were sold by 8 companies per ygasPA, 2007CSPA acknowledged that
although this figure did @t represent the entire market, it did capture a significant portion of
1-BP industrial aerosol product€ A, 200Y. This figure was consistent with EPA estimates of
0.5-2 million pounds of ‘BP aerosols sold per ye@t.S. EPA, 20078. The Halogenated

Solvents Industry Association estimated in 2010 thaBR solvents in the U.S. were growing at a
rate of 15 to 20 percent per ye@SIA, 2010 Note that it is unclear whether this estimate

refers to just aerosol solvents, or all cleaning solvents (which would include vapor degreasing).

A-6 Dry Cleaning
One of themost commonly used-BP products in dry cleaning is DrySolv®. DrySolv® is a
mixture of EBP (>87 percent by weight) and nitromethane anddygylene oxide (<5 percent)
(Enviro Tech International, 20).3The product is manufactured by Enviro Té&dernational,
Inc., a small company with an estimated4® employees andnnualsales of $5 to $9.9 million
(IdeVw, 2013Thomasnet.com, 20)3DrySolv® evolved from EnSolv®BPldegreasing and
cleaning solvent used in various industries including aerospace, precision engineering, medical
equipment, and electronickChilders, 2008p Cl 6 NA a2t @Oun - [ £ YI ydzF I O dzNJ
is another 1BRbased dry cleaning solve(Roly Systems USA, 201Boly Systems USA is also a
small business, with estimated annual revenue of $1.7 mi(lidanta Media, 201h

At the end of 2007, the California Air Resources Board (CARB) passed the Airborne Toxic Control
Measure for Emissions of Perchloroethyddrom Dry Cleaning Operations (Dry Cleaning ATCM)

into law. The Drleaning ATCM requires péirchloroethylenedry cleaning facilities in

California with machines at e@sidential facilities to be removed by January 1, 2(28RB,

2009. The law also requirggerchloroethylenedry cleaning machines that are 15 years or older

to be removed by 2023. Literature provided to affected dry cleaning facilities by CARB listed

1-BP as one of the seven availaptrchloroethylenealternatives(CARB, 2009

It is estimated that only a small fractioff thhe 36,000 dry cleaning editbshments in the L&
(NIOSH, 20)2ise 1BP solvents. According to figures from the Oganing and Laundry
Institute (DLI) cited in 2009, only about 50 dry cleaning systems id.thare using DrySolv®
compared to 70 percent of the market that still uggrchloroethylene 27 pe&cent using
hydrocarbonand 2 percent using GreenEali¥ince, 2009 Findings from a survey conducted
aboutdry cleaning solvent systems in 2009 by AmerianDrycleaner.com revealed that 2.0
percent of respondents use DrySol@®urphy, 2009. Respodents reported usingther
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solventssuch agerchloroethyleng50.5 percent), higlilash point hydrocarbon (33.3 percent),
GreenEarth (11.1 percent), liquEld (2.0 percent), Solvair (1.0 percent), petroleum (14.1
percent), and GreenJet (2.0 perceiifurphy, 2009. The survey also polled respondents on

which solvent system they plan to use in the next dry cleaning machine they purchase. Only 4.1
percent of respondents indicated d@h the next solvent system they plan to use is DrySolv®
compared to 27.6 percent for higitash point hydrocarbons, 16.3 percent for

perchloroethylene 14.3 percent for GreenEarth, 11.2 percent for Solvair, 5.1 percent fer low
flash petroleum, and 4.fercent for liquid Ce(Murphy, 2009.

Overall,growth of the 2BP market is forecasted to be small according to ayear projection
by DLKVince, 200% The Institute also predicted that use p#rchlaoethyleneand liquid CQ
systems will decrease and that there will be moderate growth in the use of hydrocarbon
systems, Solvair, and GreenEarth. Use of wet cleamarsforecasted to grow from 2009 to

2014 (Vince, 200%

1-BP is considered a drap replacement foperchloroethylenan existing dry keaning
machinery(TURI, 201 Perchloroethylenehas historically been the standard dry cleaning
solvent due to its effectiveness, ease of use, and relatively low(€asRl, 201R Howeverdue

to human health and environmental concerassociated with perchloethyleng many states
have taken action to manageerchloroethylen® & dza S A y(U.BERA 20ip5 y Ay 3

A-7 Spot Cleaners

1-BP is used insome spot cleaner formulations in commercial dry cleaning businesses.
Commercial dry cleaners may spot clean garments both before andthétéiems are run
through the dry cleaning machine. WhileBP is in known formulations and currently used to a
certain degree within the dry cleaning industry, potential regulatory action
perchloroethylenecould increase the presence of8P in thisector.

A-8 Consumer Uses

EPA/OPPT searched tNéH Household Products Databagarious government and trade
association sourcg@ncluding Halogenated Solvents Industry Associa#@spciatiorof the
EuropeanAdhesive and Sealant Industry, and the National Toxicology Program refports)
products contaig 1-BP, company websites f&DSKirkOthmer Encyclopedia &hemical
Technologyand general internet searches. TREH Household Products Databasel Kirk
Othmer Encyclopedia @hemical Technologpntained no relevant information on consumer
products containing -BP. Through the other search means, EPA/Q@&#ilified a number of
products availabléo consumers which containBP.There may be other consumer products
containingl-BPwhich are available to consumers sinua all SDSs display a complete list of
chemical ingredientgherefore, some products may containBP butthis cannot be confirnad
by EPA. However, the availability of the proddotsnd with percent £BP by weht ranging
from 1to 100 raisedsufficientconcern within the Agency to include these uses in the Risk
Assessment.
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Table_ApxA-3 1-BP Consumer Use Products

% 1BP
Use Compan Product Source
pany (Wt%)
Maple Leaf Sales Il | KGrip 503 3560 %i‘ge Leaf Sales Il Inc.,
ITW TACC STAPUT SP4H Canister 3560 | (ITWInc., 201%
ACrosol Adhesive
Spray Chmcg Brand 751G 4060 (Choice Brand Adhesives,
Adhesive Adhesives 2010
Blair Rubber 9YRdAzZNI 0 2Y Ru -b 3 6085 (Blair Rubber Co.. 2011
Company NPB
: . (Satellite City Instant
Satellite City* NCF Accelerator 9899 Glues, 2015
Albatross USA Everblum Gold Cleaning Fluid 20-30 (Albatross USA Inc., 2015
EnviroTech DrySolv Spray Testing & >93 (Enviro Tech International,
Spotter 2013
Aerosol (Pettyjohn's Solutions
Spot PettyJohn's Solutiong Homerun Cleaning Fluid >96 2012\/' '
Remover e Sherwiniliams | SPRAYON LIGBDL® Food
Grade ULTREh w/ 9 un { 100 (Sherwin Williams, 2094
Company?
Solvent & Degreaser
ITW Pro Brands LPS Instant Super Degreaser 60-70 (ITW Pro Brands, 20}5
ITW Pro Brands LPS NoFlash Nu 60-70 (ITW Pro Brands, 20}4
ZEP, Inc Power Solv 5000 60-100 (ZEP, 2015
ACL, Inc Precision Rinse NS 65-75 (ACL Inc., 2024
ACrosol CRC Industries, Inc | Super Degreaser/Cleaner 90-100 (CRC Industries Inc., 2014
Spra CRC Ingstries, Inc Cable Clean RD 1-3 (CRC Industries Inc., 2015
Clegne)r/ or MRO Solutions 525 Contact Cleaner 47-84 (MRO Solutions, 20}5
Degreaser | Osborn E?Sj:et"gh Techgggetronic 50 (Osborn, 201%
ITW Chemtronic% ElectroWash NR 6575 (ITW Chemtronics, 2008
ITW Chemtronic% Kontact Restorer 65-75 (ITWChemtronics, 2012
EL 2846 NoiChlorinated Flash
Sprayon Free Electronic Solvent 96 (Sprayon Products, 20)4
Mold Flexbar Machine Epoxy Parfilm Paintable Mold 3565 (Flexbar Machine
Release | Corporation Release Corporation, 201p
Coin Amity International | Koinsolv >93 (Amity International, 2006
Cleaner
Refrigerant | Technical Chemical | W2 K y ®1@ifiBAC Flush
Flush Company Nonflammable >90 TCC, 2014
Lubricant Slide Products, Inc | Cutting Oik aerosol 10-20 (Slide Products Inc., 201p}
Slide Products, Inc | Cutting Oik; bulk 11 (Slide Products Inc., 201P4
Notes:

aTechnically, the NCF Accelerator is added to another spray adhesive to make it dry
more quickly.
®Not currently made by the manufacturer, but available on segondary market.
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Appendix B
1-BP

CHEMICAL DATAREPORTING RULE DATA FOR

9t 1201& Chemical Data Repmg (CDR)eported a 2BP production volume df5.4 milion

pounds.Albemarle Corporation and a CBI company reported domestic manufacturingef 1
(U.S. EPA, 201r®ow Chemical Company, Special Materials Company, and ICL reported
imports of :BP(U.S. EPA, 201pM®ata inTable_Ap»B-1 through Table_Ap»B-3 were extracted

from the 2012 CDR recor@d.S. EPA, 201pc

Table_ApxB-1 National Chemical Information for-BP from 2012 CDR

Production Volume (aggregate) 15.4 million pounds
Maximum Concentration (at manufacture or import site) >90%
Physical form(s) Liquid
Number of reasonably likely to be exposed industrial manufacturing, >1.000
processing, and use workers (aggregated)

Was industrial processing or usgormation reported? Yes

Was commercial or consumer use information reported? Yes

Table_ApxB-2 Summary of Industrial BP Uses from 2012 CDR

Industrial Sector
(Based on NAICS)

Industrial Function

Typeof Processing

Soap, Cleaning Compound,
and Toilet Preparation
Manufacturing

Solvents (for cleaning or
degreasing)

Processingepackaging

Soap, Cleaning Compound,
and Toilet Preparation

Manufacturing

Solvents (for cleaning or

degreasing)

Processingncorporation

Abbreviations: NAICSMorth American Industry Classification System

Table_ApxB-3 Commercial/Consumer Use Category Summafyl-BP

Commercial/Consumer
Product Category

Intendedfor Commercial
and/or Consumer Uses or Botl

Intended for Use in Children's
Products in Related Product

Products

Category
Cleaning and Furnishing Cai Commercial No
Products
Electrical and Electronic .
Commercial No
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STATE REGULATION®F1-BP

Table_ApxCG-1 State 2BP Regulations

State
California

California

California

Massachusetts

Massachusetts

Minnesota

New
Hampshire

Regulation

I AT 2N
Proposition 65
list for
developmental,
female and
male
reproductive
toxicity (Intent
to list for
cancer 7/10/15)
Proposed a
permissible
exposureimit
(PEL) at 5 ppm
as an éhr time-
weighted
average (TWA)
Biomonitoring
California
Designated
Chemicals

Toxic or
hazardous
substances list

Higher hazard
substances

Listed chemical
of high concern
(Development,
Reproduction)
Class llI
Regulated Toxic
Air Pollutants

Link or Reference

Stateof California Environmental Protection Agency Office
of Environmental Health Hazard Assessm@EHHA]
2015. OEHHA Proposition ®&%otice of Intent to List:
1-Bromopropane
http://oehha.ca.qov/prop65/CRNR_notices/admin_listing/
tent to list/NOILO710151bromopropane.html

Division of Occupational Safety and Health, Department
Industrial Relations, State of Califoriizd099. Permission
Exposure Limits for Chemical Contaminants.
http://www.dir.ca.gov/oshsb/airborne _contaminants09.htr
I

State of California Environmental Protection Agency Offic
of Environmental Health Hazard Assessment (CA EPA
OEHHA[ 2015 Biomonitoring California Designated
Chemicals

http://oehha.ca.gov/prop65/CRNR _notices/admin_listing/
tent_to _list/NOILO710151bromopropane.html
Massachusetts Exeative Office of Energy and Environmen
Affairs (2013) Massachusef?91 CMR 41.00: Toxic or
Hazardous Substances List
http://www.mass.qov/eea/docseealotal/tur -prog/cleantdi-
301-cmr-41.pdf

Massachusett&xecutive Office of Energy and Environmel
Affairs (2015) Designatiasf TURA Higher & Lower Hazard
Substances in Massachusetts, February 2015
http://www.mass.gov/eea/docs/eea/ota/programs/hhhs-
fact-sheetfinal-2015.pdf

Minnesota Department of Healtf2013 Chemicals of High
Concern list, July 1, 2013.
http://www.health.state.mn.us/divs/eh/hazardous/topics/t
oxfreekids/chclist/mdhchc2013.pdf

New Hampshire Department of Environmental Service
(2013 Regulated Toxic Air Pollutants, New Hampshire Cc
of Administrative Rules, CHAPTER-A1A¥00, Tabld4501,
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New Jersey

Pennsylvania

Rhode Island
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Ambient Air
Level (AAL)
2,096ng/m?3
(24 hours), 499
nmg/m? (Annual)
Right to Know
Hazardous
Substance List,
Special Health
Hazard
Substance List
(F3¢
Flammable
Third Degree)
Hazardous
Substance Lists

Toxic Air
Contaminants
Acceptable
Ambiente
Levels 5,000
ng/m? (24
hour), 1,000
mg/m?3 (annual)

adopted May 26, 2006
http://des.nh.gov/organization/divisionair/pehb/ehs/atp/
documents/toxlistann.pdf

State ofNew Jerseyepartment Healt{2010 Rght To
Know Hazardousubtanceslist
http://www.nj.gov/health/eoh/rtkweb/documents/hsl alph

a.pdf

Pennsylvania Dgartment of Labor and Industry (1982)
Pennsylvania Worker and Community Rigi#Know Act
http://www.portal.state.pa.us/portal/server.pt?open=514&
0bjID=552975&mode=2

State ofRhode Islandepartment of Environmental
Management (2008) iAPollution Control Regulation No. 2:
Air Toxics
http://www.dem.ri.gov/pubs/regs/regs/air/air22_08.pdf
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Appendix D ENVIRONMENTAL EFFECTS SUMMARY

The ecological hazard summaryleBPis based on available hazard data. In addition, an
updated literature survey wasonducted to identify articles on ecological toxicity. The search
terms included freshwater and saltwater fish, aquatic invertebrates, and aquatic plants; pelagic
and benthic organisms; acute and chronic sediment toxicity in freshwater and saltwater and
terrestrial toxicity to soil organisms, birds, and mammals. The test species, test conditions,
toxicity endpoints, statistical significance, and strengths/limitations of the study were evaluated
for data quality.

Table_Ap)D-1 contains all data considered for the ecological hazard characterizatiofBBf 1
1-BPhas been tested for acute aquatic toxici¥ith the exception of algae, no chronic aquatic
or terrestrial dda were found.In order to characterize the effects &BPto the environment, a
hazard rating was assigned based on EPA methodology for existing chemical clasqgjfic&tion
EPA, 2013alncluded in this assessment diee acute aquatic toxicity studieshich includes
both algae and microrganism studiesThere areno available sediment, sodyian chronic

fish, or chronic aquatic invertebratexicity studies found in literature fat-BP.

The data show that theres a low acute ecotoxicity fdish, aquatic invertebrategquatic
plantsand micreorganismsHazad to sediment and terrestrial organisms as well as chronic
aqguatic toxicity iexpected to be low since-BP does not bioaccumulate, does not persist in the
environment,highly volatile and photodegrades quickly.

Table_ApxD-1 Ecological Hazard Characterization eBtomopropane

Test Species Test Duration E’?d Conc. Test Analysi Effect References
System point | (mg/L)
Fish
Rainbow trout Freshwatel EGo [24.3 (ECHA, 2015
(Oncorhynchus mykiss  |semistatic 9 hours:NOEC 1.77 Measured  INot Reported 2008 study
Fathead minnow Freshwater
(Pimphales promelas flow- 96 hours|LGo |67.3 Measured |Mortality Geigen(1989
through

Aquatic Invertebrates
Water flea EGo [99.3 o (ECHA, 2015
(Daphnia magnj Fresh 48 hours NOEC 29 6 Measured |Immobility 2008 study
Algae
Green algae EGo [52.4 Biomass
(Pseudokirchnerella Freshwater EGo |[72.3 Growth Rate |(ECHA, 2015

. . 96 hours -
subcapitatg static Biomass and (2008 study

NOEC 12.4
Growth Rate
Micro-organism
n/a Freshwater . EGo . (ECHA, 2015
static 5 min 270 Mortality 2008 study
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D-1 Acute Toxicity to Aquatic Organisms

Acute Toxicity td=ish
The 96hour L& value for 2BP with rainbow trout was 24.3 mg/Conditions were in a sealed
environment to prevent the volatile test substance from escaping

The 96hr LGo for 1-BP with fathead minnow wag7.3 mg/L Affected fish lost schooling
behavior and swam near the tank surface. They were hypoactive, underreactive to external
stimuli, had increased respiration, were darkly colored and lost equilibrium prior to death

Acute Toxicity to Aquatic Invertebrates
TheEGo and NOE@r aquatic inverebrate were99.3 mg/L an®9.6 mg/L, respectively.

Toxicity to Aquatic Plants
There were no available acute or chronic toxicity studies that characterize the hazai®Fofadl
aguatic plants.

Toxicity to Micreorganisms

The E€ and NOEC for microrganisms toxicity study for a 5 minute tirperiod was 270 mg/L

and 100 mg/L, respectivelyesting protocols require the test duration to be 3 hours and

rigorous aeration of the test vessels. The submitter reduced the testitur from 3 hours to

5 minutes due to the volatile nature ofBP. To minimize anyBP losses, the submitter kept

1-BP test preparations in suspension by stirring via magnetic stirrers and sealed all vessels with
film instead of vigorously aerating thesdt vessels.

D-2 Chronic Toxicity to Aquatic Organisms
With the exception of algae, no chronic aquatic toxicity data weuad. The E&; for the algae
toxicity test was 52.4 mg/L (biomass) arel3 mg/L (growth rate). The NOEC for the algae
toxicity test wasl2.4 mg/L.The LOEC was not defined in the study; thus, a chronic value (ChV)
was not calculated.

D-3 Toxicity to Sediment and Soil Dwelling Organisms

There were no available acute or chronic toxicity studies$ tharacterize the hazard ofBPto
sediment or soitkdwelling organisms.

D-4 Toxicity to Wildlife
There were no available acute or chronic toxicity studies that characterize the hazai@Fofdl
wildlife.

D-5 Summary of Environmental Hazard Assessment

Table_Ap)D-1 provides a summary of the toxicity data available fa8A.Theacutehazard
1-BP to aquatic organisms is consideled based on available datdhe hazard of -BP is
expected to be low fochronic aquatic organisms, sedimeand terrestrial organismisased on
physical and chemical properties oBP.
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Appendix E ENVIRONMENTAL FATE

E-1 Fate in Air

If released to the atmospherd;BPis expected to exist solely in the vaganase based on its
vapor pressureln the vapor phase, it is degraded by reaction vphiotochemicallyproduced
hydroxyl radicals. The hdlfe of this reaction is approximately-42 days assuming a hydroxyl
radical concentration over a 12 hour day of 1.5%f@droxyl radicals per cub@zntimeter of air
(Version 4.1EPISuite Its atmospheric degradation and plotooxidationproducts were
investigated for their ozone depletion potentig@durkholder et al., 20021t was shown that the
hydroxyl radical initiated degradation does not lead to ldivgd bromine containing species
that can migrate to the stratosphere. The majrotodegradatiornproducts were
bromoacetone, propanal and8romopropanal. Bromoacetone waapidlyphotolyzed
releasing bromine which was removed from the atmosphere by wet depositi@®Rdoes not
absorb light greater than 290 nm; therefore, degradation of this substance by direct photolysis
is not expected to be an important fate procesee bromoacetone and propanal constitute
about 90% of BPthat is degraded in the atmosphere, and they, as well-asoBnopropanal,
are expected to be rapidly degraded. Apparently, the major atmospligradativefate of
1-BP is theaapid and irreversild release of Br atom&ased on the -BP estimated haliife of
9-12 days in air, it is possible that it can undergo long range transport via the atmosphere.

E-2 Fate in Water

When released to watefl-BPis not expected to adsorb to suspended solids andrsedt in

the water column based upon its Koc value of abou{4@. EPA, 201B& he rate of

Gt GAtATFGAR2Y Aad SELISOGSR (2 7@810MNtmEJAR o &SR
m3mole. 1-BPwas reported to achieveOPs of its theoretical biochemical oxygen demand

(BOD) in the MITI (OECD 301C) (8akuratani et al., 20Q%vhich is onsidered readily
biodegradable. However, an OECD 301D (closed bottle) test showed 19.2% degradation after
28 days which is not considered readily biodegradable (European Chemicals (ECHA) registry
substances data base). Bacterial strains isolated foganobromiderich industrial

wastewater were shown to degrade(HISDRR Arthrobacter HAHebrominated 1-BPunder

aerobic conditions yielding-fropanol as a degradation product and Acinetobacter strain GJ70,
isolated from activated sludge was able to utilize it as a carbon s¢HISBR These results
suggest thatl-BPwill undergo biodegradation in the environment under aerobic conditions.
Hydrolysis ofl-BPis expected based on stigs of(Mabey and Mill, 197Band it cited in the
Hazardous Substances Datab@AKSDR A hydrolysis halife of about 26 days was calculated

at pH 7 and 25 degrees Celsius from its{inster neutral rate constant of 3.01x¥&ec!. The
expected hydrolysis product is propanol and the hydrodebromination product propene is also
possible Photooxidationin water has not been reported to be an important environmental fate
process. 1BP is not expected to be persistent in water.
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E-3 Fate in Sediment and Soil
1-BPis expected to have high mobility in soil based on an estimated log Koc. of 1.6
Volatilization is expected to be an important fate process given its relatively high Henry's law
constant of 7.3x18atm m3mole and it is expected twolatilize from dry soil surfaces based
upon its high vapor pressurtts biodegradations considered to be moderate in sedimeartd
soil. 1-BP is not persistent in sediment or soil.
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APPROACH-OR ESTIMATING NUMBER OF

This appendix summarizes the methdtat EPA/OPPUised to estimate number of workers
who are potentially exposed to-BP during degreasing, dry cleaning and spot cleaning, and
spray adhesivese The method consists tifie followingsteps:

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

2. Estimate total employment by industry/occupation combination using the Bureau of
[ FOo2NI { dF GA &G ApOyment stad<hicz(DES) By1H.t 9 Y

3. Refine the OES estimates where they are not sufficiently granular by usingShe U
/ Sy adza Q of{US BuSihedsash SUEB)LD data on total employment by-figit
NAICS.

ok

Estimate the percentage of employees likely to be ushiBPlinstead of other chemicals.
Canbine the data generated in Steps 1 through 4 to produce an estimate of the number

of establishments anémployees using-BP in each industry/occupation combination,
and sum these to arrive at a total estimate of the number of employees with exposure.

Step 1:ldentify Affected NAICS Codes
As a first stepEPA/OPPifientified NAICS industry codes associated with the uséise scope
ForvapordegreasingEPA/OPPRBE T SNBY OSR 9t ! Q&
which EPAOPPThas identifieda list of all possible NAICS industry sectors that may have
degreasing operation@J.S. EPA, 2014 dt should be noted that degreasing encompzss

large number of industry sectors, and not all facilities in the identified NAICS code will have a
degreasing operatiorAdditionally, EPA/OPPibentified NAICS codes for repair and
maintenance shops thatre likely to perform aerosol degreasing.

¢ NAOKEf 2NRSGKeaf S

For dry cleaning and spray adhesive ug#3A/OPP@&valuated all NAICS codes and identified
those that are applicable to dry cleaning and foam cushion manufacturatge Ap»-1 lists

the proposed &digit NAICS codes for the uses. In addition, the table lists the corresponding BLS
NAICS code at thedigit or 5digit level. Note BLS employment data for certain sectrme only
available at the 4igit or 5digit NAICS level (see Step 3 for refinement of BLS data).

Table_Apx~1 NAICS Codes for Degreasing, Dry Cleaning, and Spray Adhesive Uses

NAICS |BLS NAIC Industry Application
337121 |337120 |Upholstered Household Furniture Manufacturing Foam Cushions
337125 |337120 |Household Furniture (except Wood and Metal) Manufacturl Foam Cushions
337127 |337120 |Institutional Furniture Manufacturing Foam Cushions
337214 337200 |Office Furniture (except Wood) Manufacturing Foam Cushions
81230 |812300 |Drycleaning and Laundry Servig¢escept CoirOperated) Dry Cleaning
314999 |314900 |All Other Miscellaneous Textile Product Mills Degreasing
321113 |321100 |Sawmills Degreasing
323111 |323100 |Commercial Printing (except Screen and Books) Degreasing
325180 |325100 |Other Basic Inorganic Chemical Manufacturing Degreasing
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Table_Apx~1 NAICS Codes for Degreasing, Dry Cleaning, and Spray Adhesive Uses

NAICS [BLS NAIC Industry Application
325998 | 325900 All Other M!scellaneous Chemical Product and Preparatiot Degreasing
Manufacturing
326299 | 326200 |All Other Rubber Product Manufacturing Degreasing
331110 | 331100 |lron and Steel Mills and Ferroalloy Manufacturing Degreasing
331210 | 331200 Isr?:e?nd Steel Pipe and Tube Manufacturing from Purchas Degreasing
331410 | 331400 |NonferrousMetal (except Aluminum) Smelting and Refining Degreasing
331420 | 331400 |Copper Rolling, Drawing, Extruding, and Alloying Degreasing
332111 | 332100 |lIron and Steel Forging Degreasing
332112 | 332100 |Nonferrous Forging Degreasing
332119 | 332100 Metal Crpwn, Closure, and Other Metal Stamping (except Degreasing
Automotive)
332117 | 332100 |Powder Metallurgy Part Manufacturing Degreasing
332215 | 332200 Metal Kitcher_l Cookware, Utensil, Cutlery, and Flatware Degreasing
(except Precious) Manufacturing
332216 | 332200 | Saw Blade and Handtool Manufacturing Degreasing
332311 | 332300 |Prefabricated Metal Building and Component Manufacturir Degreasing
332313 | 332300 |Plate Work Manufacturing Degreasing
332431 | 332400 |Metal Can Manufacturing Degreasing
332510 | 332500 |Hardware Manufacturing Degreasing
332618 | 332600 | Other Fabricated Wire Product Manufacturing Degreasing
332721 | 332720 |Precision Turned Product Manufacturing Degreasing
332722 | 332720 |Bolt, Nut, Screw, Rivet, and Washer Manufacturing Degreasing
332811 | 332800 |Metal Heat Treating Degreasing
332812 | 332800 Me_tal Coat_ing, Engraving (except Jewelry and Silverware) Degreasing
Allied Services to Manufacturers
332813 | 332800 |Electroplating, Plating, Polishing, Anodizing, and Coloring Degreasing
332912 | 332900 |Fluid Power Valve and Hose Fitting Manufacturing Degreasing
332913 | 332900 |Plumbing Fixture Fitting and Trim Manufacturing Degreasing
332919 | 332900 |Other Metal Valve and Pipe Fitting Manufacturing Degreasing
332994 | 332900 Small Arms_, Ordnance, and Ordnance Accessories Degreasing
Manufacturing
332996 | 332900 |Fabricated Pipe and Pipe Fitting Manufacturing Degreasing
332999 | 332900 All Other M!scellaneous Fabricated Metal Product Degreasing
Manufacturing
333132 | 333100 |Oil and Gas Field Machinery and Equipment Manufacturin Degreasing
333249 | 333200 |Other Industrial Machinery Manufacturing Degreasing
333318 | 333300 Other Comr_nercial and Service Industry Machinery Degreasing
Manufacturing
333410 | 333400 Vent-ilatior?,Heating, AiConditioning, -and Commercial Degreasing
Refrigeration Equipment Manufacturing
Air-Conditioning and Warm Air Heating Equipment and
333415 | 333400 |Commercial and Industrial Refrigeration Equipment Degreasing
Manufacturing
333921 | 333900 |Elevator and Moving Stairway Manufacturing Degreasing
333994 | 333900 |Industrial Process Furnace and Oven Manufacturing Degreasing
333999 | 333900 All Other Miscellaneous General Purpose Machinery Degreasing

Manufacturing
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Table_Apx~1 NAICS Codes for Degreasing, Dry Cleaning, and Spray Adhesive Uses

NAICS [BLS NAIC Industry Application
334220 | 334200 Radio antjl’e[evision Broadcasting and Wireless Degreasing
Communications Equipment Manufacturing
334413 | 334400 |Semiconductor and Related Device Manufacturing Degreasing
334416 | 334400 Capacitor, Resistor, Coil, Transformer, and Other Inductor| Degreasing
Manufacturing
334417 | 334400 |Electronic Connector Manufacturing Degreasing
334419 | 334400 |Other Electronic Component Manufacturing Degreasing
Instruments and Related Products Manufacturing for
334513 | 334500 |Measuring, Displaying, and Controlling Industrial Process Degreasing
Variables
334515 | 334500 Instrument Manufactyring _for Measuring and Testing Degreasing
Electricity and Electrical Signals
335120 | 335100 |Lighting Fixture Manufacturing Degreasing
335121 | 335100 |Residential Electric Lighting Fixture Manufacturing Degreasing
335210 | 335200 |Small Electrical Appliance Manufacturing Degreasing
335310 | 335300 |Electrical Equipment Manufacturing Degreasing
335312 | 335300 |Motor and Generator Manufacturing Degreasing
335313 | 335300 |Switchgear and Switchboard Apparatus Manufacturing Degreasing
335911 | 335900 |Storage Battery Manufacturing Degreasing
335921 | 335900 |Fiber Optic Cable Manufacturing Degreasing
335929 | 335900 |Other Communication and Energy Wire Manufacturing Degreasing
335999 | 335900 All Other M!scellaneous Electrical Equipment and Compor Degreasing
Manufacturing
336320 | 336300 Motor Vehic;le Electrical and Electronic Equipment Degreasing
Manufacturing
336340 | 336300 |Motor Vehicle Brake System Manufacturing Degreasing
336410 | 336400 | Aerospace Product and Parts Manufacturing Degreasing
336411 | 336400 |Aircraft Manufacturing Degreasing
336413 | 336400 |Other Aircraft Parts and Auxiliary Equipment Manufacturin Degreasing
336414 | 336400 |Guided Missile and Space Vehicle Manufacturing Degreasing
336510 | 336500 |Railroad Rolling Stock Manufacturing Degreasing
337125 | 337120 |Household Furniture (except Wood and Metal) Manufactur Degreasing
337127 | 337120 |Institutional Furniture Manufacturing Degreasing
339114 | 339100 |Dental Equipment and Supplies Manufacturing Degreasing
339990 | 339900 |All Other MiscellaneouSlanufacturing Degreasing
339992 | 339900 |Musical Instrument Manufacturing Degreasing
339995 | 339900 |Burial Casket Manufacturing Degreasing
339999 | 339900 |All Other Miscellaneous Manufacturing Degreasing
488111 | 488100 |Air Traffic Control Degreasing
493110 | 493100 |General Warehousing and Storage Degreasing
Commercial and Industrial Machinery and Equipment (exc .
811310 | 811300 Automotive and Electronic) Repair a¥1d Main?engnce ( Degreasing
811111 | 811110 |General Automotive Repair Aerosol degreasin
811112 | 811110 |Automotive Exhaust System Repair Aerosol degreasin
811113 | 811110 |Automotive Transmission Repair Aerosol degreasin
811118 | 811110 Other Automotive Mechanical and Electrical Repair and Aerosol degreasin

Maintenance
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Table_Apx~1 NAICS Codes for Degreasing, Dry Cleaning, and Spray Adhesive Uses

NAICS [BLS NAIC Industry Application
811121 | 811120 |Automotive Body, Paint, and Interior Repair and Maintena| Aerosol degreasin
811122 | 811120 |Automotive Glass Replacement Shops Aerosol degreasin
811191 | 811190 |Automotive Oil Change and Lubrication Shops Aerosol degreasin
811192 | 811190 |Car Washes Aerosol degreasin
811198 | 811190 |All Other Automotive Repair and Maintenance Aerosol degreasin
811211 | 811200 |Consumer Electronics Repair and Maintenance Aerosol degreasin
811212 | 811200 |Computer and Office Machine Repair and Maintenance | Aerosoldegreasing
811213 | 811200 | Communication Equipment Repair and Maintenance Aerosol degreasin
811219 | 811200 Other Electronic and Precision Equipment Repair and Aerosol degreasin
Maintenance
811310 | 811300 Commer.cial and Industrigl Machinery and !Equipment (exc Aerosol degreasin
Automotive and Electronic) Repair and Maintenance
811411 | 811400 |Home and Garden Equipment Repair and Maintenance | Aerosol degreasin
811490 | 811400 Other Personal and Household Goods Repair and Aerosol degreasin
Maintenance
451110 | 451110 |Sporting Goods Stores Aerosol degreasin

Step 2:Estimating Total Employment by Industry and Occupation

[ { Q&

12915 prévideidmployment data for workers in specific industries and
occupations. The industries are classified by NAICS codes (identified previously), and

occupations ee classified by Standard Occupational Classification (SOC) codes.

Among the relevant NAICS codetentified previously)EPA/OPPReviewed the occupation

description and identified those occupations (SOC codes) where workers will potentially come
in cortact with 1-BP.

Table_Apx2 shows example SOC codes where workers and occupationalsess are likely
exposed to 1BPat dry cleaning facilitie€PA/OPPDf | a 4 A TA SR
(nearF A St R SELJ] adzNB 0 -dz¥ KRNI 2-@eldezhdsuich, hEle possipla.y

Table_Apx~2 SOCCodeswith 1-BP Exposure at Dry Cleagifracilities

iKS

{h

Application SOC Occupation Designation
41-2000 Retail Sales Workers N
499040 Industrial Machinery Installation, Repair, and Maintenance w
Workers
499070 Maintenance and Repair Workers, General W
499090 Miscellaneousnstallation, Maintenance, and Repair Workers w
Dry cleaning 51-6010 Laundry and DrZleaning Workers W
51-6020 Pressers, Textile, Garment, and Related Materials W
51-6030 Sewing Machine Operators N
51-6040 Shoe and Leather Workers N
51-6050 Tailors,Dressmakers, and Sewers N
51-6090 Miscellaneous Textile, Apparel, and Furnishings Workers N

After identifying relevant NAICS and SOC cdde#/OPPilised BLS data to determine total

O2RSa

employment by industry and by occupation based on the NAICS and SOC combinations. For
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example there are 106,440 employees associated wittigit NAICS 812300(ycleaning and
Laundry Servicgsaind SOC 58010 (aundry ad Dry-Cleaning Workejs

Using a combination of NAICS and SOC codes to estimate total employment provides more
accurate estimates for the number of workers than using NAICS codes alone. Using only NAICS
codes to estimate number of workers typically resnla gross overestimate, because not all
workers employed in that industry sector will be exposed. However, note in some cases, BLS
only provide employment data at thedigit or 5digit NAICS level; therefore, further

refinement of this approach may beeaded (see next step).

Step 3:Refining Employment Estimates to Account fiaack of NAICS Granularity
The third step fEPA/OPRT&a YSGK2R2f 23& 41 & (2 FdZNIKSNJI NBTA
using total employment data ithe US/ Sy SUSB012d Ly &a2YS OFasSaszs . [{
occupationspecific data are only available at tha&l@it or 5digit NAICS level, whereas the
SUSB data are available at thdiit level (but are not occupatiespecific). Identifying specific
6-digit NAICS will ensure that lgnindustries with potential -BP exposure are included. For
instance, OES data are available for thaigit NAIC81230Drycleaning and Laundry Services
which includes the following-@igit NAICS:
1 NAICS 812310 Ceperated Laundries and Drycleaners;
1 NAICS 812320 Drycleaning and Laundry Services (excepdQeiated);
1 NAICS 812331 Linen Supjalgdl
1 NAICS 812332 Industrial Launderers

Only NAICS 812320 is of interest, while the remainidgi NAICS are unlikely to cover dry
cleaning facilitieshat use 1BP. The Census data allow us to calculate employment in the
specific édigit NAICS of interest as a percentage of employment in the Bligit NAICS.

Table_Ap3 andTable_Apx~4 provide example calculationslAICS 812320 make up 48
percent of total employment under NAICS 81230. This percentage can be multiplied by the
occupationspecific employment estimates giventite BLS OES data to further refine our
estimates of the number of employees with potentiaBP exposure.

For example, the number of workers under NAICS 812320 is calculated as:

206,250 Employment in NAICS/SO(GA8% Granularity Adjustment Percentage8,920
workersand occupational norusersunder 6digit NAICS 812320.
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Table_Apx~3 Sample Granularity Calculation

NAICS Industry Total Percent of Total
Employment Employment
5-Digit Parent NAICS
81230 | Drycleaning and Laundry Services | 290,868 100%

6-Digit NAICRelevant to 1BP Use
Drycleaning and Laundry Services (except-Coin
Operated)
SourceU.S. Census Bureé012)

812320 139,504 48%

Table_Apx~4 Estimated 1BP Employment under NAICS 812320

Employment by| Estimated
naics|  S9C SOC Description SOC at 4ligit | 0 of Total - Employmentby
CODE NAICS level Employment | SOC at @ligit
NAICS level
812300| 41-2000 | Retail Sales Workers 45,570 48.0% 21,856
812300| 499040 | Industrial Machinery Installation, 1,640 48.0% 787
Repair, andMaintenance Workers
812300| 499070 | Maintenance and Repair Workers, 3,410 48.0% 1,635
General
812300| 499090 | Miscellaneous Installation, 930 48.0% 446
Maintenance, and Repair Workers
812300| 51-6010 | Laundry and DrZleaning Workers 106,440 48.0% 51,050
812300| 51-6020 | Pressers, Textile, Garment, and 43,160 48.0% 20,700
Related Materials
812300| 51-6030 | Sewing Machine Operators 1,810 48.0% 868
812300| 51-6040 | Shoe and Leather Workers 0 48.0% 0
812300| 51-6050 | Tailors, Dressmakers, and Sewers 3,160 48.0% 1,516
812300| 51-6090 | Miscellaneous Textile, Apparel, an 130 48.0% 62
Furnishings Workers
812300| 41-2000 | Retail Sales Workers 45,570 48.0% 21,856
Total 206,250 98,920

Sourca: U.S. Census Bure&012 andU.S. BL&015).

Step 4:Estimatingthe Percentage of Workers UsingBP instead of Other Chemicals

In the final stepEPA/OPP@ccounted for the market share by applying a factor to the number

of workers determined in Step 3. This accounts for the fact tHaP1is only one of many

chemicds used for the applications of interePA/OPPRS G SNYAY SR G888 aFI OG 2 N
market penetration, using Y F 2 N | (1 A 2y LIBER i@akkBt Sporthsé ar@l Marketah,  m
Profiles(U.S. EPA, 201BandUse and Market Profile forBromopropane in Dry Cleani(id.S.

EPA, 2013pbFor dry cleaning, the market penetration is estimated to be 1.1 percent based on a

2012 survey conducted kymericanDrycleaner.com

Step 5: FinaWorker Estimates

For the final estimges, EPA/OPPGalculated the number of workeend occupational non

usersin each industry/occupation combination potentially exposed #BH, using the formula
below (note granularity adjustment is only applicable where SOC data are not available at the
6-digit NAICS level):
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Employment in NAICS/SOC (Step @janularity Adjustment Percentage (Step’ Hercentage
of Workers Using-BP (Step 4) = Employees usifigPL

For example, the estimated number of workers and occupationalusars under NAICS
812320 from Step 3, after granularity adjustment, is 98,920. AssumirigRarharket
penetration of 1.1 percent, the estimated number of workers and occupationalusans using
1-BP under this NAICS code is:

98,920 x 1.1% = 1,088 workers and occupatiooatusers using -BP under NAICS 812320

The number of establishments is calculated by multiplying the total establishments under
6-digit NAICS 812320 by the market penetration.

22,359 establishments under NAICS 812320 x 1.1% = 246 establishmentsBRing 1

The number of workers and occupational regers can then be divided by the number of
establishments to calculate the average number of workers and occupationaises per
site.

F-1 Estimates for Number of Workers Using Spray Adhesives

EPAOPPTestimaed the number of workers potentially exposed teBP in spray adhesives

using. dzZNBl dz 2F [F 02N { (Gl GAaGAOCAQ hOQMEENGAR Yt 9Y
/| SyadzaQ {aGF dA&dA O 01D IThe/method fiwzesdtipifidgauBeof 6 { | { . 0
workers is detaileébovein Appendix FThe worker estimates were derived using indussmyd
occupationspecific employment data from these sources. Thstry sectors and occupations

that EPAOPPTdetermined to be relevant to spray adhesive use are presented below.

Table_ApX-5 presents the NAICS industry sectagterant to spray adhesive use, while

Table_Ap»6 presents BLS occupation codes where workers are potentially exposeBRo 1
EPAOPPIRS A A IY I GSR SIFOK 200dzLJ GA2y O2RS FEuser SAGKSN
Ob0é¢ G2 aSLINIGSte SaldAYlFrdsS GKS ydzYoSNI 2F Lk
dzZAaSNEP® ¢KSNBE NBE y2 200dzLJ dA2y /OPFRESsIMeRS A ONROG S
SOC5thMHM &/ 2FGAY3AT tIAYyGAY3IS yR {LINI@&Ay3d al OK
SOC5thmpm G! RKSaAaA GBS . 2yRAYy3 al OKAYS hLISNI G§2NAR |
automated spraying of-BP adhesives. ER¥¥PTalso assumed that assemblexsd fabricators

work in areas where the spraying occurs, and are directly exposedOPPAassumed

LINE RdzOGA2Y &dzLISNIDA&A2NAR | YR 20 KSMIEISNERIROGAZY &
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Table_Apx~5 NAICS Gies for Spray Adhesive Uses Foam Cushion Manufacturing
NAICS BLS NAICS Industry
337121 337120 Upholstered Household Furniture Manufacturing
337125 337120 Household Furniture (except Wood and Metal) Manufacturing
337127 337120 Institutional Furniture Manufacturing
337214 337200 Office Furniture (except Wood) Manufacturing

Table_Apx~6 SOQCodes for Worker Exposure in the Spray Adhesive Sector

SOC Occupation Exposu_re
Designation
51-1000 | Supervisors of Production Workers N
51-2090 | Miscellaneous Assemblers and Fabricators w
51-6000 | Textile, Apparel, and Furnishings Workers N
51-9121 | Coating, Painting, and Spraying Machine Setters, Operators, and Tenders W
51-9191 | Adhesive Bonding Machine Operators and Tenders w
51-9198 | Helpers-Production Workers N
51-9199 | Production Workers, All Other N

SourceU.S. BL&R015 W ¢ worker, N ¢ occupational noruser

The number of businesses in this use sector-BPlis estimated to be between 180d280

(U.S. EPA, 200YBased on a total of 2,386 establishments in the industry sectors shown in
Table_Ap)5, the 1-BP market penetration is 4.2 percent to 11.7 percent. Alternatively, an
article published in The New York Times estimated #3apercent of the foam cushion industry
uses 1BP basd adhesives (NY Times,cited in(U.S. EPA, 2018cTable_ApX-7 presents the
estimated number of workers and occupational rasers using the lovend market

penetration of 4.2 percent and the higdnd market penetration of 33 percent. The total
number ofpotentially exposed workers and occupational aasers ranges from 1,503 to
11,952.

Table Apx~7 Estimated Number of Workers Potentially Exposed td8P in Spray Adhesive Use in
Foam Cushion Manufacturing

Exposed Expoged Estmated . Occupational
Workers Occupational | Total Exposed Nurn_ber of Workers per Site NonUgersper
Non-Users Establishmens Site
Lowend
551 | 952 | 1503 | 100 | 6 | 10
High-end
438 | 7568 | 11,952 | 795 | 6 | 10

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational neasers by the number of establishments. Values are rounded to the nearest integer.

F-2 Estimates for Number of Workers at Dry Cleaners

EPAOPPTestimated the number of workers and occupational Amsers potentially exposed to
1-BP at dry cleaners usingdzNB | dz 2 T [ OEBRtN@ROSianditied. & /A Dya BUBBOQ
(2012. The method for estimating number of workers is detaéddvein Appendix FThese
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estimates were derived using industand occupatiorspecific employment data from the BLS
and US Census.

Table_Ap»=8 presents the NAICS industry sector relevant to dry cleaning, Wabée_Ap>X9
presents BLS occupation codes where workers are potentially exposed to dry cleaning solvents.
EPAOPPIRSAA3IY I GSR SIFOK 200dzLJ GA2y O2RS FEuser SAGKSN
0 b 0 sepaiagly estimate the number of potentially exposed workers and occupational non
users. EPI®PPTclassified laundry and dry cleaning workers, pressers, and machine repairers
Fad a22N]J SNEé¢ 0SOFdzaS GKSe NB fApSvants.i2 KI @S
EPAOPPTclassified retail sales workers (e.g., cashiers), sewers, tailors, and other textile
G2N] SNE | a & AdAGAHBEG B2SyO dzayS2 i KS e  LISNF 2 N 62 NJ
do not directly handle dry cleaning solvents.

Table_Apx~8 NAICS Code for Dry Cleaning

NAICS BLS NAICS Industry
81230 812300 Drycleaning and Laundry Servigescept CoirOperated)

Table_Apx~9 SOQCodes for Worker Exposure in Dry Cleaning

SOC Occupation Exposu_re
Designation
41-2000 | Retail Sales Workers N
499040 | Industrial Machinery Installation, Repair, and Maintenance Workers w
499070 | Maintenance and Repair Workers, General w
499090 | Miscellaneous Installation, Maintenance, and Repair Workers w
51-6010 | Laundry and DrCleaning Workers w
51-6020 | Pressers, Textile, Garment, and Related Materials W
51-6030 | Sewing Machine Operators N
51-6040 | Shoe and Leather Workers N
51-6050 | Tailors,Dressmakers, and Sewers N
51-6090 | Miscellaneous Textile, Apparel, and Furnishings Workers N

SourcelU.S. BL&015 W ¢ worker, N ¢ occupational noruser

There are22,359dry cleaning establishments in the United Statesler NAICS 812320.S.
CensudBureau, 2012 Among these establishments, only a small subset tBP &s a dry

cleaning solvent. In 2009, the Drycleaning and Laundry Institute (DLI) estimated only about 50
dry cleaning systems used DrySa&s. EPA, 201RbA more recent survey conducted by
AmericanDrycleaner.com in 2012 indicated that 1.1% of respondents used DrySolv, but did not
specify the number of respondents participating e tsurvey (Beggs, 201as cited ifU.S.

EPA, 2013). BEPAOPPTconservatively assumed aBIP market penetration of 1.1 percent.

Using this factor, ER@PPTestimated that approximately 246 dry cleaning establishments and
1,088 workers and occupational nasers are exposed toBP; sedable_ Ap»10.
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Table_Apx~10 Estimated Number of Workers Potentially Exposed tBP in Dry Cleaning Shops

Exposed Exposed Estmated Occupational
P Occupational | Total Exposed Number of Workers per Site| non-usersper
Workers ; i
non-users Establishmens Site
821 267 1,088 246 3 1

Note: Number of workers and occupational rosers per site are calculated by dividing the exposed number of
workers or occupational neasers by the number of establishments. Values are rounded to the nearest integer.

F-3 Estimates for Number of Workers in Vapor Degreasing

EPAOPPTestimated the number of workers potentially exposed t8R in vapor degreasing

using. dzNB I dz 2 T [ OEBRtNEROLFiand(20E) s Oensus SUBS. The method for
estimating number of workers is detail@dbovein Appendix FThe worker estimates were

derived using industryand occupatiorspecific employment data from these sources. The

industry sectors and occupations that EBRPTdetermined to ke relevant to degreasing uses

are presented below. EFAPPTwas unable to determine which industry sectors and

occupations perform specific degreasing types (e.g., vapor degreasing versus cold cleaning). It is
possible that establishments under the samel@®8 code perform a combination of vapor
degreasing and cold cleaning.

Table_Ap)=11presents the NAICS industry sectors relevant to degreasing applications. These

NAL/ { O2RS& 4SNB 20i0GFAYySR FTNRY G(KS ftAaid 2F RS3
Chemical Assessment of Trichloroethylene JTGE. EPA, 2014 d hese codes cover a wide

range of workplaces where degreasing activities could be performed; however, note degreasing

is unlikely to be a primary operation for many of these industries. Therefore, usshgasiroad

range of NAICS codes likely result in an overestimate.

Table_ApX12 presents BLS occupation codes among the relevant NAICS sectors where

workers are potentially exposed to degreasing solvents/@PRTdesignated repairers,

mechanics, production workersanda SYo f SN&B Fa a2 2NJ SNJ 620¢ o0SOl
work directly with the degreasing equipment. In addition, EFAPTassumed engineers,

technicians, and production supervisors couldd®ecupational nosizi SNJ 0 b0 ¢ ® ¢ KS NS
general uncertainties in hothe job duties in these sectors relate to degreasing; it is possible

GKFG SYLX 2eSSa gAGKAY | aAy3tsS 200dzLdr tazy O2R
G200dzLI Gde2YMNE d y 2 Y

Table_Apx~11NAICS Codes for All Degreasing Types
NAICS | BLS NAICS Industry
314999 314900 | All Other Miscellaneous Textile Product Mills
321113 321100 | Sawmills
323111 323100 | Commercial Printing (except Screen and Books)
325180 325100 | Other Basic Inorganichemical Manufacturing
325998 325900 | All Other Miscellaneous Chemical Product and Preparation Manufacturing
326299 326200 | All Other Rubber Product Manufacturing
331110 331100 | Iron and Steel Mills and Ferroalloy Manufacturing
331210 331200 | Iron andSteel Pipe and Tube Manufacturing from Purchased Steel
331410 331400 | Nonferrous Metal (except Aluminum) Smelting and Refining
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Table_ Apx~11NAICS Codes for All Degreasing Types

NAICS | BLS NAICS Industry

331420 331400 | Copper Rolling, Drawing, Extruding, and Alloying

332111 332100 | Iron and Steel Forging

332112 332100 | Nonferrous Forging

332119 332100 | Metal Crown, Closure, and Other Metal Stamping (except Automotive)

332117 332100 | Powder Metallurgy Part Manufacturing

332215 332200 Metal Kitchgn Cookware, Utensil, Cutlery, and Flatware (except Precious)
Manufacturing

332216 332200 | Saw Blade and Handtool Manufacturing

332311 332300 | Prefabricated Metal Building and Component Manufacturing

332313 332300 | Plate Work Manufacturing

332431 332400 | Metal Can Manufacturing

332510 332500 | Hardware Manufacturing

332618 332600 | Other Fabricated Wire Product Manufacturing

332721 332720 | Precision Turned Product Manufacturing

332722 332720 | Bolt, Nut, Screw, Rivet, and Washer Manufacturing

332811 332800 | Metal Heat Treating

332812 332800 Metal Coating, Engraving (except Jewelry and Silverware), and Allied Services
Manufacturers

332813 332800 | Electroplating, Plating, Polishing, Anodizing, and Coloring

332912 332900 | Fluid Power Valve and Hose Fitting Manufacturing

332913 332900 | Plumbing Fixture Fitting and Trim Manufacturing

332919 332900 | Other Metal Valve and Pipe Fitting Manufacturing

332994 332900 | Small Arms, Ordnance, and Ordnance Accessories Manufacturing

332996 332900 | Fabricated Pipe and Pipe Fitting Manufacturing

332999 332900 | All Other Miscellaneous Fabricated Metal Product Manufacturing

333132 333100 | Oil and Gas Field Machinery and Equipment Manufacturing

333249 333200 | Other Industrial Machinery Manufacturing

333318 333300 | Other Commercial and Service Industry Machinery Manufacturing

333410 333400 Ventilation,_Heating, Ai€onditioning, andCommercial Refrigeration Equipment
Manufacturing

333415 333400 Air—C_onditi_oning a.nd Warm Air Heati_ng Equipment and Commercial and Industr
Refrigeration Equipment Manufacturing

333921 333900 | Elevator and Moving Stairway Manufacturing

333994 333900 | Industrial Process Furnace and Oven Manufacturing

333999 333900 | All Other Miscellaneous General Purpose Machinery Manufacturing

334220 334200 Radio and _Television Broadcasting and Wireless Communications Equipment
Manufacturing

334413 334400 | Semicondator and Related Device Manufacturing

334416 334400 | Capacitor, Resistor, Coil, Transformer, and Other Inductor Manufacturing

334417 334400 | Electronic Connector Manufacturing

334419 334400 | Other Electronic Component Manufacturing

334513 334500 Instrum_ents and Rglated Productg Manufacturing for Measuring, Displaying, an
Controlling Industrial Process Variables

334515 334500 In;trument Manufacturing for Measuring and Testing Electricity and Electrical
Signals

335120 335100 | Lighting FixtureManufacturing

335121 335100 | Residential Electric Lighting Fixture Manufacturing
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Table_ Apx~11NAICS Codes for All Degreasing Types

NAICS | BLS NAICS Industry

335210 335200 | Small Electrical Appliance Manufacturing

335310 335300 | Electrical Equipment Manufacturing

335312 335300 | Motor and Generator Manufacturing

335313 335300 | Switchgear and Switchboard Apparatus Manufacturing

335911 335900 | Storage Battery Manufacturing

335921 335900 | Fiber Optic Cable Manufacturing

335929 335900 | Other Communication and Energy Wire Manufacturing

335999 335900 | All Other Miscellaneous Electrical Equipment and Component Manufacturing
336320 336300 | Motor Vehicle Electrical and Electronic Equipment Manufacturing
336340 336300 | Motor Vehicle Brake System Manufacturing

336410 336400 | Aerospace Product and Paitanufacturing

336411 336400 | Aircraft Manufacturing

336413 336400 | Other Aircraft Parts and Auxiliary Equipment Manufacturing
336414 336400 | Guided Missile and Space Vehicle Manufacturing

336510 336500 | Railroad Rolling Stock Manufacturing

337125 337120 | Household Furniture (except Wood and Metal) Manufacturing
337127 337120 | Institutional Furniture Manufacturing

339114 339100 | Dental Equipment and Supplies Manufacturing

339990 339900 | All Other Miscellaneous Manufacturing

339992 339900 | Musical Instrument Manufacturing

339995 339900 | Burial Casket Manufacturing

339999 339900 | All Other Miscellaneous Manufacturing

488111 488100 | Air Traffic Control

493110 493100 | General Warehousing and Storage

811310 811300 Commercial and Industridlachinery and Equipment (except Automotive and

Electronic) Repair and Maintenance

Table_Apx~12 SOQCodes for Worker Exposure in the Degreasing Sector

SOC Occupation Exposu_re
Designation
17-2000 | Engineers N
17-3000 | Drafters, Engineering Technicians, and Mapping Technicians N
194000 | Life, Physical, and Social Science Technicians N
49-1000 | Supervisors of Installation, Maintenance, and Repair Workers N
49-2000 | Electrical and Electronic Equipméviechanics, Installers, and Repairers w
49-3000 | Vehicle and Mobile Equipment Mechanics, Installers, and Repairers w
499010 | Control and Valve Installers and Repairers w
499020 | Heating, Air Conditioning, and Refrigeration Mechanics and Installers W
499040 | Industrial Machinery Installation, Repair, and Maintenance Workers W
499060 | Precision Instrument and Equipment Repairers W
499070 | Maintenance and Repair Workers, General W
499090 | Miscellaneous Installation, Maintenance, and Repair Workers W
51-2000 | Assemblers and Fabricators W
519192 | Cleaning, Washing, and Metal Pickling Equipment Operators and Tenders w

Source(U.S. BLS, 20)%/ ¢ worker, N ¢ occupational noruser
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There are 109,966stablishments among the industry sectors presentediable  Ap»~11. The
number of businessethat usel-BPfor vapor degreasing estimated at 500 to 2,500
busineses(U.S. EPA, 200)d his translates to a-BP market penetration of 0.5 percent to 2.3
percent.

Table_Ap)13presents the estimated number of workers and occupational-nsers based
on industry and occupationaspecific employment data. The leend estimates correspond to
a 0.5 percent market penetration, while thegh-end estimates correspond to a 2.3 percent
market penetration. The total number of potentially exposed workers and occupational non
users range from 4,712 to 23,558.

Table_Apx~13 Estimated Number of Workers Potentially Exposed tdBP in Degreasing Uses

Exposed Expos_ed Estmated _ Occupational
Workers Occupational | Total Exposed Number of Workers per Site non-usersper
non-users Establishmens Site
Lowend
3245 | 1466 | 4712 | 500 | 6 | 3
High-end
16226 | 7,332 | 23558 | 2,500 | 6 | 3

Note: Number of workers and occupational rosers per site are calculated by dividing the exposed number of
workers or occupational nensers by the number of establishments. Values are rounded to the nearest integer.

F-4 Estimates for Number of Workers Pot entially Using
Aerosol Degreasing

Table_Ap»~14 presents the NAICS industry sectors relevant to aerosol degreasing. These
NAICS codes cover repair and maintenanagsiwhere aerosol degreasing is likely to occur.
Table_ApX12 of Section~3 presents BLS occupation codes where workers are potentially
exposed to degreasing solvents. EBPRPTassumed the types of occupation with potential
solvent exposure are similar between vapor degreasing and aerosol degreasing.

Table_Apx~14NAICS Codes for Aerosol Degreasing
NAICS | BLS NAICS Industry
811111 811110 | General Automotive Repair
811112 811110 | Automotive Exhaust System Repair
811113 811110 | Automotive Transmission Repair
811118 811110 | Other Automotive Mechanical and Electrical Repair and Maintenance
811121 811120 | Automotive Body, Paint, and Interior Repair and Maintenance
811122 811120 | Automotive Glass Replacement Shops
811191 811190 | Automotive QOil Change and Lubrication Shops
811192 811190 | Car Washes
811198 811190 | All Other Automotive Repair and Maintenance
811211 811200 | Consumer Electronics Repair and Maintenance
811212 811200 | Computer and Office Machine Repair and Maintenance
811213 811200 | Communication Equipment Repair and Maintenance
811219 811200 | Other Electronic and Precision Equipment Repair and Maintenance
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Table_Apx~14NAICS Codes for Aerosol Degreasing
NAICS | BLS NAICS Industry
811310 811300 | Commercial and Industrial Machinery and Equipment (except Automotive and
Electronic) Repair and Maintenance
811411 811400 | Home and Garden Equipment Repair and Maintenance
811490 811400 | Other Personal and Household Goods Repair and Maintenance
451110 451110 | Sporting Goods Stores

There are 222,940 establishments among the industry sectors presenfabla_Ap»-14. The
EPA market report on-BPestimated thatod,000 to 5,000 businesses useBRbased aerosol
solvents in 2002U.S. EPA, 200y @scited in(U.S. EPA, 2018c @ ttakshatas to a market
penetration of approximately 0.4 percent to 2.2 percent. Based on these estimates,
approximately 2,466 to 12,329 workers and occupational-nsers are potentially exposed to
1-BP as an aerosdkegreasing solvent. is unclear whetherhie number of establishments using
1-BRbased aerosol solvents has increased since 2002.

Table_Apx~15 Estimated Number of Workers Potentially Exposed t@BPin Aerosol Degreasing

Exposed Expos_ed Esimated _ Occupational
Workers Occupational | Total Exposed Numper of Workers per Site non-usersper
non-users Establishmens Site
Lowend
2,227 | 238 | 2466 | 1,000 | 2 | 0.2
High-end
11,137 | 1,192 | 12,329 | 5,000 | 2 | 0.2

Note: Number of workers and occupational nosers per site are calculated by dividing the exposed number of
workers or occupational nensers by the number of establishmenfhe number of workers per site is roundted
the nearest integerThe number obccupational norusers per site is shown as 0.2, as it rounds down to zero.

Page207 of 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=2713441
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3045699

PEER REVIEW DRABPD NOT QUOTE OR CITE

Appendix G APPROACH USED TO COLLECT MONITORING DATA
AND INFORMATION ON MODEL PARAMETERS

EPA/OPPTonducted a comprehensive literature search to identify worker exposure monitoring
data relevant to 1BP use in degreasing, dry cleaning, and spot cleaning applications. In addition,
EPA/OPP3earched for information on model parameters for the purposé&-8P exposure
modeling. Some of these model parameters include, but are not limited-BR, Lise rate, use
volume, and vapor generation rate.

For each 1BP use scenari&PA/OPPdeveloped scenarispecific primary and secondary
keywords to be used for the literature sear&PA/OPP3earched the following data sources:
1 Standardengineeringsourcesused by OPPT/RAD for occupational exposure assessments.

1 Internet literature seach (e.g.ScienceDirect.cojn

All search results were reviewed, compared to the data quatitgria, and documented.
Table_ApxG-1 presents the data quality criteria and corresponding acceptance specifications for
the literature review.

Table_ApxG-1 Data Quality Criteria and Acceptance Specifications féBR Literature Revievor
Monitoring Data and Information on Model Parameters
Quality Criterion Description/Definition Acceptance Specification

Currency (up to The information reflectpresent conditions. | Data from all years are acceptable.
date)

Geographic Scope| The information reported reflects an area | Data for the modeling input parameters for

relevant to the assessment. the commercial scenarios in scope in the
United States and the resff world are
acceptable.
Reliability The information reported is reliable. For Data are reliable if they are from one of the
example, this criterion may include the following sources:

following acceptance specifications:
The information or data are from a peer U.S.or other government publication.
reviewed, government, or industrgpecific

source. Sources byn academic reseather where:
The souce is published. 9 Publication isn pea-reviewed journal; or
The author is engaged in a relevant field 1 Preented at a technicatonference; or

such that competent knowledge is expectd  { Source hasdocumented qualifications or

(i.e., the author writes for an industry trade credentials to disussparticmar topic_
association publication versus a general

newspaper). Sources bywn industry expert or trade group
The information was presented in a where:

technical conferencevhere it is subject to 1 Preented at a technicatonference where
review by other industry experts. the information is sufject to revew by

other industry experts; or
1 Source hasdocumented qualifications or
credentials to disaissparticular topic; or
9 Sourcerepresents a largeportion of the
industry of interest.
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Table_ApxG-1 Data Quality Criteria and Acceptance Specifications feBR Literature Revievor
Monitoring Data and Information on Model Parameters

Unbiased

The information is not biased towards a
particular product or outcome.

1 Objectiveof the information is clear.
9 Methodologyis desgned to answer a
specificquestion.

Comparability

The data are comparable to other sources
that have been identified.

Data sources will not be accepted or rejecte
based on their comparison to dafeom other
sources.

Representativenes

The data reflect the typical industry

practices. The data are based on a large
industry survey or study, as opposed to a
case study or sample from a limited numbq
of sites.

Literature sources are not rejected basewl
the sample size of sites. Large industry sury,
as well as case studies and limited sample
sizes are acceptable.

Applicability

For surrogate data, the data are expected
be similar for the industry or property of
interest.

Surrogate data deemed apgable only if
approved by EPA.
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Appendix H  EQUATIONS F®& CALCULATING ACUTE AND
CHRONICEXPOSURESEOR NONCANCER AND CANCER

This report assessesBIP exposures to workers in occupational settings, presenteehasi®e
weighted average (TWA) exposure. THer§WA exposures are then used to calculate acute
exposure, average daily concentration (ADC) for chronic;camaer risks, and lifetime average
daily concentration (LADC) for chronic, cancer risks.

Acute workplace exposures aassumed to bequal to thecontaminant concentration in air {Br
TWA).

ADC and LADC are used to estimate workplace exposures farancer and cancer risks,
respectively. These exposures are estimated as follows:

Equation_ApxH-1 ADC and LADC

l$#0! $#
where:

ADC = average daily concentraieamr (TWA) used for chronic nesancer risk
calculations

LADC = lifetime average daily concentra8dm TWA) usé for chronic cancer risk
calculations

C = contaminant concentration in air{8& TWA)

ED = exposure duration (8 hr/day)

EF = exposure frequency (260 days/yr)

wy = working years per lifetime (40 yr)

AT = averagingei (LT 260days/yr x8 hrs/day; where LT = lifetime; LT = 40 yr for

non-cancer risks; LT=70 yr for cancer risks)

The parameter values ifable_Ap»H-1 are used to calculate each of the above exposure estimates
with the exception thathe multi-zonedry cleaningnodel varies theexposure frequency from 250

to 312 days per year. The AC, ADC, and LADC calculations are integrated into the Monte Carlo
simulation for dry cleaning.
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Table_ApxH-1 Parameter Values for Calculating Exposure Estimates

Parameter Name Symbol Value Unit
Exposure Duration (acute) EDcute 8 | hr/day
Averaging Time (acute) ATacute 24 | hr/day
Exposure Duration (chronic) EQxhronic 8 | hr/day
Exposure Frequency (chronic) | EFchronic 260 | daylyr
Worklr?g Years per Lifetime Wenronic 40 | yr
(chronic)

Lifetime (chronic, noitancer) L Tehronic, Norcancer 40 | yr
Lifetime (chronic, cancer) L Tenronic, cancer 70 | yr
Averagmg Time (ChrOﬂIC, nen ATChronic, NorCancer 83,200 hr
cancer)
Averaglng Tlme (ChrOﬂIC, ATChronic, Cancer 145,600 hr
cancer)

Example AC, ADC and LADC calculationsBé& dse in spray adhesives:

1-BP preEC &hr TWAexposure for sprayers, 9ercentile: 253.26 ppnisee Appendix | below for
explanation of this estimate)

# %% cuay@®@bIi YEO

| DI )
# VES CoR@DI
. EO AAU . .
# %% %& 79 SVI®DI Uz ¢ o3y T WO ,
| — —
| $ # - VG RED CoR @D
. EO AAU . .
# %S %& 79 CVE®DI Yz <oty T WO )
| — —
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Appendix | EXAMPLE OF MONITORING DATA ANALYSIS FOR
SPRAY ADHESIVE USE

This appendix describes how&/OPP&nalyzed the exposure monitoring data for the spray
adhesive use scenario. The following data sources were includ®MOPPDa | yI feaAay

1 A 1998 NIOSH Health Hazard Evaluation (HHE) of Custom Products, Inc. in Mooresville,
North CarolingNIOSH, 2009a

1 A 2002 NIOSH HHE of STN Cushion Company in Thomasville, North Cé@&is
2002D);

1 A 2003 NIOSH HHE of Marx Industries, Inc. in Sawmills, North C@¥dr&H, 2003

1 OSHA IMIS data from OSHA inspection of Foamex International, Franklin Corp, Royale
Comfort Seating, Inc., Stahircraft Products Inc., and Willard Packaging Company Inc.

(OSHA, 2013

Table_Apx-1 shows how BA/OPPTEategorized each employee as either sprayer,-sprayer, or
occupational noruser. PAIOPPRS TA Y SR & & LINI & SioNgerdorm-manud sprafirgy e S S &
of the 1-BP adhesive as a regular part of the jJBAFOPPR S T A Yy SRLINIYERSNRAR ¢ | & S YL
who are not sprayers, but either handle the adhesive or spend the majority of their shift working in

an area where spraying occursgeemployees who work in the Assembly department where

spraying regularly occurs)PB/OPPRSTAY SR a2 O0zuzSINA k2 V Bt Sy} 2eSSa
regularly work in a department/area where spraying occurs (e.g. employees in the Saw and Sew
departments).

Table_ApxX-1 Categorization of Employees as Sprayers, Mgprayers, or Occupational Nedsers

DataSource Category
Sprayer Non-sprayer Occupational Noruser
Sprayer (Assembly an| Assembler and Supervisq Operator and Supervisor in Saw
NIOSH20g8 Covers department) | in Assembly department | department
Sprayer (Fabrication | Floater (Fabrication No data
NIOSHZUEER department) department)
Accounting, blowing, customer
Sprayer (GIUe line and Doffer, supervisor, baler,| service, fiber cutting, foam cutti
NIOSH2003 Spriny line) and foam setup worker | maintenance, and supervisor
pring (Glue line and Spring ling worker (work areas other than
Glue line and Spring line)
OSHAZ013. . Sprayer (Gluing area) | No data No data
Foamex Internationa
OSH .2013): Gluer No data No data
Franklin Corp
OSHAZ013. .Royale Sprayer No data No data
comfort Seating Inc.
O.SHA(2013): Starr Sprayer (Bonding and No data No data
Aircraft Products Inc.| Blocking area)
OSHA2013: Willard
Packaging Company| Sprayer (Spray booth)| No data No data
Inc.
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Table_Ap*-2 shows how BA/OPPD I (1 S32 NAT SR
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2 NJ Ga0248 (14 O PR/ORIDE §is 32 NA T SR
little to no engineering control to reduce-BP vapor at the time of monitoringPB/OPPT

OFGSI2NRAT SR ®KS RFIBLISDAFIDEIBEYIAYSSNAYy3I 02y {NEP

1-BP exposure.

GKS SELRZAdZNBINEY A2

~ 7 A

HOK/ & R QIS Y FANAG22  AGTLINISK S

Table_ApX-2 Categrization of Exposure Data into P#EC and PodEC Scenarios

Scenario
DataSource PreEC PostEC
Followup assessment in 2008
Initial worker exposure assessment O (i S 32 NX -99/R¢ | 14T (09,52
NIOSH20029 AY wmdpdpy Aa OKUI %3 improved spray booths with hoods and
due to ineffective control filters and removed excess adhesive frg
exhaust system
Initial worker exposure assessment Ifo!loyvgp assessmen '5],20_0_{ 209,0A'S
NIOSH20021 AY Wnann Ad @odggOf US3I2NAISIR Fhat webe
due to ineffective control improved yentllatlon and enclosed all
spray stations to create spray booths
iofin;ffectlTvle goLtroIOFLcliﬂl?tao?‘nl’L; ) Y (_jata. _Facmty ety r_10t implement
NIOSH2003) ) engineering controls in between the two

had exhaust fans located on outsid
walls of spray rooms.

studies.

OSHA2013: Foamex

Lttt RIEGE Ol #99 ZE2aN
Facility had owhead canopy hood
with two exhaust fans above the

OSHA2013: Starr Aircraft

Workers conducted spraying either

International work stations, but it was unclear N
whether these fans were effective i
controlling 2BP vapor.

PEt REGE OF 699 ZF2aN

OSHA2013: Franklin Corp Facility had no local exhaust No data
ventilation.

'ttt RFEGE OF 6399 ZF2aN

OSHA2013: Royale comfort | Facility had poor to no ventilation.

. No data

Seating Inc. There were three wall fans that
exhaust air to outside.

FEt REGE OF 699 ZF2aN

Company Inc.

additional engineering controls wer

described.

in spray booths or at table top. No | No data
Products Inc. i : .

additional engineering contrslwere

described.

Pt RFEGE Ol 99 Z2dN
OSHA2013: Willard Packagg | Facility had a spray booth. No No data

For exampleEPA/OPPdetermined the initial assessment in NIO@H029 to be representative

27

9 HEINBOSY | NR 2 3

g KSNB

GKSNB A a

AyadzFFAOASY

to 1-BP. Data from the initial assessment are presentetainle ApA-3. The sample duration of
the personal breathing zone measurements are approximately 8 hours; therefore, we assume
these data are representative oft8 TWA values.
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{dzoaSljdzSyd G2 bLh{l1 Qa AYyAdGALFf |aasSaayvySyasz GKS
ventilation for all adhesive spraying operations (Assembly and Covers departments) based on

NIOSH recommendation8?PA/OPPTetermined exposure data in thellow-up assessment to be
NELINSASY (Ll V@S a320iS yIt NdL32da (¢ K S Table Rpxi#l | NB LINB &Sy |

Table_Apx-3 Personal Breathing Zone Monitoring Data for Sprayers, Initial NIOSH AssessRierEC

Scenario)

Source(NIOSH, 2009a(Appendix 2)

Worker Job . Exposurg
Department - Sample Date| Sample Duration Concentration

Description (ppm)
Assembly Sprayer 11/11/1998 8hr (07101518) 115.3
Covers Sprayer 11/11/1998 | 8.25hr(07201533) 117.3
Covers Sprayer 11/11/1998 | 8.25hr(07161533) 126.8
Assembly Sprayer 11/11/1998 8hr(07321527) 132.8
Covers Sprayer 11/11/1998 8.25hr(07191533) 140.5
Covers Sprayer 11/11/1998 8.25hr(07241533) 142.8
Covers Sprayer 11/11/1998 8.5hr(07131533) 142.9
Covers Sprayer 11/11/1998 8.5hr(07081533) 147.3
Assembly Sprayer 11/11/1998 8hr(07151521) 150.3
Assembly Sprayer 11/11/1998 2hr(07220928) 156.5
Covers Sprayer 11/11/1998 8.5hr(07001533) 157
Covers Sprayer 11/11/1998 8.5hr(07101533) 161
Assembly Sprayer 11/11/1998 8hr(07351533) 171.4
Covers Sprayer 11/11/1998 8.5hr(07111533) 176.3
Covers Sprayer 11/11/1998 8.5hr(07131533) 180.7
Covers Sprayer 11/11/1998 8.5hr(07091533) 181.4
Assembly Sprayer 11/11/1998 8hr(07321529) 184.8
Assembly Sprayer 11/11/1998 8hr(07301529) 188
Assembly Sprayer 11/11/1998 8hr(07301532) 190.8
Covers Sprayer 11/11/1998 8.5hr(07121533) 194.5
Assembly Sprayer 11/11/1998 | 5.75hr(07301310) 198.9
Covers Sprayer 11/11/1998 | 8.25hr(07151533) 203.3
Covers Sprayer 11/11/1998 8.5hr(07001533) 2111
Assembly Sprayer 11/11/1998 6.75hr(07361410) 211.7
Covers Sprayer 11/11/1998 8.25hr(07161533) 221
Assembly Sprayer 11/11/1998 6hr(07291333) 225.8
Assembly Sprayer 11/11/1998 8hr(07351521) 227.1
Covers Sprayer 11/11/1998 8.5hr(07001533) 232.7
Covers Sprayer 11/11/1998 8.5hr(07011533) 235
Covers Sprayer 11/11/1998 8.5hr(07051533) 241.1
Assembly Sprayer 11/11/1998 3.75hr(110601443) 242
Assembly Sprayer 11/11/1998 8hr(07291522) 249.1
Assembly Sprayer 11/11/1998 8hr(07321526) 250.7
Covers Sprayer 11/11/1998 8.5hr(07161533) 264.8
Covers Sprayer 11/11/1998 8.5hr(07011533) 278.5
Covers Sprayer 11/11/1998 8.5hr(07001533) 381.2
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Table_ApX-4 Personal Breathing Zone Monitoring Datar Sprayers, Followp NIOSH AssessmerRdst

ECScenario)

Worker Job . Exposure
Department Description Sample Date Sample Duration Concentrr)ation (ppm)
Covers2 Sprayer 11/16/2000 8hr (07231520) 5.4
Coversb Sprayer 11/16/2000 8hr (07301520) 13.9
Assemblyl Sprayer 11/16/2000 8hr (07101517) 14.9
Assembly3 Sprayer 11/16/2000 8hr (07151520) 18.1
Covers6 Sprayer 11/16/2000 8hr (07301521) 23.2
Covers3 Sprayer 11/16/2000 8hr (07221522) 25.3
Coversl Sprayer 11/16/2000 8hr (07201521) 26.5
Coversd Sprayer 11/16/2000 6.25hr (09041519) 28.2
Assembly2 Sprayer 11/16/2000 8.25hr (07081519) 32
Covers2 Sprayer 11/16/2000 8hr (07231522) 33.7
Coversb Sprayer 11/16/2000 8hr (07271521) 36.8
Coversb Sprayer 11/16/2000 8hr (07301520) 45.3
Covers3 Sprayer 11/16/2000 8hr (07251523) 51.6
Coversl Sprayer 11/16/2000 8hr(07191520) 58

Source(NIOSH, 2009a(Appendix 3)

For each employee category (sprayer, fgpmayer, and occupational nemser) and exposure
scenario (preEC or posEC), BA/OPPEalculated the 95th and 50th percentile exposure lelfels
from the observed data sefThe 95thpercentile exposure concentration represents higyd
exposure to 1BP across the distribution of exposure data. The 50th percentile exposure
concentration represents a typical exposure lev@ble Apx-5 presents the analysis results.

Table_ApxX-5 Summary of Inhalation Exposure Monitoring Data for Spray Adhesives

Acute and ChronidNon-Cancer
Exposures (8Hour TWAS in ppm) Chronic, Cancer Exposures (ppm
AG.sp, shr rwaand ADG gp, shr Twa LAD@sp, shr Twa
Category 95th Percentile ‘ 50th Percentile 95th Percentile ‘ 50th Percentile | Data Points
Sprayers
Pre EC 253.26 131.40 144.72 75.09 85
Post EE 41.90 17.81 23.94 10.18 49
Non-sprayers’

Pre EC 210.85 127.20 120.49 72.69 31
Post EE 28.84 18.00 16.48 10.29 9
Occupational nofusers®
Pre EC 128.66 3.00 73.52 1.71 39
Post EE 5.48 2.00 3.13 1.14 17

Notes: AC = Acute Concentration; ADC = Average Daily Concentration and LADC = Lifetime Average Daily Concentration. EC

Engineering controls.

Sources(OSHA, 20LNIOSH, 20020023 b)

A9y IAYSSNAY3I O2yiNRta AYLESYSYGSRY 9y Of 2aAvgdatienLINI & (Il of Sa

b NonSprayer refers to those employees who are not sprayers, but either handle the adhesive or spend the majority of their shift
working in an area where spraying occurs.

¢ Occupational nofuser refers to those employees who do not regulavlyrk in a department/area where spraying occurs (e.g.,

employees in Saw and Sew departments.

i2 ¢

16 Using Microsoft Excel
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Appendix J OCCUPATIONAL EXPOSURE MODELING (NEAR
FIELD/FAR-FIELD) APPROACH

This appendix presents the modeling approach and model equations used irBRe 1
assessment. All of the models in this assessment use afieédf far-field approachKeil et al.,
2009, where a vapor generation source located inside the Fezd diffuses into the
surrounding environment. Workers are assumed to be exposedB® Yapor concentrations in
the nearfield, whileoccupational norusersare exposed at concentrations in the fiaeld.

In general, the ventilation rate, indoor air speed, néietd size, and other environmental

conditions (e.g. temperature, pressure) are assumed to be the same across all use scenarios.
However, a targetedterature search was conducted to identify chemicaid industryspecific

use rate information to calculate vapor generation rates for each scenario. Where information

is available, the fafield room size and number of working hours per day are alsedaao

provide more realistic results for that given scenario. The specific values used for each scenario
are presented in the body of the report.

An individual model input parameter could either have a discrete value or a distribution of
values. PAOPPTassigned statistical distributions based on available literature data.

A Monte Carlo simulation (a type of stochastic simulatiwag conducted to capture variability
in the model input parameterd’he simulation was conducted using the Latin hypercube
samping method in@RiskProfessional Edition, Versior2@. The Latin hypercube sampling
method is a statistical method for generating a sample of possible values from a multi
dimensional distribution. Latin hypeube sampling is a stratified method, meaning it
guarantees that its generateshmples are representative of the probability density function
(variability) defined in the modeWith the exception of the mukzone model, he number of
iterationswas arbtrarily selected to be one million to capture the range of possible input
values (i.e., including values with low probability of occurren€ej.the multizone dry cleaning
model, the number of iterationwas selected to be 5,000 such that the simulateam be
completed within a reasonable time period.

Model results from the Monte Carlo simulation are presented &% &id 50" percentile values.
The statisticsvere calculated directly i@ Risk The 9% percentile valuewas selected to
represent highend exposure level, whereas the'™percentile valuavas selected to represent
typical exposure level.

Vapor Degreasing, Cold Cleaning, and Spot Cleaning Exposure Modeling Equations

NearField Mass Balance
Equation_Apx}1 NearField Mass Balance for Vapor Degreasing, Cold Cleaning and Spot Cleaning

)] ki po s
T [as Falrds 7
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Far-Field Mass Balance
Equation_Apx3}2 FarField Mass Balance for Vapor Degreasing, Cold Cleaning and Spot Cleaning

L L L L
T i [F 3 R a|rﬂ 3 [ a|r=| 3

Where:
T @ A4 GKS ySINmFTFASER @2f dz¥YST
T o Ad GKS FINRmFASER @2f dzyST
T 0 Aa GUKS ySINnFASER GSyGaAftlidAz2y NI GST
T 0 Aa GKS FTINRFASEIR GSyidAtlGdAz2y NIGST
T 6 A& GKS I @SNFY3IS ySIENnFASER O2yOSYyuNX GA2YT
T 6 Ad G0KS | @SNI3IS FINRTFASEIR O2yOSYGNI GA2YyT
1 “Gis the average vapor generation rate; and
1 ois the elapsed time.

Both of theprevious equations can be solved for the thv@rying concentrations in the near
field and farfield as followgKeil et al., 2009

Equation_Apx3}3 InstantaneousNearField Concentratioras a Function of Time

SR

Equation_Apx}4 InstantaneousFarField Concentratioras a lenction of Time

R 'HE

Where:
Equation_Apx}5 Regrouping of Parameters into Parameter k

T:[?J I
My Iraq 717

Equation_Apx3}6 Regrouping of Parameters into Parameter k

|II:J =|||I:=| & m ;| |II:J .| |I|:i ;|
||I:J 3 ||I:=| 9 5 ¥ ¥

Equation_Apx}-7 Regrouping of Parameters into Pameter ks

|II:J =|||I==| 3 ¢ 3 |II:J 5| |I|=i 3
[Fa 3 |II:=| SIEED A |

Equation_Apx}8 Regrouping of Parameters into Parametes k

Ey

f'lTJE 5
5
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Equation_Apx3}9 Regrouping of Parameters into Parameter k

¥ o |II:J=|

Equation_ Apx}109 A 3Sy @I f dzS <

L L L L L L L L
{ 3 |FJ i L A k| |I'J 3 |I'ﬁ 3 My T4 |I'J §| |F=| 3 |I'J §| |I'i 3
LERIEE LERIER LERLEE

Equation_ Apx}119 A 3Sy @I f dzS <

L L L L L L L, |L
17 3 |FJ M3 T4 |FJ 3 |I'=| 3 a3 T4 |I'ﬂ 3 |F=| 3 |I'ﬂ 3 |F=| 3
LERIER LERIEE T 4TH 4

EPAOPPTcalculatal the hourly TWA concentrations in the nefald and farfield using the
following equations. Note that the numerator and denominator of Equatici® Bnd EL3 use
two different sets of time parameters. The numerator is based on operating times for the
scenario (e.g., 2 hours for vapor degreasing, &ade ApX-2) while the denominators fixed

to an average time spa®, , of 8 hoursMathematically, the numerator and denominator
must reflect the same amount of time. This is indeed the case since the numerator assumes
exposures are zero for any hours not within the operating tififeerefore, mathematically
speaking, both the numerator and the denominator reflect 8 hours regardless of the values
selected foro ando .

Equation_Apx}12 Nearfield Hourly TWA Concentration

6 Qo "'0Q TQQ nQ Qo

00 0

HH

Equation_Apx}13 Farfield Hourly TWA Concentration

< u <
~a 7 T
RAAT= "+ m

13
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To calculate the mass transfer to and from the néald, the Free Surface Areq"Y,as defined

to be the surface area through which mass transfer can occur. Note that the FSA is not equal to
the surface areaf the entire neasfield. BPAOPPTdefined the nearfield zone to be a

rectangular box resting on the floor; therefore, no mass transfer can occur through the near

TASE R o0'P¥Rclculatedad: NID
Equation_Apx}14 Free Surface Area

11 = Jﬂﬂ”ﬂ T Jﬁi?ﬁi

Where:0 ho hd¢ O are the length, width, and height of the nefield, respectively. The
nearfield ventilation rate0 , is calculated from the nedield indoor wind speed, , and
"0"Y,Gassuming half dD"Y & available for mass transfer into the ndald and half ofO"Y &
available for mass transfer out of the nefald:

Equation_Apx}15NearField Ventilation Rate

byt =

The farfield volume,® , and the air exchange rate, O,¥s used to calculate the fdield
ventilation rate,u , as given by:

Equation_Apx}16 FarField Ventilation Rate

|I|:ﬂ:| LEE N Fd

Aerosol Degreasing Exposure Modeling Equations

NearField Mass Balance
Equation_Apx}17 NearField Mass Balance for Aerosol Degreasing

=
B, L L
Tawm, ﬂll’ﬂﬁ Fﬂﬁlrﬂﬁ

Far-Field Mass Balance
Equation_Apx}18 FarField Mass Balance for Aerosol Degreasing

|
3 ks [ Ik
Tl Falds FKalds Falrgg

Where:

SFENRnFASER @2f dzYST

FNTFASER @2f dzYST

SFNNFTFASER @SYydAtlFdA2y NI GST

~

I NTFASER @SyaAtlradAaAzy NXYGST

=4 =4 4 -9
H< H

Page2190f 403



PEER REVIEW DRABPD NOT QUOTE OR CITE

6 A GKS I @gSNIF IS ySI NnTinGritie;@@y OSY G NI GA2Yy |
6 A GKS I gSNI IS FINRFASER O2yOSYy NI GAZ2Y |

QD¢ ax

)l
T

¢KS FSNRaz2f RSAINBIFaAy3a Y2RSt | dicddn&eatration, & L2 y (|
G at the time of each-BP applicationSolvingequation_Apx}+17 and

Far-Field Mass Balance

Equation_Apx+18in terms of the timevarying concentrations in the nedield and farfield
yieldsEquation_Apx-19 and Equation_Apx-20, which PAOPPTappled to each of the eight

1-hour increments. For eachtour increment, BAOPPTcalculatal the initial nearfield

concentration at the top of the hou(), accounting for both the burst d-BPfrom the

degreaser application and the residual ndigtd concentration remaining after the previous 1

hour increment§ ; except for n = 1, imhich case there would be no residdaBPfrom a

previous application). The initial field concentration is equal to the residual faeld

concentration remaining after the previoushbur increment. BAOPPTthen calculaté the

decayed concentratiom the neafrfield and farfield at the bottom of the hour, just before the

degreaser application at the top of the next hoor ( ). BPAOPPTalso calculatd a I-hour

TWA exposure for the nedield and farf A St R>X NB LINB & Sy (i | cecutibnalz ¥ G KS
nonuser) SELIZ &dzNBa (2 (GKS | AND holiikredehtyNo® that NI (G A 2 y
the k coefficients Equation_Apx}21through Equation_Apx}24) are a function of the initial

nearfield and farfield concentrations, and thereforare re-calculated at the top of each hour.

Equation_Apx}19 InstantaneousNearField Concentratioras a Function of Time
s T
Equation_Apx3}20 InstantaneousFarField Concentratioras a Function of Time

hﬂi/4 ﬁf-l/4

R oo

[/ e

Where:

Equation_Apx}21 Regrouping of Parameters into Parameter k

nth 1 ™
E i 1 # ;0 # 50O Q’G#HC)H S R
6 d d

Equation_Apx}22 Regrouping of Parameters into Parameter k

nh & m
Qr 0 0 5 O 0 O _ o 0 O . L v v v v .
n h & phcloftfohpfe ix
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Equation ApxJ23 Regrouping of Parameters into Parametes k

¢

) mthl 7

E g i "R phcroft o @
Equation_Apx}-24 Regrouping of Parameters into Parametes k

) mhl

E J — L N L

Equation_Apx3}25 Nearfield Concentration at the Moment of Aerosol Degreas Application for each
of the Seven Applications

, he T
v =0« h o] s,
ER I - ™5 I he P
Nl LE] BT § “Fié cPofeRuRe |
u)_l_l_J=| I het : hel X

Equation_Apx3}26 Far-field Concentration at the Moment of Aerosol Degreser Application for each
of the Seve Applications

. nhe méip

R0 . 0 0 Q Qi cloftfufg ix

Equation_ Apx}279 A 3Sy @I f dzS <

L L L L L L L L
% 8 |FJ M3 T4 |FJ 3 |F=| 3 MaRs T4 |Fﬂ 5 ||—ﬂ 3 |FJ 3 |Fa 3
LERIEE LERLEE LERLEE

Equation_ Apx}289 A 3Sy @I f dzS <

i 8 R e i o [E R N N o [Fs j||gj 3
LS LER] T 5T 5 LR LER]

Equation_Apx}29 NearField Concentration, hr TWA

L I {45?1 ; - ‘F;-,<‘F;-,<

. . !
I=lehnl'HT:h" 4 <

Equation_Apx3}30 FarField Concentration, -hr TWA

Ere < Bhy « By <« Bhy <
!i ri y'y r'y

F =ﬁT[I'H?:E" < <«
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After calculating all nedfield/far-field 1-hour TWA exposures (i.@, 7 r and

0 fz i for each hour fromd =1 tod =8), EPAOPPTcalculatal the nearfield/far-field
8-hour TWA concentration by summing thentur TWA exposures and dividing the respective
totals byo (i.e., 8 hours for an-Bour TWA), asenoted by the equations below:

Equation_Apx}31 NearField Concentration, $ir TWA

B. Fidoghe
%*o]

Equation_Apx}-32 FarField Concentration, &r TWA

F o =

B. mAfign e
4]

B 7=

BEPAOPPTused the acute and chronic exposure equations presenteBguation_Apx-1 and
Equation_Apx}2 for aerosol degreasing to obtain the final exposure results.

Dry Cleaning Expose Modeling Equations

NearField Mass Balance
Equation_Apx}33 NearField Mass Balance for Spot Cleaning (Multine)

e AR AR £
Equation_Apx3}34 NearField Mass Balance for Finishing (Mulibne)

ﬁé%| AR AR £

Equation_Apx}35 NearField Mass Balance for Dry Cleaning Mach{Multi-Zone)
s A {Bn P

FarField Mass Balance
Equation_Apx3}36 FarField Mass Balance for Dry CleaniRgcility (Multi-Zone)

r’iasHﬁf AR AR AR AR AR AE Aig:
Where:

f oAad G(GKS y S| WasfotctednRg @2 f dzY S

T wAia (GKS ySI| Woiidishidgft R @2 € dzY S

T oiAa (KS ySI fNduddading &y c@aningin¥aéhine

f @ Aa GKS FIFINRFASER ©@2f dzYST

T 0Ad GKS ySI NItT foSspoRclegnig i At GA2y NI GS
T 0 Ad GKS ySI NnTiloSinhisghinggdSy At A2y NI GS
T 0 Aa GKS ySI NiT¥ loSdiyRleadir®ynéchifiel G A2y NI (S
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Ad GKS efilatvdudtd St R O
isthea SNI 23S y S| Naiidn XoBspdr cle@ring VALY

isthea SN} 3S ySINRFASER 02y YUNI GA2Y FT2N FA
isthea SNI 3S ySIFNRnFASEtR O2y ViGNI GA2Y F2N RN
Ad GKS | @SNI IS FIENRFASER O2yOSYyidUNXGAZ2YT

0O is theaverage vapor generation rate for spdeaning

O is theaverage vapor generation rate for finishjragnd

Ois the elapsed time.

0S

w

O
O

O: Oz Oz Oz C

)l
T
T
)l
)l
T
)l
)l

To calculate the mass transfer to and from the néald, the Free Surface Areé&)"Y,ds defined
to be the surface area through which mass transfer can ioddate that the FSA may not be
equal to the surface area of the entire nefgeld.

For spotcleaning EPA/OPPdefined the neaifield zone to be a rectangular box resting on the
floor; therefore, no mass transfer can occur through the réak S f R ood "® ¥R calcutated
as:

Equation_Apx3}37 Free Surface Area for Spot Cleaning
end  BEq o Nagq By

For finishingEPA/OPPefined the neaifield zone to be a rectangulaok covering the upper
body of a worker:

Equation_Apx3}38 Free Surface Area for Finishing
€ NeA  Bef e N g€ e Bed] e

For dry cleaningzPA/OPPiiefined the neaifield zone to be a hemispheric area projecting
from the door of the dry cleaning machine:

Equation_Apx}39 Free Surface Area for Dry Cleaning Machine
ENR h

Where:
1 "O"Yads thefree surface area for spatleaning
1 "O"Yois thefree surface area for finishing
1 "O"YOis thefree surface area for dry cleaning machine;
1 0 isthe neaffield length for spotcleaning;
1 'O is the nea#field height for spotcleaning;
1 o isthe neasfield width for spotcleaning;
1 0 is the neaffield length for finishing;
1 'O is the neaf#field height for finishing;
1 ® is the neaffield width for finishing; and
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1 1 isthe radius of th@ry cleaning machine door opening.

The neasfield ventilation ratesp ,0 , and0 are calculated from the nedield indoor wind
speed, , and'O"Y,Gassuming half dD"Y & available for mass transfer into the ndald and
half of"OY is available for mass transfer out of the ndald. The neafield indoor wind speed
is assumed to be the same across all three near fields:

Equation_Apx}40 NearField Ventilation Rate for SpgcCleaning

B - oed A
Equation_Apx}41 NearField Ventilation Rate for Finishing

B - ed DA
Equation_Apx}42 NearField Ventilation Rate for Dry Cleaning Machine

B - oed A

The farfield volume,® , and the air exchange rate, O;¥s used to calculate the fdield
ventilation rate,b. , as given by:

Equation_Apx}43 FarField Ventilation Rate for Dry Cleaning Facility

‘Be e AAN

The model results in the following fauroupledordinary differential equations (ODES):

Equation_Apx}44 Differential Equation for Spot Cleaning Ne&ield Concentration

HT “ fiy X fiy
Equation_Apx3}45 Differential Equation fo Finishing Neafield Concentration
- ;

i3 B BeyoEt
H Ne " Ne A e M

Equation_Apx}46 Differential Equation for Dry Cleaning Machine Nefield Concentration

B By By
o R 2R

Equation_Apx}47 Differential Equation for FafField Concentration at Dry Cleaning Facility
PR ¢ _EL,A] && EAAKA &ﬁééEA EEEAE

HT Ae e Ne ¢ e ¢
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When solving coupled ODEs, it is common to transform the equations into a standard
mathematical format. This standard mathematical format allows one to more easily identify
appropriate solution methodologies from standard mathematiedérences. EPA/OPPT
transformed these four ODEs into the following format:

Equation_Apx}48 Alternative Representation for the Spot Cleaning Nefaield Concentration
Differential Equation

6 HO Ho ™

Equation_Apx3}49 Alternative Representation for the Finishing Ne&ield Concentration Differential
Equation

6 HO Ho ™

Equation_Apx}50 Alternative Representation for the Dry Cleaning Machine Néaeld Concentration
Differential Equation

o HO HoO
Equation_Apx}51 Alternative Representation for the Fafield Concentration Differential Equation

6 Ho HoOo HO HO

Where:
T wee
ﬂ wee
T
ﬂ W
I
e wee
T
And:
A w A © VAN ) A:
h ki
:+: il :{: |
IF IF
a3 A3
+ . i
L L
Irp Irr
+ b4 L
N b ke b b ke bs
+ T 9 + T 9 + T 9 + T 9
1 = |1 &
™ T
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These ordinary differential equations can be solved using a numerical integration method.
EPA/OPPUse the fourth-order RungeKutta method (RK4). RK4 numerically integrates a
system of coupled ordinary differential equations from time stetp n+1with aconstant time
step size of using the following equations (shown for generic varialgles,, ¥, andys as a
function oft).

Equation_Apx}52 Redefinition of Time Derivative as Function mfdependent and Dependent
Variables(y:Q 0

0 o i Fod o

Equation_Apx}53 Redefinition of Time Derivative as Function of Independent and Dependent
Variables(y2Q 0

— 0 o i Fed o

Equation_Apx}54 Redefinition of Time Derivative as Function of Independent and Dependent
Variables(ysQ 0

— 0 o i Fed o

Equation_Apx3}55 Redefinition of Time Derivative as Function of Independent and Dependent
Variables(ysQ 0

— 0 e e oo o

Where, for each ODIE 1, 2, 3, 4where 1 = spot cleaning, 2 niBhing, 3 = dry cleaning machine,
and 4 = far field)

Equation_Apx}56 RK4 Beginningf-Interval Slope
Equation_Apx}57 RK4 FirsMidpoint Slope

Q Qo -G Q0o -Q0n Q0 -Q0
Equation_Apx}58 RK4 Secondilidpoint Slope

0 Qo e -QOrn Qe -QOw -QQ
Equation_Apx}59 RK4 Enef-Interval Slope

M Qo Ty QM QM QM Q0
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Equation_Apx}60 RK4 Calculation of the Dependent Variable at the Next Time Step

W w Q0 ¢ ¢

RK4 is aexplicitintegration method, meaning it solves for the dependent variables at stelp
explicitly using the dependent variables at stegRK4 is a fourtorder method, which means
the local truncation error at a single integration step is on the ordé®pivhile the total global
error is on the order of?.

The choice of step sizeis such to allow a successful integration of the system of differential
equations. If parameter values are chosen such that the differential equation coefficients (the
terms in Equationg-48through J51) are sufficiently large, the differential equations may
becomestiff. Stiff differential equations would require sufficiently small time step sizes to allow
their integration. Stiffness can be difficult to predict. If stiffness is encountered, mearihrey if
solution diverges to unrealistic values, such as infinity, the step size should be reduced to see if
that allows for successful integration.

Exposure Estimate Equations

Dry cleanindacilitiesare often small business thatayoperateup to twelve hous a day. For
the purpose of modeling worker exposudry cleaning employees are assumed to woitkr8
shifts. EPA/OPPT assumée first work shift covers hourthrough hour8, and the second
work shift covers houd through hourl2, such that there is 4-hr period overlapbetween the
two shifts. Foreach shift, one worker is assumed to perform each category of work bulleted
below. Specific assumptions on easlorker categoryare as follow

1 Spot cleaning is performed from hoRthrough hourl0 of the operating daysuchthat
the first shiftworkeris exposed for six hours and the second shift worker is exposed for
two hours For example, e firstshift spot cleaning workes exposedt concentration
Geefrom hour 0 to hour 2, and is exposed at conration Gsfrom hour 2 through hour
8;

1 Machineunloading, garmentinishingand pressing are performed at regular intervals
throughout the operating day, and the frequency of this activity varies depending on the
number of loads dry cleaneshchday. Each machine and finishing workeexposed to
concentrations €and G for the duration of these activities, and is exposed at
concentration gfor the remainder of the3-hr shift During the 4hr overlap where
both shifts are present, loads aresigned to the first shift if the load can be completed
0STF2NBE FTANROG aKATO €SFH@Sa |0 K2dzNJ yd 9t ! kh
that load of garment is completely unloaded, finished and pressed. If the load cannot be
completed during the fst shift, it is assigned to the second shift.

1 Occupational noruser who only spends time in the feld is exposedt concentration
G-rfor the entirety of the8-hour shift.

Acute workplace exposures are estimated as follows:
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Equation_Apx3}61 Acute Concentration for Dry Cleaning Model (MuEbne)

D # —
where:
AC = acute concentratior8thr TWA)
C = contaminant concentration in ai8r TWA)
ED = exposure duratior8(hr/day)
AT = averaging time8(hr/day)

The average daily concentration (ADC) and lifetime average daily concentration (LADC) are used
to estimate workplace exposures for n@ancer and cancer risks, respectively. These exposures
are estimated as faws:

Equation_Apx3}62 ADC and LADC for Dry Cleaning Model (Mdtine)

L $#O! $#
where:

ADC = average daily concentraféeir (TWA) used for chronic nezancer risk
calculations

LADC = lifetime average daily concentra8dm T'WA) used for chronic cancer risk
calculations

C = contaminant concentration in ai@r TWA)

ED = exposure duratior8(hr/day)

EF = exposure frequency$0 to312days/yr)

WY = working years per lifetime (40 yr)

AT = averaging time (LT x 365 dayd&hetday; where LT = lifetime; LT = 40 yr

for non-cancer risks; LT=70 yr for cancer risks)

Page2280f 403



PEER REVIEW DRABPD NOT QUOTE OR CITE

Appendix K  OCCUPATIONAL EXPOSURE MODELING
PARAMETERS

This appendix presents the modeling input parametdiable  ApX-1 summarizes the input
parameters and their assumptions common to all degreasing scendabte ApX-2 summarizes
input parameters specific to the vapor degreasing Aigld/far-field model, whileTable_ApX-3
summarizes input parameters specific to the aerosol degreasingfredd#far-field model.

Table_ApX-4 summarizes input paramete and their assumptions used to model all scenarios at
dry cleaning facilitiesTable_Ap»X-5 through Table_Ap»X-7 summarizes parameters for the multi
zone dry cleaning model, whileable_Ap»-8 summaizes parameters for the staralone spot
cleaning model.
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Table_ Apx<-1 Summary of Environmental Parameters for Degreasing Facilities

Model Parameter

Uncertainty Analysis

Values Assumptions
Input Lower | Upper Distribution
Parameter Symbol Unit Value Basis Bound | Bound | Mode Type Comments
Nearfield VNF cm/s 10 50" 0 K T Lognormal,| Baldwin and Maynar@.998) surveyed the
indoor wind (ft/s) (1,181)| percentile p=17.5 | wind speeds in 55 work areas covering a
speed cm/s wide range of workplaces. The study state
I oHp that the pooled distribution of all surveys
emls and the distributions of each survey, in
general, could be approximated by a
lognormal distributionEPA/OPPfitted the
data set, andhe fitted mean and standard
deviation are 17.5 cm/s and 25.3 cm/s,
respectively.
Operating days oD dayl/yr 260 T T T T T The 2001 EPA Generic Scenario on the U
per year of Vapor Degreasers estimates that
degreasers of all sizeperate 260 days per
year(ERG, 2001
Nearfield WNF ft3 600 T T T T T EPA applied the same dimensions used ir
volume the final TCHisk assessment (i.e., 10 ft for
Lvrand Whrand 6 ft for Hip (U.S. EPA,
20149. Value supported by Demou et al.
(2009.
Engineering EC % 90 T T T T T Value supported by Wadden et §.989).
controls The study indicates local exhaust ventilati
effectiveness can reduce workplace emissions by 90
percent. The estimate is based on an LEV,
system for an opettop vapor degreaser
(lateral exhaust hoods installed on two
sides of the tank).
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Table_ApxK-2 Input NearField/FarField Model Parameters and Monte Carlo Simulation Assumptions for Vapor Degreasing

Input
Parameter

Symbol

Unit

Model Parameter
Values

Uncertainty Analysis

Assumptions

Value

Basis

Lower
Bound

Upper
Bound

Mode

Distribution
Type

Comments

Farfield
volume

VEr

ft3

10,594

Minimum

10,594

70,629

17,657

Triangular

Pervon Grote et al(2003, volumes at
European metal degreasing facilities can
vary from 300 to several thousand cubic
meters. They noted smaller volumes are
more typical, and assumed 400 and 609 n
in their modelgvon Grote et al., 2003
EPA/OPP@ssumed a triangular distributiol
bound from 300 (10,594 f£) to 2,000 m
(70,629 f) with a mode of 500 f(the
midpoint of 400 and 600 for 17,657 f)

Air exchange
rate

AER

hrt

Minimum

20

3.5

Triangular

Hellweg et al(2009 identifies average AEF
for occupational settings utilizing
mechanical ventilation systems to be
between 3 and 20 ht. The EPA TCE RA pf
review comments indicate values around |
to 5 hr! may be more likely{SCG, 2013A
triangular distibution is used with the
mode equal to the midpoint of the range
provided by the RA peer reviewers

Starting time

&1

hr

Constant value.

Exposure
Duration

12

hr

Equal to operating hours per day.

Averaging
time

tavg

hr

Constant value.

Emission
factor

EF

Ib/employ
eeyr

Lognormal,
p=10.4
CToMT

To develop the California Solvent Cleanin,
Emissions Inventories, CARB surveyed
solvent cleaning facilities and gathered sit
specific information for 213 facilitie€ARB
estimated a 1BP emission factor of 184
Ib/employeeyr with a standard deviationfo
17.24 Ib/employeeyr (CARB, 20)1CARB
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Input
Parameter

Symbol

Unit

Model Parameter

Values

Uncertainty Analysis

Assumptions

Value

Basis

Lower
Bound

Upper
Bound

Mode

Distribution
Type

Comments

estimated that more than 98 percent of 1
BP emissions were attributed to vapor
degreasing for the solvent cleaning faciliti¢
surveyed.

EPA/OPPapplied a lognormal distribution
to account for uncertainty in the CARB
emission factor.

Number of
employees
per site

EMP

employee/
site

Weibull

Data based on 2007 Economic Census fo
the vapor degreasing NAICS codkemntified

in the TCE RAJ.S. EPA, 20I4&EPA/OPPT

fitted a Weibull distribution to the Census

data set.

Units per site

unit/site

1.2

Discrete

The EPACE R&0149 estimated 1
unit/site for small vapor degreasing
facilities, and 1.2 unit/site for large facilitie
based on analysis of tHeational Emissions
Inventory(NEI) Because NEI data are not
available for IBP EPA/OPP&@ssumes equa
probability of small versus large facilities.

Vapor
generation
rate

kg/unit-hr

N/A

Calculated as the following:
G =EF xEMP /(2.2 x OH x OD x U)

Operating
hours per day

OH

hr/day

Discrete

The 2001Generic Scenario on the Use of
Vapor Degreasers assumes degreasers
operate 2 hours per day, regardless of uni

size(ERG, 2001

Equipment
substitution
effectiveness

ES

%

98

Value supported by NEWM2001), as
used in the EPA TCE 28149. The study
adrasSa GKFG al ANJ SY
percent or more when [a closedop
degreaser iscompared with an opetop
gl LI2NJ RSINBI a SNE
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Table_ApxK-3 Input NearField/FarField Model Parameters and Monte Carlo Simulation Assumptions for Aerosol Degreasing

Uncertainty Analysis

Model Parameter Valueg Assumptions
Input Lower Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Farfield Ver ft® 10,594 Midpoint | 10,594 | 37,328 T Uniform | Golsteijn et al(2014) indicates a characteristig

volume volume of 300 (10,594 8). Demou et al.
(2009 indicates a characteristic volume of
1,057m?3 (37,328 f¢) for aerosol degreasing a
automotive repair shops

Air exchange AER hrt 1 Minimum 1 20 3.5 Triangular | Demou et al(2009) identifies typical AERs of

rate hrtand 3 to 20 ht for occupatonal settings
with and without mechanical ventilation
systemsyespectively. Golsteijn, et gR014)
indicates a characteristic AER of 4 HRA peer
review comments indicate values around 2 t
5 hr may be more likelySCG, 2013in
agreement withGolskijn, et al.(2014). A
triangular distribution is used with the mode
equal to the midpoint of the range provided K
the RA peer reviewer (3.5 is the midpoint of
the range 2 to 5 ht)

Starting time t1 hr 0 T T T T T Constant value.

Exposure t2 hr 1 T T T T T EPA assumed aerosol degreasers are applig

Duration hourly increments.

Averaging tavg hr 8 T T T T T Value supported byolsteijn, et al(2014).

time

Applicatons APD | applications/ 7 T T T T T EPA assumed aerosol degreasers are applig

per day day once per hour, and that no applications occu
during the first hour of the $hour work day.

Amount per AMT o/ 27.5 T T T T T Aerosol degreasing facilities use 192.2 g

application application degreaser/dayGolsteijn, et al(2014).
Assuming an APD of 7 and 100BR.in the
degreaser yields an AMT of 27.5g 1
BP/application.
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Table_ Apx<-4 Summary ofEnvironmental Parameters at Dry Cleaning Facilities
Model Parameter Uncertainty Analysis
Values Assumptions

Input Lower | Upper Distribution
Parameter Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Farfield Ver ft® 2,472 | Minimum | 2,472 | 105,944| 26,600 Triangular | Cal/EPA2007) indicated a mean volume of
volume 26,600 fé for dry cleaning facilities in
California. von Grote et 812006 indicated
volumes at German dry cleaning facilities
ranging from 70 to 3,000 ${2,472 to 105,944
ft3) with a mean of 618 #(21,825 ). Klein
and Kur21994) indicated volumes at Germa
dry cleaning facilities ranging from 200 to 63
m? (7,063 to 22,248 #) with a mean of 362
m?3 (12,784 f8) (as cited in von Grote et al.
(2006)).

EPA/OPPassumes a triangular distribution
bound from 70 to 3,000 m3 (2,472 to 105,94
ft3) with a mode of 26,6003t the mean
reported byCal/EPA2007).

Nearfield VNF cm/s 10 50" 0 K T Lognormal, | Baldwin and Maynar998 surveyed the
indoor wind (ft/s) (1,181)| percentile p= 17.5 cm/s| wind speeds in 55 work areas covering a wi
speed ' up o|range of workplaces. The study states that t
pooled distribution of all surveys and the
distributions of each survey, in general, cou
be approximated by a logmmal distribution.
EPA/OPPIfitted the data set, andte fitted
mean and standard deviation are 17.5 cm/s
and 25.3 cm/s, respectivelffor model input,
the distribution is capped at 202 cm/s, the
maximumaveragewind speed observed in
the study.

Airexchange AER hrt 1 Minimum 1 19 35 Triangular | von Grote et al(2006) indicated typical AERs
rate of 5 to 19 hr* for German dry cleaning

facilities.Klein and Kurgl994) indicated AERS
of 1 to 19 ht, with a mean of 8 fifor German
dry cleaning facilities (as cited in von Grote
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Model Parameter

Uncertainty Analysis

Values Assumptions
Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

al. (2006). The EPACERA peer review
comments indicate values around 2 to 5thr
may be more likelySCG, 20)3A triangular
distribution is used with the mode equal to
the midpoint of the range provided by the R
peer reviewer (3.5 is the midpoint of the
range 2 to 5 ht

Engineering EC % 90 T T T T T Wadden et al(1989 indicates LEV systems

controls for an opentop vapor degreaser can reduce

effectiveness workplace emissions by 90 perceBecause
no data on LEV effectivenss were found for
dry cleaners, the Wadden et L.989) value is
cited.

Operating OH hr/day 12 1 1 T 1 T EPA/OPPassumel a typical dry cleaner

hours per day operates 12 hr/dayased on engineering

(multi-zone) judgment

Operating days OD day/yr 300 Mode 250 312 300 Triangular | Lowend value based on 5 days per week ar

per year 50 weeks per year. Mode is based on 6 day

(multi-zone) per week and 50 weekper year.
Highend value based on 6 days per week a
52 weeks per year, assuming the dry cleang
open yeasround.
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Table_Apx<-5 Input NearField/FarField Model Parameters and Monte Carlo Simulatidssumptions for iBP, Unloading Dry Cleaning Machines

(Multi-Zone Model)
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Model Parameter Uncertainty Analysis
Values Assumptions
Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Machine door D in 25 EPA/OPPT 1 T T T EPA/OPPidetermined an approximate

diameter estimate door diameterby reviewing images of
several 4 generationPERC machine
models manufactured by Bowe and
Firbimatic.

Machine door o ft 1.04 EPA/OPPT 1 T T T Calculated asor= ¥ (D12 in/ft)

radius estimate

Nearfield b ft3 2.37 T T T T T Workers are likely to bend over while

volume retrieving garments, such that their
breathing zones are at or near the
machine openingEPA/OPPa@ssumes the
nearfield consists of a hemispherical
volume surrounding the machine door
openingWbl' =~ F O0B/1R MH

Free surface FSA ft? 6.82 T T T T T Calculated as the surface area of the

area for dry KSYAALIKSNB: o£{!5 T

cleaning

machine

Number of LD loads/day 14 Maximum 1 14 Uniform EPA/OPPWill assume the number of

loads per day loads ranges from one tb4 based on the
number of loads observed NIOSH
(2010 and Blando et al2010.

Cylinder G ppm 1 1 300 8,600 T Uniform Lowend value based on'generation

concentration machine (300 ppm solven{CDC, 199y.
Highend value basedn 3 generation
machines, which reduce cylinder
concentration to 2,000 to 8,600 ppm
(ERG, 2005
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Model Parameter

Uncertainty Analysis

Values Assumptions
Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Cylinder Ve m?® 0.24 0.64 Uniform Value based characteristic sizes provide

volume by von Groteet al.(2003. EPA/®PT
does not have U.S. distribution of
machine sizes. Therefore, a uniform
distribution is assumed.

Initial, spiked Go mg/m3 T Calculated| 1 T T T Calculated asds = (G x Ve) / Vo with unit

concentration conversions.

Starting time t1 hr 0 T T T T T Constant value.

Exposure t2 hr 0.08 T T T T T Based on engineering judgment,

Duration EPA/OPPassume workers take 5
minutes to retrieve garments after each
load.

Averaging time|  tavyg hr 8 T T T T T Work activities are assumed to be split
across two &r shifts over each operatin
day, such that a single worker is expose
for 8 hours a day
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Table ApxK-6 Input NearField/FarField Model Parameters and Monte Carlo Simulation Assumptions for Finishing (Moitie Model)
Model Parameter Uncertainty Analysis
Values Assumptions

Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Nearfield Ve ft3 300 1 1 1 1 1 For length and widthEPA/OPPT
volume applied the same dimensions used in
the final TCHisk assessment (i.e., 10 fi
for Lrkand W) (U.S. EPA, 201%c
EPA/OPPassumes a height of 3 ft for
Hrto cover the upper body of the
worker, because workers typically
perform finishing while standing

Free surface FSA ft2 320 T T T T Surface area of the nedield,
area for calculated as: FSA 2(lex W) + 2(Ex
finishing HrP) + 2(W X H)

Residual R g/kg 3.75 | Maximum | 0.26 3.75 T Discrete | Assume 80% of loads have 0.26 g/kg
solvent residual (normal loads) and 20% of

loads have 3.75 g/kg residual (tiffe-
peg loads), pevon Groteet al. (2003.
EPA/OPPassume the same
distribution of load typsin the United
States.These estimates correspond tg
a nonvented, dryto-dry machine (3
generation) which is likelgonservative
because ¥ generation machines may
also be used

Load size LS kg/load 32 Maximum 12 32 T Uniform Range of capacities for five
characteristic machine sizégon Grote
et al., 2003. The data were obtained
from a 2002 dry cleaner survey in
Germany EPA/OPPassumel the
cylinder volumes and capacities are
similar to those in U.S. machines.

Loading factor F Unitless 0.79 Average T T T T Because good cleaning results can or
be obtained when the machine is not
overloaded EPA/OPPassumel the
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Input
Parameter

Symbol

Unit

Model Parameter Uncertainty Analysis
Values Assumptions

Lower | Upper Distribution
Value Basis Bound | Bound | Mode Type Comments

each load is not filled to the maximum
capacity. The loading factor is an
average value derived in a survey
carried out byKlein and Kurgl994).

Number of
loads perday

LD

loads/day

14 Maximum 1 14 T Uniform EPA/OPPassumedhe number of
loads ranges from one tb4 based on
the NIOSH2010 and Blando et al.

(2010.

Exposure
Duration

t3

hr

0.33 T T T T T EPA/OPPassume workers take 20
minutes to press and finish each load
This estimate is approximately
consistent with Von Grotet al. (2003,
which estimated that residual solvent
will evaporate continuously over a
period of approximeely 11 to 20
minutes.

Vapor
generation
rate

mg/hr-load

T Calculated| T T T T Calculated as: &> R x 1,000 mg/g x L9
F/t3
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Table_ApxK-7 Input NearField/FarField Model Parameters and Monte Carlo Simulation Assumptions for Spot Cleaning (¥uté Model)

Model Parameter

Uncertainty Analysis

Values Assumptions
Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Nearfield Vs ft® 600 T T T T T Same dimensions used in the final ris

volume assessment (i.e., 10 ft fordand WAr
and 6 ft for Hig (U.S. EPA, 201%c

Free surface FSA ft2 340 T T T T T Surface area of the nedield,

area for spot calculated as: FSA (lex W) + 2(EX

cleaning He) + 2(Wx H)

Starting time t1 hr 0 T T T T T Constantvalue.

Exposure t2 hr 8 T T T T Constant | Assumes the activity is performdibm

Duration hour 2 to hour 10 of each operating
day.

Averaging time|  tavg hr 8 T T T T T Constant valueWork activities are
assumed to be split across tweh8
shifts over each operating dayhe first
shift worker spot cleans from hour 2 t¢
hour 8, while the second shift worker
spot cleans from hour 8 to hour 10.

Use rate UR gallyr 16 Maximum | 13.92 16 T Uniform A MasDEP comparative analysis
worksheet provides an example case
study for a facility, which spen@®§0
per manth on spot cleane(MassDEP,
2013. The cost of BP is estirated at
$45 per gallor(Blando et al., 2009
These numbergranslate to16 gallons
peryear. We assume the-BP
concentration could vary uniformly
from 87 to 100 percenfEnviro Tech
International, 2013

Vapor Gs mg/hr T Calculated| 1 T T T Density oDrySolv is 1.33 kg{Enviro

generation Tech International, 2093

rate Gs= UR x (F85 L/gal) x (1.33 kg/L) x
(10° mg/kg) / [(8 hr/day) x OD]
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Table_ApxK-8 Input NearField/FarField Model Parameters and Monte Carlo Simulation Assumptions for Spot Cled8itagndAlone Model)

Model Parameter Uncertainty Analysis
Values Assumptions
Input Lower | Upper Distribution
Parameter | Symbol Unit Value Basis Bound | Bound | Mode Type Comments

Nearfield WNE ft® 600 T T T T T EPA/OPP@pplied the same dimensior

volume used in theEPA TCfinal risk
assessment (i.e., 10 ft fordand Wr
and 6 ft for Hip (U.S. EPA, 201¥c

Starting time t1 hr 0 T T T T T Constant value.

Exposure t2 hr 8 T T T T Constant | Equal to operating hours per day.

Duration

Averaging time|  tavg hr 8 T T T T T Constant value.

Use rate UR gallyr 16 Maximum | 13.92 16 T Uniform $60 spot cleaner per montfMassDEP,
2013 at a cost of $45 per gallon
(Blando etal., 2009 translates to 16
gallons per year. We assume thdé3P
concentration could vary uniformly
from 87 to 100 percen(Enviro Tech
International, 2013

Vapor G mg/hr 38,723 | Maximum | 33,689 | 38,723 T Uniform G is set equal to UR with appropriate

generation unit conversions. Density of DrySolv i

rate 1.33 kg/L(Enviro Tech International,
2013.

Operating OH hriyr 8 T T T T T EPA/OPPassumed 8 hr/day.

hours per day

Operating @ys oD day/yr 260 T T T T T EPA/OPP@ssumed 260 day/yr.

per year
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Appendix L  CONSUMER EXPOSURE ASSESSMENT

L-1 Default Parameters Used in CEM for Emission and
Household Characteristics

TheExposureand FateAssessmenBcreeningrool Version 2 (EAST2) ConsumEKxposure
Module (CEMperformsassessmentsf exposuredo commonproducts toconsumersThissection
describeghe valueghat were choserfor the modelingparametersin CEMto provide more
supportfor the 1-BPexposureassessmenflThismaterialis alsodescribedn the BEFAST2nanual
availableat http://www.epa.gov/tscascreeningtools/e-fast-exposureand-fate-assessment
screeningtool-version2014

Thedefaultparametersusedfor householdcharacteristicsvere all setto meanor medianvalues
basedon data foundin the available literature anthesewere usedn the 1-BP assessment.
Consumebehavior patternsvere notsetto EC ! { efdulésettings,alternatively,a
hypotheticalscenariowascreatedfor useis of productscontainingl-BP.Data from he Westat
(1987 surveyalignedwith the descriptionof the products chosefflor modelngin thisexposure
assessment.

Table_Apx-1 summarizeghe selectionand justification of exposureparametersfor CEMfor
the purposes okstimation of indoor aiconcentrations ofl.-BP.

L-2 Air Exchange Rate

Theair exchangeate usedby OPPTor the 1-BPmodelrunswasthe EFFAST/CEMefault valueof
0.45air changegerhour (ACH)Thischoiceis consistentwith the recommendecdtentraltendency
valueperthe currentandprior editionsof the ExposureFactorsHandbook asshownbelowin
Table_Apx-1. (U.S. EPA, 20119970.
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Table_Apx.-1 Summary of Parameters Used for Estimation of Indoor Air ConcentrationsBP1

ModelingInput Value Justification/Source
A h ¢ Recommende&0" percentilevalueof residentialair
Irexc hangefa/ﬁ 0.45 [exchangeate for all regionswithin the United States(U.S.
(air exchanges/hr) EPA, 1996
Oversprayfraction Selectiorbasedon professionajudgment(U.S. EPA, 200ya
(unitless) 0.01
WholeHouseVolume () 492 Recommepded whole house volume from tBEH2017),
central estimate.
- Estimatedusing/ K A lgoftlam(DTIC DLA, 198iasedon9
Em|55|o(r:]e:tsei)constant 183.09 |FASTmodeldocumentation.Thisalgorithmutilizes molecular
weightandvaporpressureo estimate emissiorrates.
Inhalation rate duringroductusebasedona K 2 NJi 1t (i
exposureat light activitylevel(U.S. EPA, 20)1
Shortterm inhalationvaluesduringlight activity (male and
0.74 : :
_ (Duringuse)femalecomblned)weretakenfrom the following agegroups
Inhalationrate andaveragedo createanestimatefor inhalationrate during
(m%hr) productuse.21to <3lyears;31 to <41lyears;41to <5lyears
51to <6lyears;61lto <71lyears;and71to <8lyears.
061 After productuse:0.611m%hr (U.S. EPA, 20)11
(Afteruse)
Bodvweidh Meanvalueof bodyweightsfor alladultsé X wrs),male and
0 yl\<N6Ig t 80 femalecombined.Valuebasedon EPAanalysiof NHANES
(kg) M b &b b b data (.6, EPA, 20) 1
Interzonalairflow rate Air flow rate betweenthe room of use(utility roomor zonel)
(mdhr) 81.73  landthe restof the house(zone2; (U.S. EPA, 1995
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Figure_ApxX.-1 ScreenCapture of Summary of Recommended Values for Residential Building
Parametersfrom the Exposure Factors Handbo¢R011).

Table 19-1. Summary of Recommended Values for Residential Building Parameters

Mean 10™ Percentile Source

Volume of Residence® 492 m’ (central estimate)b 154 m’ (lower percentile)® U.S. EPA 2010 analysis of U.S. DOE,
2008a
Air Exchange Rate 0.45 ACH (central estimate)"1 0.18 ACH (lower percentile)®  Koontz and Rector, 1995

a

Volumes vary with type of housing. For specific housing type volumes, see Table 19-6.

Mean value presented in Table 19-6 recommended for use as a central estimate for all single family homes, including
mobile homes and multifamily units.

10® percentile value from Table 19-8 recommended to be used as a lower percentile estimate.

Median value recommended to be used as a central estimate based across all U.S. census regions (see Table 19-24).
10% percentile value across all U.S. census regions recommended to be used as a lower percentile value (see

Table 19-24).

ACH = Air changes per hour.

b

L-3 Overspray Fraction

Theselectionof a default overspray fraction 00.01in CEMwasbased on professional judgement
(as cited inEFASY. We are only usingthe peakconcentrationasa model diagnostian this
assessmentnotas a tooko understand exposuref®r anytime scale longer thaftO seconds.

L-4 Emission Rate

Theemitted masswasaddressedn CEMin two ways. Whenan aerosolproductis used,some of

the productdoesnot reachthe intendedapplicationsurface butremainsin the air. Thisportion,
commonlyknownasthe overspraywasassumedo be 1%of the productemitted duringuse.This
resultsin the constantemission ofL-BP to the room air over the duration of uskhe remaining
fraction (99%) ws assumed tatrikethe intendedapplicationsurfaceformingafilm. Thisfilm is
treated asanincremental sourcegs describedbelow (Figure_Apx-2 ScreerCaptureof 9 mC! { ¢
Equationsfor Estimationof EmissionRate).
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Figure_ ApX.-2 ScreerCapture of 9 1t C Egpiationsfor Estimation of EmissionRate

For a product that is applied to surface, such as a general purpose cleaner or a latex pamnt, an
incremental source model is used. Thismodel assumes a constant app lication rate over the specified
duration of use; each mnstantaneously applied segment has an ernission rate that declines exponentially
over time, at a rate that depends on the chemical’s molecular weight (MW ) and vapor pressure (VP).

Inthe case of a general purpose cleaner, the equation for exponentially declining emissions for
each instantaneously applied segment is as follows:

E(t)= £(0) x exp(-kt) (Eq. 3-41)

where E (1) 1sthe emission rate (mass/time) at time t (in hours), E (0) 1s the initial emission rate at time 0,
k is a first-order rate constant for the emissions decline (inverse hours), and t 1s elapsed time hours). The
value of k 1s determined from an empirical relationship, developed by Chinn (1981), between the time (in
hours) required for 90 percent of a pure chemical film to evaporate (EvapTime) and the chemical’s
molecular weight and vapor pressure:

EvapTime = 145 T Eq. 3-42)
(MW =< vP)"
The value of k 1s determined from the 90 percent evaporation time as follows:
In(10)
= V7 (Eq 3-43)
EvapTime

UsingEquationo 11 to BalculateEvapTime

EvapTime= 145

(123x146.30-9546
Where,

Molecularweight(MW)=123g/mole
VaporPressurg¢VP)=146.3torr

Hence EvapTime=0.0126hrsor 0.75min

UsingEquationo 1t to calculateEmissiorRateConstan{k):
- 136

Hence EmissiorRateConstani(k) = 183.09nrs" Br 3.05min™ "
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Becausd K A ylgofitam (DTIC DLA, 19Bassumes pure chemicafilm, it tendsto producea
lowerbound estimateof the evaporationtime; thus, overestimateghe peakconcentration.n
productsthat are amixture of chemicalsinteractionforcesbetweenthe different chemicals
couldalterthe evaporationrate ofindividualconstituents.

Inthe simulationdonefor this assessmenthe outcomewasnot expectedto be strongly
dependenton the exactvalue ofk due tothe long time periodthe consumeispentin the room
of useafter the period of productapplication.All of the 1-BP massvasexpectedto enterthe air
beforethe userleaveshe room evenif the k valuewasadjustedto be lessconservative.
Currentlythe evaporationtime for 90%of the 1-BPin the film onthe applicationsurface
(0.0126 hrsor 0.75 min)wasmuchless tharthe time the userspentin the roomof use.Evenif
thisvalue were tancreasedue tointermolecularinteractionswithin amore complicated
mixture decreasinghe emissiorrate, it would likely still be lessthan the time spentin the room
of use.

L-5 Room and House Volume and Movement Within the Home

The CEMvithin EFAST2urrentlyusesa defaulthousevolume(523m?3) that isbasedon the
calculatedvolume of a single attached hometime Formaldehyde IndooriAModel FIAM.
The2011edition of the EFHecommendsa house volumeof 492m?3 (U.S. EPA, 201 Whilethe
defaulthouse volume used IGEMis slightlylarger than the average value presented in the
EFHthe difference is less than 10% and as noted in the sensitivity analysis, the house &lume
an import factor, but is not the largest contributor to potential differences in predicted air
concentrations.

The exposurevaluesfor the usercouldbe more impactedby the size ofthe room selected
duringuse.Thevolumeassignedo the roomof usewas 20 mé for a utility room where the
volumewasrepresented by a 9 ft x 10 ft room with 8 ft ceilings (726-f20.4m?3) (U.S. EPA,
20149, 48 m?for the livingroom (U.S. EPA, 20),and118m3¥F 2 NJ ( K S(Bait&rhaNEt3 S ¢
al., 2007. The garage volume was used based on an indoor air quality @atterman et al.,

2007 which included attached garages of 15 homes in Michigan, with a median volume of.118 m
Theroom of useis Zonel in the CEMsimulations Zone2 isthe rest of the house 492m?3). The
userandbystandermoveaboutthe home accordingo a hypotheticalbehaviorpattern
constructedto representa dayspentmostlyindoors.Sincethe behaviorpatternsdo not involve

the residentsenteringthe room of useexceptto usethe product,the userspendshe rest of

the time either in Zone2 or outside (wherethere is no expectedchemicalexposure)andthe
non-userspendshe entire 24hours eitherin Zone2 or outside.

L-6 Inhalation Rate and Body Weight

The inhalation rate anbdodyweightvaluesfor the simulationwere taken fromthe 2011EFH
(U.S. EPA, 20)TThesevalueswere basedonthe NHANE8ata (19992006)and correspondo
the agegroupsreportedin the (U.S. EPA, 20).1it isimportantto note that in the exposure
assessmenbnlythe exposuredoseswill be affectedby theseparametersindoorair
concentrationsare determinedby the productusepatterns,the volumeof the room andof the
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house,andthe physicaithemicalpropertiesof 1-BP. Bodyweightandinhalation ratedo not
changethe calculatedindoor air concentrations.

L-7 Consumer Behavior Patterns
BEFAST2/CEMequiresthe input of consumerbehavior patterninformation, including massf
productused,duration ofuse,time spentin the roomof useandthe volumeof the room of
use. By default, FAST2/CEMsesprerset, higlrendvaluesfor a varietyof consumeruse
scenariosvhenuse information isiot available for specifiproducts.Underthese conditions,
the modelresultstend to overpredictthe exposure.

EPA/OPPTid not have consumebehavior patterninformationfor the specificoranded
productsbeingevduated in this assessmentRather tharusingthe ! { ¢ Hk / 9a Qa RSTI d:
inputs, EPA/OPPielied uponprofessional judgmerdand the Household Solvent Products

Survey prepared by Westat for ERA1987) to inform the selectiorof input parameters and
assumptionsepresentingthe O 2 Yy & dAeBaNi@r@tterns. Table Apxt-2 providesa

summaryof the information providedin the Westat(1987) survey with a comparisorio the

valuesusedin this assessment

Table_Apx.-2 Comparison of Westat Survey Data and Simulation Values #&PL

Spray Adhesives
Mean Mecglan 90" 9% Simulationvalues
(50" 9%) 50" % 90" %
Timespentusingproduct 15min 4min 30min 4 min 30min
Timespentinroom afteruseé | 69min | 10min 180min 60 min 180 min
Amountof productusedper | 2.980z| 0.250z 2.00z 0.250z 2.00z
event (84.59)| (7.19) (56.79) (7.19) (56.79)
Weight fraction 1BP in 0.60 0.85
product**
Garage 6o
Roomof use Living Roon 2% Utility room
InsideRoom61 %
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Table_Apx.-2 Comparison of Westat Survey Data and Simulation Values f8F1

Spot Removers

InsideRoom57 %

Median ho Simulationvalues
Mean | (sgnop | 90"% 50" % 90" %
Timespentusingproduct 11min | 5min 30min 5 min 30min
Timespentin room afteruse® | 44min 5min 120 min 60 min 120min
Amountof productusedper | 3.490z| 1.330z 7.50z 1.330z 7.50z
event (98.99)| (37.79) | (212.69) (37.79) (212.69)
Weight fraction 1BP in 055 0.95
product**
Basemen®%
Roomof use Living Roon20% Utility room

Engine Degreasers

Median ho Simulationvalues

Mean | (sonog | 90" 50" % 90" %

Timespentusingproduct | 29min | 15min | 60nin 15 min 60min
Timespentinroom afterus€ | 5min Omin Omin 60 min 120min
Amountof productusedper | 18.70z| 11.60z 320z 11.60z 320z
event (5309) | (3299) (9079) (3299) (9079)

Weight fraction 1BP in 0.75 0.90

product**
Garage and OutsidE%
Roomof use Garage8% Garage
Outside89 %

Brake Cleaners

Median ho Simulationvalues

Mean | (sonog | 90" 50" % 90" %

Timespentusingproduct 23min | 15min 50min 15min 50min
Timespentin room after use! | 10min Omin 30min 60 min 120min
Amountof productusedper 60z 40z 120z 40z 120z
event (1709) | (1139g) (3409) (1139) (3400)

Weight fraction 1BP in 0.75 0.95

product**
Garage an®utside3%
Roomof use Garagel8% Garage
Outside77%
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Table_Apx.-2 Comparison of Westat Survey Data and Simulation Values f8F1

Electronics Cleaners

Median ho Simulationvalues

Mean | (50" o5) 9079 50" % 90" %

Timespentusingproduct 9min 2min 20min 2 min 20min
Timespentinroom afteruse¢ | 60min | 60min 300min 60 min 300min
Amountof productusedper | 1.80z 0.50z 3.50z 0.50z 3.50z
event (519) (149) (1009) (149) (1009)

Weight fraction 1BP in 0.35 0.75

product**
Basement%
Roomof use Other Inside RooB6% Living Room
Living Rom 48 %

Notes:
*Simulation values for time spent in room of were fortotal time in room of use andan only be modeled in increments of
1 hour, with a minimum value of 1 hour. Therefore, for scenarios where survey data indicated that users left thaf tmem

immediakly following application, if the application duration was less than one hour, time spent in room of use was mo
one hour.

** \Weight fraction in products based on information from availapteducts as described Fable_Ap»A-3.

3percentile rankings included respondents who said they used contact cements, super glues or spray adhesives but di
any time in the room of usén compariso, median time spent in the room of use including only those who spent time in t
room of use was 20 minutes and thet9fercentile value was 240 minutes.

bPercentile rankings included respondents who said they used spot removers but did not spend any time in the rooi o
comparison, redian time spent in the room of use including only those who spent time in the room of use was 10 minut
the 90" percentile value was 180 minutes.

Percentile rankings included respondents who said they used engine degreasers but did not spend any time in the rog
In comparison, radian time spent in the room of use including only those who spent time inothi@ 1of use was 60 minutes
and the 90 percentile value was 120 minutes.

dpercentile rankings included respondents who said they used brake quieters/cleaners but did not spend any time in th
use.In comparison, radian time spent in the room of usecluding only those who spent time in the room of use was
30minutes and the 9@ percentile value was 120 minutes.

®Percentile rankings included respondents who said they used specialized electronic cleaners but did not spend any tir
room of u®. In comparison, radian time spent in the room of use including only those who spent time in the room of use
60 minutes and the 90percentile value was 300 minutes.

L-8 UseData for Contact Cement, Super Glues or Soray
Adhesives

Thedescriptionof this product categoryn the Westat(1987) surveymatchesreasonably well

with the simulated scenario, however no distinction in the survey statistics was made between

the three types of products and therefore it is unknown if these statistics are skewed more

towards one product or anotheMore than 60% of thd917 respondents the surveysaid that

they had ever used contact cementiper glues or spray adhesives.the 2686 respondents who

had recently used any of these products, only 2.9% stated that the product was in the aerosol form
More than 60% of thitNB & L2 Y RSy 14 6K2 dzaSR GKS&S LINRRdAzO( a
AY&ARS NR2Yé> (Kdzaa 9t! khtt¢ OKz2asS GKS Ne2Y 27
model The majority of the users (59%) stated they did not have an open window or door fo
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ventilation and 91% of the users stated that they alsg an exhaust fan during useirthermore,
75.1% of respondents stated that the door of the room of use was open to the res bbtise.

This information supports the assumptions of no ventilaao a second zone with potential
bystander exposure used in modeling the indoor aircemration in this assessmerithe90"
percentile valus for the the mass used and time spent in the room of use were used to peesent
conservative estimate howeverithwas also balanced pyesenting a central tendency estimate by
using 50" percentile input values

L-9 Use Data for Spot Removers

Thedescriptionof this product categoryn the surveymatchesreasonably well with the

simulated scenaridNearly half (43.9%) of the 1388 respondeotthe Westat(1987) surveythat

said that they had recently used spot removers stated that tleglpet was in the aerosol form.

a2NB GKIFy pm: 2F GKS NBALRYRSyGa ¢gK2 dzaSR (GKSa
AYAARS NR2YéS (Kdza Qselaxtie defadlt uily kodnavthiniié SEMN2 2 Y 2 F
model. The majority of the users (55%) stated they did not have an open window or door for

ventilation and nearly 91% of the users stated that they didusetan exhaust fan during use.

Furthermore, over 80%tated that the door of the room of use wapen to the rest of the house.

This information supports the assumptions of no ventilation and a second zone with potential
bystander exposure used in modeling the indoor aircemtration in this assessmerithe90"

percentile values for the the mass used and time spent in the room of use were used to present a
conservative estimate however this was also balanced by presenting a central tendency estimate by
using 5@ percentile input values.

L-10 UseData for Engine Degreasers

Thedescriptionof this product categoryn the surveymatchesreasonably well with the

simulated scenario, with some exceptioMore than three quarters (78.9%) of the 577
respondentdo the Westat(1987) surveythat said that they had recently used engine degreasers
stated thatthe product was in the aerosol form. More than 89% of the respondents who used
these products stated that they used it outside, with 7.8% reporting that they used the product in
their garage. Although it is clear that the main location of use is outsiH&H/CEM does out have
the ability to model air concentrations outdoors, thus EPA/OPPT chose the room of use as a garage.
The CEM model does not have a default garage volume therefore the utility room was used as a
proxy with an adjusted volum&he garag volume was used based on an indoor air quality study
(Batterman et al.2007 which included attached garages of 15 homes in Michigan, with a median
volume of 118 i The90" percentile values for thenass used and time spent in the room of use
were used to present a conservative estimate however this was also balapgedsenting a

central tendency estimate by using'percentile input values.

L-11  UseData for Brake Quieters/ Ceaners
Thedescriptionof this product categoryn the surveymatchesreasonably well with the
simulated scenario, with some exceptioMore than half (65.6%) of the 94 respondetdghe
Westat(1987) surveythat said that they had recently used brake quieter/cleaner stated that the
product was in the aerosol forrithis sampling is not large, therefore there is may be some
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uncertainty associated with this udeowever, EPA/OPPT was not ableidentify other available

data to better inform this scenario. More than 77% of the respondents who used these products

stated that they used it outdoors, with nearly 18% reporting that they used the product in their

garage. As mentioned in Sectibd, EFAST/CEM doest have the ability to model air

concentrations outdoors, thus EPA/OPPT chose the room of use as a. memese F£AST does

not haveadesignatedy 3+ N} 3S¢ | a | NR2Y 2BPAMEPSchhsgtollbéa RSTI
utility roomin EFASTRs a proxyy adjusting theoom volumeThe9d" percentile values for the

the mass used and time spent in the room of use were used to present a conservative estimate

however this was also balanced by presenting a central tendency estimate by USipgr&éntile

input values.

L-12  UseData for Specialized Electronic Ceaners

Thedescriptionof this product categoryn the surveymatchesreasonably well with the

simulated scenario, with some exceptiohgss than half (47.5%) of the 541 respondémthe
Westat(1987) surveythat said that they had recently used specialized electronic cleaners stated
that the product was in the aerosol form. Nearly half (47.5%) of the respondents who used these
products stated that they used it in the living room with another 36% reportiagttiey used it in
GFry20KSNJI AYaAaARS NR2Yé> (Kdza 9t! khtt¢ OKz2asS (KS
CEM model. The majority of the users (66%) stated they did not have an open window or door for
ventilation and nearly 94% of the users sthtbat they did nouse an exhaust fan during use.
Furthermore, over 70% stated that the door of the room of use was open to the rest of the house.
This information supports the assumptions of no ventilation and a second zone with potential
bystander expasre used in modeling the indoor air concentration in this assessriiae0"

percentile values for the the mass used and time spent in the room of use were used to present a
conservative estimate however this was also balanced by presenting a centfahtsnestimate by
using 5@ percentile input values.

L-13  Converting %Z & ! ADRsto Air Concentrations

TheExposureand FateAssessmen$creeningrool Versior? (EFAST2) ConsumExposure
Module (CEM)erformsassessmentef exposureso commonproductsto consumersThe
ADRgeneratedusingthe EFFAST/CENMhodelsare shown in the table belown mg/kgrow/day
(Table_Apx-3). The only output in the acuteexposurescenaricexpressedsa concentration
wasthe peak concentration whichrepresentedthe maximumconcentrationin air calculatedby
the model duringany 10rsecondtime stepduring(in this case)24 hrs. Thisvaluedid not
realisticallydescribea 24mr exposure gvenasaworstrcasescenario.
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Table_Apx.-3 Estimated Acute Dose Rates from Consumer Use

Acute Dose Ratenfg/kg-bw/day) ¢ High End
Aerosol Spray Cleaners and Degreasers
Age (yrs) AerosqISpray AerosolSpot Engine Degreasel| Brake Cleaner |Electronics Cleand
Adhesive Use Remover Use Use Use Use

User | Non-User | User | Non-User| User | NonUser | User |Non-User| User | Non-User
21to 78 5.1 1.4 21.4 5.9 50.7 18.2 20.6 7.2 6.9 2.3
16to<21 | 5.7 1.8 24.0 7.4 59.2 22.3 23.9 8.9 7.8 2.8
11 to<16 - 2.1 -- 8.7 -- 26.4 - 10.5 - 3.4
6to<11 - 2.9 -- 12.2 -- 37.4 - 14.9 - 4.8
31t0<6 - 4.2 -- 17.6 -- 53.7 - 214 - 6.9
1to<3 - 5.2 -- 21.6 -- 66.1 - 26.3 - 8.5
<1 - 5.5 -- 22.9 -- 70.2 - 27.9 - 9.0

Acute Dose Ratenfg/kg-bw/day) ¢ Central Tendency

21to 78 0.5 0.1 2.2 0.6 15 5.6 5.1 1.9 0.4 0.2
16to<21 | 0.5 0.2 2.4 0.8 17 7.0 5.7 2.4 0.5 0.2
11 to<16 - 0.2 -- 0.9 - 8.2 - 2.8 - 0.2
6to<11 - 0.3 -- 1.2 -- 12.0 - 4.0 - 0.3
31t0<6 - 0.4 -- 1.8 -- 17.0 - 5.7 - 0.4
1to<3 - 0.5 -- 2.2 -- 20.0 - 7.0 - 0.5
<1 - 0.5 -- 2.3 -- 22.0 - 7.4 - 0.6

To convertthe BEFASTCEMoutputs from mg/kgbw/day to ppm, we usedthe equationfor the
potential acutedoserate reported in the EIEAS Thanual Thegeneralexpressiorfor the
potential acutedoserate (ADR) is asfollows:

ADRot = (Gir X InhR x FQ x DEv x EEBW x AT)

Where,
ADRol' LR GSYyUGALFf 0dziS R2&aS NIGS 6Y3ak|1INMOLKR
Gair = exposure concentration (mgfn
InhR = inhalation rate (#fhr)
FQ = frequency of product use (events/year)
DEv = duration of an event (hour/event)
ED = exposure duration (years of product usage)
BW = body weight (kg)
AT = averaging time (days)

Rearrangingnd simplifyingthis equationto calculatean approximationfor Cair overthe 24mr
averagingime for the ADRrresultsin the following equation:
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Thissimplificationisreasonablesincethe averagingime for acuteexposuresone day (24 hrs).
In both scenariosthe frequencyis just onceper day.Althoughthe duration of the eventfor the
two consumerscenarioss 0.5 hrs, for the purposes othis exerciseandto convertthe model
output to amore useableexposurevalueto compareto the hazardvalue,there isno correction
for this difference.Thisassumptionis still conservativesincethe valuesgeneratedwere
reasonablyhighexposureghat probablyoverestimatedhe actualexposures.

Anexamplecalculationis presentedbelow, sincethe final valueisin mg/m® andthe desired
unitswill be in ppm. All calculatedvaluesare presentedin Table_Apx-3 andTable_Apx-4.

Forexample the spray adhesivese,21mto 78iyrmold user:

ADR,: =5.12mg/kgrbw/day
InhR(duringuse; 0.5nrs) =0.74m3/hr
InhR(othertimes;23.5hrs)=0.611m%hr
BW=80kg[using2011EFHU.S. EPA, 20)]1

And calculating for &:

Gir= (5.12mg/kagbw/day) x(80kq)
[(0.74 n¥/hr x0.5hr) + (0.611m%hr x23.5 m¥hr)]

=27.81mg/ m?3,
=5.5ppm (roundedto 6 ppmto usea singlesignificantfigure giventhe assumptionsn
the backralculation).

However for the userin all scenariosthe inhalationrateswere slightlyhigherduringuseof the
product,asstipulatedin the model outputs Thusfor example for the spray adhesivese,an
inhalationrate of 0.74m?hr (for 21to 78year olds,0.72m3/hr for the 16to 20year olds) was
used forone 0.5 hrs and0.611m%hr (for 21to 78 yr olds,0.679 m¥hr for the 16to 20yr olds)
for the remaining23.5 hrs. This correctiorwasnot performed for anynon-use scenario.
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Table_Apx.-4 Estimated Acute Air Concentrations from Consumer Use (rounded to one signific
figure)

Acute Air Concentration (pping High End
Aerosol Spray Cleaners and Degreasers
Age (yrs) AerosqISpray AerosolSpot Engine Degreaser| Brake Cleaner | Electronics Cleane
Adhesive Use| Remover Use Use Use Use
User Non-User| User [Non-User| User | Non-User| User |NonUser| User | Non-User
21to78 | 6 2 23 6 54 20 22 8 7 3
16to<21 | 6 2 23 6 54 20 22 8 7 3
11to<16 | -- 2 - 6 - 20 -- 8 - 3
6to<ll | -- 2 - 6 - 20 -- 8 - 3
3t0<6 - 2 - 6 - 20 -- 8 - 3
1to<3 - 2 - 6 - 20 -- 8 - 3
<1 - 2 - 6 - 20 -- 8 - 3
Acute Air Concentration (ppin¢ Central Tendency
21to78 | 0.5 0.1 2 0.7 16 6 5 2 0.5 0.2
16 to<21 | 0.5 0.1 2 0.7 16 6 5 2 0.5 0.2
11to<16 | -- 0.1 - 0.7 - 6 -- 2 - 0.2
6to<ll | -- 0.1 - 0.7 -- 6 -- 2 - 0.2
3to<6 - 0.1 - 0.7 -- 6 -- 2 - 0.2
1to<3 - 0.1 - 0.7 -- 6 -- 2 - 0.2
<1 - 0.1 - 0.7 -- 6 -- 2 - 0.2

Asseenin Table_Apx-4, eachagegroupis exposedo the samemodeledair concentrations

and therefore allagegroups havethe sameADR (ppm). Theconversiorfrom doseto air
concentrationgesultedin 24rhr time averagedndoor air concentrationgor 1-BP(ppm)that

were not sensitiveto userspecific characteristicguchasbodyweightor respirationrate. Thisis

why the samevaluewaspresentthroughouteachcolumnin Table_ApxX-4. Values(ppm)in
Table_Apx-4 were the only valuesusedin the riskassessmentCalculations detailip the

conversion from acute dose rates to air concentrations are provided in a supplemental Excel
spreadsheet file entitledi / 2 Y 8 dzYSNJ 9 ELIR &dzNB /| £ Odzf F A2y &¢

Theagegroupsare presentedin Table_Apx-3 and Table_Apx-4 andmodeloutput sheetsin
the supplementarydocuments Note that CEMalsoassumeghat the userwill be over16.
However,Table Apx-4 showsthat the agegroupsareirrelevantfor the calculated
concentrationsf 1-BPin the air. Sincethere isnot sufficientlyrefineddatato createdifferent
consumerbehaviorpatternsfor different age groups,EPA/OPPassumedhat youngerusers
(<16yrs) of spray adhesivespot remover and aerosol cleaning and degreasimgductswould
be exposedo the sameconcentrationsasother users.

L-14  Sensitivity of Model Parameters
Tier 1 analysis
For the Tier 1 analysis, a plausible range of values was established for each input parameter.
This range consisted of a low, medium (baseline scenario), and high Vakse plausible

values and the justification for the parameter selection for each input parameter are provided
in Table_Apx{-5.
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Table_Apx.-5 Plausible range for input parameters for Tier 1 analysis

Medium

during use

Parameters Low . High Source Selection Justification
(Baseline)
18 17 36 ? 48 FIAM Roomvolumes obtained from the Formaldghyde Indoor Air Model
Room of Use - . . (FIAM). In the FIAM model, the bathroom is the smallest room ang
(Bathroom) | (Utility Room) | (Living room)| (Appendix A) | . .
living room is the largest room.
Low volume selecteftom EFH (U.S. EPA, 199y@hole house
volume. Medium volume selected froBEFHU.S. EPA, 20} fnedian
Whole House 369 n? 492 1 737 i BPA(2017, house yolume. High.volume was interpolgted based on an
Volume 19979 approximately 40% increase in volume size from the baseline
scenario. The 40% increase is based on the difference in volumes
betweenthe low and medium values.
Consumer Medium and high values selected from spray adhesive and spot
Product Weight 75% 85% 95% EPA remover scenarios. The low value was interpolated based on the
Fraction difference (10%) between the medium and high values.
Low, medium, and high values selected from the 10 percentile,
median, and 99 percentile values of mass (in ounces) of chemical
Mass of Product 0.25 . )
Used per Use ounces 1.33 ounces 7.5 ounces | Westat(1987) | used for spot remover scenario. Data obtained from survey condu
by Westat in 1987 from 1275 recent usef@/éstat, 1987 ¢ Table €
18 ¢ page 549).
Values were selected from the summary statistics for residential a
Air Exchange exchange rates (inir changes per hour) table (Tabledd 0 A Y
Rate 0.18 0.45 1.28 EPA20LD EFHU.S. EPA, 20)L.TThe low value is the 10percentile, the medium
value is the 50 percentile and the high value is the'9percentile.
The medium and high values were selected from Takggage é4)
in9 t 'EGHU.S. EPA, 20).1The medium value represents the
average of mean shoterm exposure values fanhalation during
light activity (males and females combined) for the age classes 21
Inhalation Rate <31 years; 31 to <41 years; 41 to <51 years; 51 to <61 years; 61 t
0.58 0.74 0.95 EPA201)) years; and 71 to <81 years. The high value represented the avera

the 93" percentile shoriterm exposure values.

The low value was interpolated based on an approximately 28.3%
increase in volume size between the medium and high values. Th
the low volume was estimated to be approximately 28.3% lower th|
the medium value.
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Table_Apx.-5 Plausible range for input parameters for Tier 1 analysis

Parameters

Low

Medium
(Baseline)

High

Source

Selection Justification

Inhalation Rate
after use

0.463

0.611

0.807

EPA(2011)

The medium and high values were selected from Taklggage 63)
in9 t 'EGHU.S. EPA, 20).1The medium value represents the
average of mean lonterm exposure values fanhalation during light
activity (males and females combined) for the age classes 21 to <
years; 31 to <41 years; 41 to <51 years; 51 to <61 years; 61 to <7
years; and 71 to <81 years. The high value represented the avera
the 95th percentile longerm exposure values.

The low value was interpolated based on an approximately 32%
increase in volume size between the medium and high values. Th
the low volume was estimated to be approximately 32% lower thai
the medium value.

Body weight

65.5

80

104

EPA2011)

Values were selected from Table88n9 t ! EGHU.S. EPA, 2011
providing mean and percentile body weights derived frlitHANES
(19992006) males and females combined. The low value is the 25
percentile average of ages 21 and over, the medium value is the
average of the mean values and the high value is the average of t
90" percentiles.

Event duration
(central
tendency/high
end)

0.25

0.5

Professional
Judgment

It is assumed that a typical DIY project with spray adhesives would
no more than 30 minutes. The low value was assumed to be half t
time and high value was assumed to be double this time.

Note: FIAM¢ | { 9 t Fortda@dehyde Indoor Air Model
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The plausible inputs for each parameter were varied one at a time and the model responses

(i.e., changes in the ADR and acute concentration values) were nittedesults were first

ranked by their outputlifferences using the maximum response value minus the minimum
NBalLlRyasS @FtdzS 2F GKS L FdzaAofS NIy3aS FyR (KS
aSyardArAgraGee gt a OFfOdAZ SR 68 RAGARAY3I GKS LI
input values for each parameter. The rankings from both were averaged for an overall rank for

each parameter tested. This exercise was repeated for the acute air concentration results.

The resuing ADRs (mg/kpw) and acute air concentrations (ppm) along witle rankings for
each of the tested parameters are providedliable_Apx-6 andTable_Apx-7.

Table_ApxX.-6 Tier 1 Sensitity Rankings for Acute Dose Rate

ADR (mg/kgbw
(mg/kgow) . Index of Tier 1
Difference L
Parameter Medium _ Ranking Sensitivity |  Overall
Low (baseline) High Ranking Rank
Room of Use 3.06 2.63 2.40 6 6
Whole House Volume 3.32 2.63 2.03 3 35
Consumer Product weight fractio| 2.32 2.63 2.94 7 15 4.25
Mass of Product used per use 0.496 2.63 14.9 1 15 1.25
Air exchange rate 4.83 2.63 1.17 2 5 3.5
Inhalation Rate during use 2.16 2.63 3.26 5 4 4.5
inhalation rate- after use 2.53 2.63 2.77 9 7 8
Body weight 3.22 2.63 2.03 4 3 3.5
Event Duration (central/high 279 263 218 8 8 8
tendency)
Notes:
Bold indicates selected parameters for the Tier 2 pure sensitivity analysis.
Ranking from 1 to 9 with 1 being the most sensitive parameter
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Table_Apx.-7 Tier 1 Sensitivity Rankings for Acute Air Concentration

Acute Air Concentration _
(ppm) Difference | "dex of Ter 1
Parameter : Ranking Sensitivity |  Overall
Low Medium High Ranking Rank
(baseline)
Room of Use 3.30 2.84 2.59 4 4.5
Whole House Volume 3.58 2.84 2.19 3 3.0
Consumer Product 2.50 284 | 317 5 15 3.3
weight fraction
Mass of Product used per use 0.536 2.84 16.1 1 15 1.3
Air exchange rate 5.21 2.84 1.26 2 4 3.0
Inhalation Rate during use N/A N/A
inhalation rate- after use N/A N/A
Body weight N/A N/A
Event Duration
(central/high tendency) 2.94 2.84 2:34 6 6 6.0
Notes:
Acute air concentration is not affected by inhalation rate or body weight changes.
Boldindicates selected parameters for the Tier 2 pure sensitivity analysis.
Ranking from 1 to 6 with 1 being most sensitive parameter.

The Tier 1 analysis indicated that the four most sensitive parameters affecting the ADR and the
acute air concentratiomvere as follows:

Acute Dose Rate
1. mass of product used per use;
2. whole house volume;
3. air exchange rate; and
4. body weight.

Acute air concentration
1. mass of product used per use;
2. whole house volume;
3. air exchange rate; and
4. consumer product weighftraction.

The parameter most influential in determining the acute dose rate and acute air concentration
is the mass of product applied per u3de emission rate is directly dependent upon the
chemical properties and therefore the mass of product usedrgjly influences the air
concentration and dose rate. Because the modeled scenario follows the user over a 24 hour
period limiting the period of use to 0.5 hrs in the utility room, the whole house volumes (the
remaining 23.5 hours) plays a larger factomiftuencing the final acute dose rate and acute air
concentration As shown imable_Apx-6 and Table_ApxX-7, the air exchange rate and product
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weight fraction can influence the contaminant concentration but do not play as large a role in
the final outcomeThe abovementioned 5 input parameters were chosen for the Tier 2
analyss.

Tier 2 Analysis

For the Tier 2 analysis, all the parameters were adjusted by equal increments from the base
value. All of the baseline input values were adjusted1f}®o and +10% to calculate sensitivity
near the baseline value and By0% and +50% tcalculate sensitivity for values farther

removed from the baseline value. The baseline scenario was the same baseline scenario that
was used for the Tier 1 analysis with the exception of the consumer product weight fraction.
Due to a limitation with thisalue (since the baseline consumer weight fraction was 85% and

we could not increase that by 50% as the model would only consider weight fractions that were
less than 100%) the consumer product weight fraction was lowered from 85®tofor the
baseline senario.The inputs for the Tier 2 analysis are providedafle_ Apx-8.

Table_Apx.-8 Range of Input Parameters for Tier 2 Analysis

Parameters -50% -10% Baseline| +10% +50%
Whole House Volume (i 262 471 523 575 785
Mass of Product used per use (g) 18.9 33.9 37.7 415 56.6
Air exchange rate 0.225 0.405 0.450 0.495 0.675
Body weighikg) 40 72 80 88 120
Consumer Product Weight Fraction 0.25 0.45 0.50 0.55 0.75

Similar to the protocol followed in the Tier 1 analysis, the input parameters were varied one at
a time and the model responses (ADR and acute concentration) were recorded. There were a
total of four variable runs for each parameter. The sensitivity wésutated near the base

value ¢€10% and +10%) and farther removed from the base vai@4 and +50%) for each of

the tested parametersTable Apx-9 provides the calculated sensitivities for the parameters
affecting the ADR an@lable_Apx-10provides the calculated sensitivities for the parameter
affecting the acte air concentration.

Table_Apx.-9 Tier 2 Sensitivity Results for ADR

Average percent Average percent

ADR (mg/kgbw) change of the10% | change of the50%

Parameters ) . ) ) ) and +10% values and +50% values
-50% | -10% | Baseline| +10% | +50% | from the baseline | from the baseline

Whole House 237 | 167 | 155 | 145 | 113 11.0% 62.0%
Volume ()
Mass of Product | 76 | 139 | 185 | 171 | 2.33 16.0% 77.7%
used per use (g)
Air exchange rate 247 | 1.67 1.55 145 | 1.15 11.0% 66.0%
Body weight (kg) | 3.10 | 1.72 | 155 | 1.41 | 1.03 15.5% 104%
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Table_Apx_-10Tier 2Sensitivity Results for Acute Air Concentration

) . Average percent Average percent
Parameter Acute air concentration (ppm) change of the10% | change of the50%
and+10% values and +50% values
-50%| -10%| Baseline | +10% | +50%|  from baseline from baseline
Consumer Product | g | ) 55| 17 184 | 2.50 16.7% 83.4%
weight fraction
Whole House 256 | 180 1.7 157 | 1.22 13.4% 66.9%
Volume ()
Mass of Product | g/ | 1 55| 17 185 | 2.52 17.3% 83.8%
used per use (g)
Air exchange rate | 2.67 | 1.80 1.7 157 | 1.24 13.4% 71%

Results of the Tier 2 analysis indicate that the CEM model is most sensitive to chamas in
weight when using the ADR as the model output. When the acute concentration is used as the
model output, it was the mass of product used that the CEM model is most sensitive to. It
should be noted that the sensitivity analysis was conducted using sgpthetical values that
were basedsoldy on mathematical interpolation. Although some of these values might not
correspond tospecificproduct uses based agerosol spray adhesive, aerosol spot remover, or
aerosol degreaser and clearsrenari, they lend themselves in the overall understanding of

the model sensitivity.
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Appendix M STUDY QUALITY AND SELECTION
CONSIDERATIONS

Toxicological studies were evaluated for quality, considering soundness, applicability and utility,
clarity and completeness and uncertainty and variab{liiyS.EPA, 2014} Specifically, each
laboratory animabased study was reviewed considering the following factors:

T
T
)l
T
T

1
1

the adequacy of study design,

test animals€.g, species, strain, source, saxge/lifestage/embryonic stage),
environment €.g, husbandry, culture medium),

test substanced.g, identification, purity, analytical confirmation of stability and
concentration),

treatment (.9, dose levels, controls, vehicle, group sizes, duration, route of
administration),

endpoints evaluatede(g., schedule of evaluation, randomization and blinding
procedures, assessment methods)d

reporting (quality and completeness)

The evaluation also included a number of considerations, as described bel@allen Ap»M-1.
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Table_ApxM-1 Study Quality Considerations

Feature

eWere the exposures well designed and tightly eInhalation exposure: Was the chamber type appropriate?
controlled? Dynamic chambers should be used; static chambers are not

eWas the test article/formulation adequately identified ~ fecommended.
and characterized? Are co-exposures expected as a eInhalation exposure: Were appropriate methods used to generate
result of test article composition? the test article and measure the analytical concentration?

e|s the administration route relevant to human eDiet/Water Exposure: Was consumption measured to allow for

Exposure exposure? accurate dose determinations? Were stability and homogeneity
Quality eAre the exposure levels relevant? of the test substance maintained? Was palatability anissue?
eInhalation exposure: Were analytical concentrationsin  *Gavage Exposure: Was an appropriate vehicle used? Are there
the test animals’ breathing zone measured and reported  anY toxicokinetic differences due to bolus dosing? Consider
(i.e., not just target or nominal concentrations)? relevance to human exposures.

e|nhalation exposure: For aerosol studies, were the mass
median aerodynamic diameter and geometric standard
deviation reported?

eWere the test animals appropriate for evaluation of the eWere an appropriate number of animals examined, based on
specified effect(s)? whatis known about the particular endpoint(s) in question?

Yeoib Anlrads eWere the species, strain, sex, and/or age of the test eWere there any notable issues regarding animal housing or food
animals appropriate for the effect(s) measured? and water consumption?

eWere the control and exposed populations matched in
all aspects other than exposure?

e|s the study design appropriate for the effect(s) and eWas it designed according to established guidelines (e.g., EPA,
chemical analyzed? OECD)? Was it designed to specifically test the endpoint(s) in

eWere exposure frequency and duration appropriate for ~ duestion?
the effect(s) measured? #Did the study design include other experimental procedures (e.g.,

eWere anticipated confounding factors caused by surgery) that may influence the results of the toxicity endpoint(s)
Study Design| selection bias controlled for in the study design (e.g., in question? Were they controlled for?
correction for potential litter bias; randomization of Was the study design able to detect the most sensitive effects in
treatment groups)? the most sensitive population(s)?

eWas the timing of the endpoint evaluation (e.g., latency eWere multiple exposure groups tested? Was justification for
from exposure) appropriate? exposure group spacing given? Was recovery or adaptation

eWas it a Good Laboratory Practices (GLP) study? tested?

eAre the protocols used for evaluating a specific eWere all necessary control experiments performed to allow for
endpoint reliable and the study endpoints chosen selective examination of the endpoint in question?
relevant to humans? eAs appropriate, were steps taken to minimize experimenter bias

eAre the endpoints measured relevant to humans? Do (e.g., blinding)?

Ty he endpoi I d ff he health
Endpolats | Y6 ncpoms eve ua;e anadverse effect on the health ¢ poes the methodology employed represent the most appropriate
outcome in question? and discriminating option for the chosen endpoint?

eWere the outcomes evaluated according to established
protocols? If not, were the approaches biologically
sound? Were any key protocol details omitted?

eWere statistical methods and presentation of data eDoes the data present pooled groups that should be displayed
sufficient to accurately define the direction and separately (e.g., pooled exposure groups; pooled sexes) and/or

bt magnitude of the observed effect(s)? analyzed separately?
ata 7 s 2 s S
eAre the statistical methods and comparisons eWas an unexpectedly high/low level of within-study variability
Presentation . e 4e AT 5
& Anadvel appropriate? and/or variation from historical measures reported or explained?
and Analysis
¥ e Was sufficient sampling performed to detect a eAs appropriate, were issues such as systemic and maternal

biologically relevant effect (e.g., appropriate number of  toxicity (e.g., body weight) considered?
slides examined)?

e Are descriptions of study methods and results for all eAre the statistical methods applied for data analysis provided and
endpoints sufficient to allow for study quality applied in a transparent manner? Was variability reported?
evaluations? #Did the study evaluate a unique cohort of animals (i.e., are

eWere the details of the exposure protocols and multiple studies linked)?

Reporting | equipment provided? eAre group sizes and results reported quantitatively for each
eWere test animal specifics adequately presented? exposure group, time-point, and endpoint examined?

eAre the protocols for all study endpoints clearly
described? Is sufficient detail provided to reproduce the
experiment(s)?
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Appendix N TOXICOKINETICS

The studies summarized in this section were identified for consideration ihuh&n health
hazardassessment, as described in SecBoh

Empirical evidence from rodent toxicity studies and from occupational exposure studies
indicate that 1BP is absorbed by both inhalation and dermal routes. Additional evidence of the
systemic uptake of-BP via the oral route has been reportécee et al., 2007 Absorption by

all routes is rapid, and a significant portion of the absorbed {8986 to 48% in mice and 40%
to 70% in rats) is eliminated in exhaled breathuaspecified volatile organic compounds (VOC)
(Garner et al., 2006Jones and Walsh, 19y %arner and Y(014) provided supplemental
evidence on the toxicokinetics 8P in rodents. Rodents exposed t8R via either IV injection
or inhalation exhibitedapid system cleance and elimination that decreased as the dose
increased. Previoustudies showed that the remaining absorbed dose is eliminated,
unchanged, in urineumans or as metabolites in the urine and exhaled breath of all species
studied(Garner et al., 200&Kawai et al., 2001 Available toxicokinetic data indicate that
glutathione(GSH) conjugation and oxidation via cytochrome P450 (CYP450) significantly
contributeto the metabolism of BP(Garner and Yu, 20i&arner et al., 2006

N-1 Absorption

The detection of carbowontaining metabolites and elevated bromide ion concentrations in
urine sampls of workers exposed tb-BPby inhalation and dermal contact provides qualitative
evidence thatl-BPis absorbed by the respiratory tract and the skin in humg@ienley et al.,
2010 2009 Valentine et al., 200Hanley et al., 20061n addition, reports of neurological and
other effects in occupationally exposed subjecatsyide indirect evidence of absorption &BP
(Samukawa et al., 201ZDC, 2008Vajersik et al., 20G/Raymond and Ford, 200NIOSH,

2003 Ichihara et al., 200%5clar, 1999

Dermal absorption characteristics estimated in human epidermal membranes mounted on
static diffusion cells included steadyate fluxes averaging 62960 g crt hour® with pure
1-BPand 441¢722 pg cnf hour! with a commercial dry cleaning solvent, an average dermal
penetration of about 2% from an applied dose of 13.5 mg/amder nonoccluded conditions,
and a dermal permeability coefficient farBPin water of 0.257 cm/hou(Frasch et al., 2031

Qualitative evidence of absorption by the gastrointestinal and respiratory tracts comes from
animal studiegGarner et al., 2006Jones and Walsh, 19¥93Clabeled metabolites were
detected in urine collected from rats and miegposed by inhalation to 800 ppm
[1,2,33C}1-BPfor 6 hours(Garner et al., 2006 A number of mercapturic acid derivative
metabolites were detected in pooled urine samples collected from rats given oral doses of
200mg 1-BRkg/day in arachis oil for 5 daydones and Walsh, 19Y9

No other human or animal studies were located that determined the rate or extent of
absorption ofl-BPfollowing inhalation, oral, or dermal exposure.
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N-2 Distribution

Metabolic disposition studies in rats and mice given single intravenous injections of
[1,2,3-2*C}1-BPindicate that1-BPis not expected to accumulate in tissu&arner et al., 2006
Following intravenous injection of {f#C}1-BPat nominal doses of 5, 20, or 1@fy/kg,
radioactivity remaining in the carcass 48 hours after dose administration atedéor about 6,
6, and 2% of the administered dose in rats, and 4, 2, and 4% in(@aceer et al., 2006In
these studies, most of the administered radioactivity was exhaled as parent material or
metabolized C@or excreted as metabolites in the urine.

N-3 Metabolism

The metabolism of-BPin mammals involveg1) conjugation, principally with glutathione,
leading to release of the bromide ion and formation of mercapturic acid derivatives and

(2) oxidation (catalyzed by cytochrome4B0) of parent material anthetabolites leading to
metabolites with hydroxyl, carbonyl, and sulfoxide groups, and te Tliese concepts are
based on studies of urinary metabolites in workers exposetiB#(Hanley et al., 201,2009
Valentine et al., 200 Hanley et al., 2006in vivometabolic disposition studies in rats and mice
(Garner et al., 200Garner et al., 200dshidao et al., 2002ones and Walsh, 197Barnsley et
al., 1966, andin vitro metabolism studies with rat liver preparatiofisaneko et al., 1997
Tachizawa et al., 1982ones and Walsh, 19)¥9

N-AcetytSpropylcysteine has been identified in urine samples from workerslHBR
manufacturing planfValentine et al., 2007in foam fabricating plants using spray adhesives
containingl-BP(Hanley et al., 2012009 Hanley et al., 2006and in degreasing operations in
plants usingl-BPas a cleaning solvent in the manufacture of aerospace components, hydraulic
equipment, optical glass, and printed electronic circuit assemftiasley et al., 2009 Other
urinary metabolites identified id-BPworkers are the bromide iofHanley et al., 200and

three oxygenated metabolites presentlaiver urinary concentrations than-bicetytS
propylcysteineN-acetytSpropylcysteineSoxide (also known as-Bicetyl3-(propylsulfinyl)
alanine), NacetytS(2-carboxyethyl) cysteine, and fcetytS(3-hydroxypropyl) cysteine
(Cheever et al., 200Hanley et al., 2009 The correlations between time weighted average
workplace air concentrations dFBPand urinary levels of bromide andatetytS
propylcysteing(Hanley et al., 201,009 Valentine et al., 200Hanley et al., 2006upport

the hypothesis that conjugation with glutathione is an important pathway in humsee (
Figure3-3). The detection of oxygenated metabolites in urine samples indicates that oxidation
pathways also exist in humarsegeFigure3-3 for structures of identified oxygenated
metabolites).

Results from metabolic disposition studies in rats and mice illustrate that the metabolism of
1-BPin mammals is complex, involving initial competing conjugatiorxatation steps,

followed by subsequent conjugation, oxidation, or rearrangement steps. Figbingr8sents
proposed metabolic pathways based on results from studies3ff4rats and B6C3F1 mice
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exposed to [#4C}1-BPby intravenous injection or [1,2;8C}1-BPby inhalation or intravenous
injection (Garner et al., 2006

The metabolic scheme shows an oxidation path te i@@lving cytochrome P450 (CYP)
oxidation steps to bromo-2-propanol and bromoacetone. Thisih is proposed based on
several findings:

1. Following intravenous injection 81G-1-BPat nominal doses of 5, 20, or 100 mg/kg,
radioactivity in C@exhaled in 48 hours accounted for approximately 28, 31, and 10% of
the administered dose in rats, an@,226, and 19% in mi¢&arner et al., 2006 (These
data also indicate that oxidative metabolismIBPin rats is more dependent on dose
than oxidative metabolism in mice; the decrease in percentage dose exhaledas CO
the highest dose is greater in ratsatth mice.)

2. Pretreatment of rats with-Bminobenzotriazole (ABT) before administration of single
intravenous doses of ~20 mg/k#G-1-BPor inhalation exposure to 800 ppkiG1-BPfor
6 hours caused decreased exhalation of radioactivity asad@® decreasd formation of
oxidative urinary metabolite@Garner et al., 2006 ABT is an inhibitor of a number of CYP
enzymegEmoto et al., 20083

3. Urinary metabolites derived fromdromo-2-propanol accounted for over half of all
carboncontaining urinary metabolites identified in rats and mice exposed by inhalation
or intravenous injection ofG1-BP, and no 1bromo-2-propanotderived metabolits
were found in urine of ABjretreated rats exposed t&G1-BP(Garner et al., 2006
1-Bromo-2-propanol and bromoacetone themselves were not detected in urine of
1-BRexposed
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Figure_Apx\-1 Formation ofN-AcetytSPropylcysteine from tBromopropaneVia Conjugation with
Reduced Glutathione (GSH)

HN-Acetyl
Glutathione HC\_COOH
Br \
CH
\CH L
2 AN
HZC\ \ /CH2
CH,
H.C
Br 2 \
1-Bromopropane CH

N-Acetyl-S-propylcysteine

Figure_ ApXN-2 Mercapturic Acid Metabolites with a Sulfoxide Group or a Hydroxyl or Carbonyl Group
on the Ropyl Residue ldentified in Urine Samples oBtomopropaneExposed Workers

HN-Acetyl /HN-AcetyI
HC——COOH HC\—COOH
CH, CH,
o—_s< s<
/CH2 /CHz
HZC\ H,C
CH, C—OH
H2
N-Acetyl-S-propylcysteine-S-oxide N-Acetyl-S-(3-hydroxypropyl)cysteine

[also known as
N-acetyl-3-(propylsulfinyl)alanine]
HN-Acetyl

HC——COOH

COOH

N-Acetyl-S-(2-carboxyethyl)cysteine
Sources(Cheever et al., 20Q¥anley et al., 2009
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Results from animal metabolic disposition studies indicate 1hBPis eliminated from the

body by exhalation of the parent material and metabally derived C&and by urinary

excretion of metabolite¢Garner et al., 2006Jones and Walsh, 19¥ %ollowing single
intraperitoneal injections of 200 mg/kg doses of'fC}1-BPin rats, about 60 and 1.4% of the
administered dose was in parent material and>@0Cair expired within 6 hours, respectively,
and about 15% of the administered dose was in urine collected for 48 ljgnmss and Walsh,
1979. Following intravenous injection of{#C}1-BPat nominal doses of 5, 20, or 100 mg/kg,
radioactivity in C@exhaled in 4&ours accounted for about 28, 31, and 10% of the
administered dose in rats, and 22, 26, arf8¥%d.in micdGarner et al., 2006 Radioactivity in
exhaled parent material accounted for about 25, 32, and 71% of the administered dose in rats,
and 45, 39, and 48% in mi@arner et al., 2006 Radioactivity in urine collected for 48 hours
accounted for about 17, 1&nd 13% of the administered dose in rats, and 23, 19, and 14% in
mice(Garner et al., 2006 Radioactivity in feces accounted for <4% of administered doses,
regardless of dose level, in both speqi@sirner et al., 2006

Animal studies also show that the eliminationleBPfrom the body is rapid and accumulation

in the body is not expecteffGarner and Yu, 201&arner et al., 200dshidao et al., 2002

Following intravenous injection of {#C}1-BPat nominaldoses of 5, 20, or 100 mg/kg,
radioactivity remaining in the carcass 48 hours after dose administration accounted for about 6,
6, and 2% of the administered dose in rats, and 4, 2, and 4% in@uxceer et al., 2006

(Garner et al., 2006roposed that radioactivity remaining in the carcass could represent
covalently bound residues from reactive metabolites or incorporatioH®finto cellular
macromolecules from intermediate metabolic pathways. Following intravenous injection of 5 or
20 mg 1-BRkg doses into rats, the mean hdlimes of elimination ofl.-BPfrom the blood were

0.39 and 0.85 hours, respectivégarnerand Yu, 2011 In gas uptake studies with male and
female rats, calculated halimes of elimination forl-BPwere rapid and decreased with

increasing air concentrations @BP(Garner and Yu, 20)4Terminal elimination halfimes

were 0.5, 0.6, 1.1, and 2hburs for males, and 1.0, 1.0, 2.0, and 6.1 hours for females, exposed
to initial air concentrations of 70, 240, 800, add@00 ppm, respectively. Pretreatment of

female rats with ABT to inhibit CYP metabolism (intraperitoneal injection of 5D-Bitkg

4 hours prior to gas uptake measurements) or buthionine sulfoxime, an inhibitor of glutathione
synthesis (1,000 miyBRkg/day orally for 3lays before gas uptake), resulted in longer
elimination halftimes: 9.6 hours with ABT and 4.1 hours with-Bytionine(S,R¥ulfoximine

(BSO), compared with 2.0 hours in untreated females at 800 JMin the gas uptake
chamber(Garner and Yu, 20)4The results with the inhibitors show that both CYP mediated
oxidative metabolism and glutathione conjugation plaayportant roles in the elimination of

1-BP Levels ofl-BPin blood decreased rapidly to detection limits within 0.7 hours after
exposure stopped in Wistar rats exposed to 700 or 1,500 pBR6 K 2 dzZNE K Rl @ T2 NJ %o
(Ishidao et al., 2002 Clearance of the bromide ion from blood and urine, however, showed
slower elimination kingcs: elimination halimes for bromide were 4J15.0 days in blood and
5.0¢7.5 days in urin€ishidao et al., 2002

Based on urinary metabolites identified with nuclear magnetic resonance (NMR) spectroscopy,
liquid chromatographstandem mass spectrometry ({MS/MS), and higiperformance liquid

Page267of 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3051985
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3051985
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3051985
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717491
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347003
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717491
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717491

PEER REVIEW DRABPD NOT QUOTE OR CITE

chromatography (HPLC) radiochrammgraphy(Garner et al., 2006the scheme in Figure3

also shows an initial conjugation bBPwith glutathione leading to MicetytSpropylcysteine,

an oxidation step from-bromo-2-propanol to alphabromohydrin, a glucuronic acid
conjugation step from -bromo-2-propanol to Xbromo-2-hydroxypropaneO-glucuronide, and
glutathione conjugation of-bromo-2-propanol and bromoacetone followed by oxidation steps
leading to metabolites with sulfoxide groups (e.g-adetyt3-[(2-hydroxypropyl)sulfinyl]
alanine). Thesteps involving oxidation of sulfur in the glutathione conjugate derivatives were
proposed to be catalyzed by CYP oxygenases or-tavitaining monooxygenases (FMO) as
suggested b¥rause et al(2002).

Catalysis of the oxidation steps by a number of CYP enzymes is supporesiilss from
metabolic disposition studies in wilgpe andCyp2e¥ - knockout mice (F1 hybrids of 129/Sv
and C57BL/6N strains) exposed by inhalation to 800 pfaa-BPfor 6 hours(Garner et al.,
2007). Three major metabolites were identified in urine collected from siyige mice during
exposureN-acetytS(2-hydroxypropyl) cysteine (34 umoles in collected urinehydmo-
hydroxypropaneO-glucuronide (5umoles), and McetytSpropylcysteine (8 poles). In
Cyp2e¥- mice, the amounts of these metabolites in collected urine were changed to 21, 2, and
24 umoles, respectively. The ratio ehgdroxylated metabolites to fdcetytSpropylcysteine
was approximately 5:1 in wiltype and 1:1Cyp2e¥ - mice. The results indicate that the
elimination of CYP2E1 increased the relative importance of the glutathione conjugation
pathway, but did not eliminate the formation of oxygenated metabolites, suggesting the
involvement of other CYP enzymes, in additiol€¥P2E1, in oxidation steps illustrated in
Figure 35.

Evidence for the initial conjugation @BPwith glutathione leading to the formation of
N-acetytSpropylcysteine comes from a number of studies in rats and i@@egner et al., 2007
Garner et al., 2008Khan and OBrien, 199Jones and Walsh, 1979

1. N-AcetytSpropylcysteine was detected in the urine of wtigpe andCyp2e¥/ - mice
exposed to 800 ppri-BPfor 6 hours, at molar ratios to hydroxylated metabolites of 5:1
and 1:1(Garner et al., 2007

2. N-AcetytSpropylcysteine and Mcetyt3-(propylsulfinyl) alanine (i.e.,-Bcetyt
SpropylcysteineS-oxide) accounted for approximately 39 and 5% of excreted urinary
metabolites, respectively, in urine collected for 24 hours after inhalation expodure o
rats to 800ppm 1-BPfor 6 hours(Garner et al., 2006

3. N-AcetyltSpropylcysteine was a relatively minor urinary metabolite in rats given single
5-mg 1-BRkg intravenous doses, but accounted for >80% of urinary metabolites
following administration of 100 mirBRkg (Ganer et al., 200%

4. N-AcetytSpropylcysteine and McetytSpropylcysteineS-oxide were among the six
mercapturic acid derivatives identified in urine from rats given 20QLB§ kg by
gavage (in arachis oil) for 5 dgysnes and Walsh, 19¥9he structures of the other
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four mercapturic acid derivatives identified were consistent with glutathione
conjugdion of oxygenated metabolites dfBP, rather thanl-BPitself. These included
N-acetytS(2-hydroxypropyl) cysteine, fdcetytS(3-hydroxypropyl) cysteine, and-N
acetyltS(2-carboxyethyl) cystein@lones and Walsh, 19¥9he techniques used in this
study did not determine the relative amounts of the urinary mercapturic acid
derivatives.

5. Isolated hepatocytesicubated for 60 minutes with-BPshowed a decrease in
glutathione content (from 58.4 to 40.8 nmol/6ells), consistent with the importance
of glutathione conjugation in metabolic dispositionleBPin mammalgKhan and
OBrien, 1991

Other studies have identified other metabolites, not included in Figdbeif urine from rats

and mice exposed tt-BPIshidao(lshidao et al., 2002Jones and Walsh, 19¥&nd inin vitro
systemgKaneko et al., 1997Tachizawa et al., 1982ones and Walsh, 19¥9Jones and Walsh,
1979 reported deteting metabolites in urine from rats orally exposedit@Pthat are

consistent with the initial oxidation of the-G of1-BP. N-acety}S(3-hydroxypropyl) cysteine,
3-bromopropionic acid, and {dcetytS(2-carboxyethyl) cysteindGarner et al., 2006vere not

able to detect these metabolites in urine following administration of single intravenous doses
up to 100 mdLl-BRKg in rats or exposure to 800 ppm for 6 hours in rats or miGarner et al.,
2006) proposed that the apparent discrepancy may have been due to adifeapon of minor
metabolites from the pooling, concentration, and acid hydrolysis processes used in the earlier
study. Glycidol (1;2poxy3-propanol) was detected in urine of Wistar rats exposed by
inhalation 6hours/day to 700 ppm for 3 or 4 weeks H500 ppm for 4 or 12 weeks; but no
determination of the amount of this compound was made, and the report did not mention the
detection of any other carbogontaining metaboliteglshidao et al., 2002(Kaneko et al.,

1997 monitored the formation of Fpropanol during incubation of rat liver microsomes with
1-BP. 3-Bromopropanol and -Bromopropionic acid were detected whdnaBPwas incipated in

anin vitrooxidizing system, but-BPmetabolism with rat liver homogenates was not examined
due to the low water solubility of-BP(Jones and Walsh, 19¥%ropene, 1,22poxypropane,
1,2-propanediol, and proprionic acid were detected when liver microsomes from
phenobarbitaltreated rats were incubated with-BP, and the addition of glutathione to th
reaction mixture led to formation of-&' propyl)glutathione and-&' hydroxyil' propyl)
glutathione(Tachizawa et al., 1933Garner et al., 2008eported that propene, propylene

oxide, propanediol, and propionic acid were not detected in liver homogenate incubations with
1-BP, they suggested that the use of phenobarbital as a CYP inducer may have resulted (in the
(Tachizawa et al., 1988tudies) in the formation of metabolites not generated by constituitive
CYP enzymes.

N-4 Elimination
Results from animal metabolic disposition studies indichtd 1-BPis eliminated from the
body by exhalation of the parent material and metabolically derivega®@ by urinary
excretion ofmetabolites(Garner et al., 2006Jones and Walsh, 19¥%ollowing single
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intraperitoneal injections of 200 mg/kg doses of'fC}1-BPin rats, about 60 and 1.4% of the
administered dose was in parent material a@@ in air expired within Gours, respectively,

and about 15% of the administered dose was in urine collected ftwodés(Jones and Walsh,
1979. Following intravenous injection of [#C] 1 bromopropane at nominal doses of 5, 20, or
100 mg/kg, radioactivity i€Q exhaled in 48 hours accounted for about 28, 31, and 10% of the
administered dose in rats, and 22, 26, and 19% in ii@egner et al., 2006Radioactivity in
exhaled parent material accounted for about 25, 32, and 71% of the administered dose in rats,
and 45, 39and 48% in mic@arner et al., 2006Radioactivity in urine collected for 48 hours
accounted for about 17, 19, and 13% of the administered dose in rats, and 23, 19, and 14% in
mice(Garner et al., 2006Radioactivity in feces accounted for <4% of administered doses
regardless of dose level, in both speqi@sirner et al., 2006

Animal studies also show that the eliminationleBPfrom the body is rapid and accumulation

in the body is not expecteffGarner and Yu, 201&arner et al., 200dshidao et al., 2002
Following intravenous injection of {#C}1-BPat nominal doses of 5, 20, or 100 mg/kg,
radioactivity remaining in the carcass 48 hours after dose administration accounted for about 6,
6, and 2% of the administered dos rats, and 4, 2, and 4% in m{&arner et al., 2006

(Garner et al., 2006roposed that radioactivity remaining in the carcass could represent
covalently bound residues from reactive metabolites or incorporatioH®finto cellular
macromolecules from intenediate metabolic pathway$-ollowing intravenous injection of 5 or
20 mgl-BRkg doses into rats, the mean hdlmes of elimination ofi-BPfrom the blood were

0.39 and 0.85 hours, respectivé{garner and Yu, 20)4n gas uptake studies with male and
female rats, calculated halimes of elimination forl-BPwere rapid and decreased with
increasimy air concentrations af-BP(Garner and Yu, 20)4Terminal elimination halfimes

were 0.5, 0.6, 1.1, and 2.4 hours for males, and 1.0, 1.0, 2.0, amb@4 br females, exposed

to initial air concentrations of 70, 240, 800, and 2,700 ppm, respectiRedyreatment of

female rats with ABT to inhibit CYP metabolism (intraperitoneal injection of 5D-Bitkg

4 hours prior to gas uptake measurements) or buthionine sulfoxime, an inhibitor of glutathione
synthesis (1,000 miyBRkg/day orally for 3 days before gas uptake), resulted in longer
elimination halftimes: 9.6 hours with ABT and 4.1 hours with-Bytionine(S,Rsulfoximine

(BSO), compared with 2.0 hours in untreated females at 800 ppm 1 bromopropane in the gas
uptake chambefGarner anl Yu, 201 The results with the inhibitors show that both CYP
mediated oxidative metabolism and glutathione conjugation play important roles in the
elimination of1-BP. Levels ofl-BPin blood decreased rapidly to detection limits within

0.7 hours afer exposure stopped in Wistar rats exposed to 700 or 1,500 pf@R6 hours/day

F 2 NJ x oflshilé $t]al, 2002Clearance of the bromide ion from blood and urine,

however, showed slower elimination kinetics: elimination atfes for bromide were 44
15.0days in blood and 5d7.5 days in urin€lshidao et al., 2002
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Appendix O  ANIMAL AND HUMANTOXICITY STUDIES
CONSIDERED FOR USE IN RISK ASSESSMENT

o1 Reproduc tive Toxicity

A two-generation reproduction study in rats reported adverse effects on male and female
reproductive parameter§WIL Research, 2001The majorityof these effects exhibited a dose
response beginning at 250 ppm, with statistical significance at 500 Pppeto generation
experienced gnificant doserelated decreases in male and female fertility indices at 50,
and in mating indices at 750 pprieftility was 52% and 0% at 500 and 750 ppm, respectively).
A significant increase in the number of females that displayed evidence of mating without
delivery wasalsoobserved at 500 (16f 25, 40%and 750 ppm (18f 25, 68%in the kb
generation.In the F. generation, he number of females that displayed evidence of mating
without deliveryat 500ppmwas greater than contro)dut not statistically significar(8 of 25,
32% versus 3/25, 12%tireated andcontrol dams, respectively. The number of maleg the b
generationthat did not sire a litter numbered 2, 0, 3, 12 and(850, 12, 48 and 100%) the
control, 100, 250 and 758pm groups respectively. In addition, two females treated at 500
ppm showed evidence of mating, and were gravid, but didd=diver litters. The number of
implantation sites, actual number of litters producehdlive litter size were significantly
reduced at 50@pm in the Band k generations.

Significant changes in female reproductive parameters included a dedreabsolute and

relative ovary weights at 750 ppm in thedeneration and an increase in estrous cycle length in
Foand k females (500 ppm). Estrous cycling was not observédaorf females in the 500 ppm
group,three Ry females in the 750 ppm groufhree F females in the 250 ppm group, amaur

F females in the 500 ppm groufhis finding is supported by an inhalation study which showed
significant treatmentrelated effects on estrous cycling in female rats and mice following three
months of 1BP K | f | G A2y SELJ]2 NTANBO & % Hpn LILIY

The toxicological significance of these findings is underscored by related findings at comparable
doses in Fand k generations:

1 Decreased fertility (significant in 5@Ghd 750 ppm groups). Because both males and
females were treated, the observed decreases in fertility could beinpart,to dose
related impairment of male reproductive function.

1 Anincreasen the number of primordial follicleat the highest dosevaluated(750ppm
in b and 500ppm in k) and a decrease ithe number ofcorpora lutea i females at
%500 ppm (significant a750 ppm endpointwasnot measured at 100 or 250 ppm

1 No difference in the numbers aorpora luteawasobserved in Ffemales treated at
500ppm as compared toontrol (ho otherdoseswere evaluated for this endpoiht

1 Asignificantly decreasedumberof implantation sites in JFand k females atk500 ppm
(noimplantationsobservedat 750ppm).

91 Decreasedive litter size (significanat 500 ppmin Fy and F, treatment groups)
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Statistically significant changes in male reproductive and spermatogenic endpoints included:

1 Decreased sperm motility and morphologically normal sperminte® pnn LILIYO |y
F. generations (500 ppm)
RSRdzOSR F6a2fdziS ¢SAIKGE 2F (GKS f STl/Fil YR N :
Decreased absolute prostate weight ind-250 ppm) and Fmales(500 ppm)
Decreased seminal vesicle weight g(F50 ppm) and Fmales(250ppm)
Decreased mean epididymal sperm numbar Fh malesat 750 ppm

E N

These findings positively correlate with thegative effects offiertility observed at 500 ppm
and the complet lack of fertilityobservedin Fy mating parstreated at750 ppm.

0O-2 Neuroto xicity

A number of laboratory animal studies report that both acute and repeated inhalational

exposure to high concentrations ofBP produce peripheral neurotoxicity indicated by changes

in both function and structure of the peripheral nervous systdime degree or severity of

peripheral neurotoxicity produced byBP depends on the concentration as well as duration of
exposurea 2 40 AaAU0dzRASE dzaAy3a O2yOSYiGNXGAzya 2F xwmnn
severely altered gait, hindlimb weaknessass d hindlimb control, convulsions, and death

(e.g.,(Banu et al., 2007Yu et al., 2001Fueta et al., 200dchihara et al 2000a Ohnishi et al.,

1999 ClinTrials, 19974). Concentrations 0400-1000 ppm produce neuropathological

changes including peripheral nerve degeneration, myelin sheath abnormalities, and spinal cord
axonal swellingWang et al., 2002vu et al., 20Glichihara et al., 2000a

Physiological and behavioral measures have been used to characterize and develop dose
response data fothis peripheral neurotoxicityMotor nerve conduction velocity and latency
measured in the rat tail nerve were altered»g00 ppm with progressive changebserved

from 4 to 12 weeks of exposu(&u et al., 200lichihara et al., 2000aThese findings in rats

agree with neurological symptoms reported in exposed humans, including peripheral weakness,
tinglingin extremities, and gait disturbances. The nerve conduction velocity endpoint that was
altered in ratg(Yu et al., 200ichihara et al., 2000as directly comparable to the increased
latencies and lower conduction velocity measured in a population of female factory workers
exposed to IBP(Li et al., 2010gLi et al., 2010flchihara et al., 2004b

Behavoral tests such as grip strength, landing foot splay, tracfimng)time, and gait score
provide doseresponse data and appear somewhat more sensitive than neuropathology or
physiological changekhihara et al(20009 reported progressively worsening effects over
13weeks of exposure at 400 and 800 ppm including decreased hindlimb and forelimb grip
strength, and inability to walk on a slightjoped planegxposure a00 ppm significantly
decreased hindlimb grip only at 4 weeks and otherwise was without effectliringrip was
preferentially decreased compared to forelimb as is often observed with peripheral
neuropathy. Similarly decreased hindlimb strength was reporteBdoyu et al(2007) after

6 weeks of 1-BPexposue at 1000 ppm (but not 400 ppnthese changes had not recovered at

Page272o0f 403


http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519110
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1733942
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717681
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717681
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=96268
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519103
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717409
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519100
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519110

PEER REVIEW DRABPD NOT QUOTE OR CITE

14 weekspostexposure Honma et al(2003 measured the time foarat to hang onto a
suspended bar, which they called a traction test. The average time to hang appeared to be
decreased following 21 days of exposure toppdn, and was significantly so with 200 and
1000ppm; these changes were still evident whammals werdested 7 days latefThe dility

to stay on a rotarod was not alterad these rats suggesting that the weakness is peripherally
mediated.

Resultgeported following @al dosingwith 1-BP ae similarto those reported fdlowing

inhalation exposure. Over 16 weeks of dosing (800 mg/kg/d),Wang et al(2012), reported
progressively decreased hindlimb grip strength, wider landing foot splay, and increased gait
abnormalities. The higdose group was too delitated to test after 14 weeks, but at that time
their grip strength was decreased by 42%, somewhat comparable to the 56% decrease reported
with 13 weeks of 800 ppm inhalational exposuyiehihara et al., 2000aRats exposed to the
lowest concentration of 200 mg/kg/d showed lebsit still statistically significant changes in
gait and decreased (9%indlimb grip strength. Subcutaneous administration of 455 or
1353mg/kg/d (said to be equal to inhalation of 3001000 ppm) overn4 weekperiodalso
produced changes in tail motor nerve functi(hao et al., 199Similar to the effects reported
by others following inhalation exposure.

Some behaviorassays conducted in rats exposed tBR reflect involvement of central as well
as peripheral nervous systems. Increased motor activity levels were measured following
inhalation of 50 or 200 ppm for three weefsonma et al., 2003 Spatial learning and memory
measured in a Morris water maze was severely impaired while rats were receiving oral doses of
200 mdkg/d and greater(Guo et al., 2015Zhong et al., 200)3Guo et al(2015 also reported
that these cognitive deficits correlated with lowered levels of neuroglobin and glutathione
depletion indicative of oxidative stress in the same ratgimuinhalational exposure, water
maze performance was impaired at concentrations of 200 ppm and afptivenaet al., 2003.
However, these concentrations also produced neuromotor difficulties, which would interfere
with performance of the task. There were no changes in water maze performance when
training was initiated after exposure ended. Furthermore, there were no diffeern memory
of a passive avoidance task when the initial learning took place before exposures began
(Honmaet al., 2003.

A number of features reflecting CNS neurotoxicity have been reported-B#.1Brain pathology
has been reported in several, but not all, studies, which may be deggerimentaldifferences
such as tissue sampling, staining, and measant. Histological examination of the brain
showed widespread pathology at 1000 and 1600 ppm, and mild myelin vacuolization at
400ppm, following 28 days of exposuf€linTrials, 1997bhowever, the same testing

laboratory reported no neuropathologyith exposuresip to 600 ppm for 13 week€linTrials,
199739. In the cerebellumexposure a#00 ppm and higher produced degeneration of Purkinje
cells(Mohideen et al., 20130hnishi et al., 1999without morphologi@l changes ithe
hippocampugMohideen et al., 2018 Similar exposure levels decreased noradrenergic but not
serotonergic axonal density in frontal cortex and amygd@lao et al., 2015Viohideen et al.,
2011). In contrast to these reports, no degeneration was observed across several brain sections
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upto 800 ppm despite marked peripheral and spinal cord changes in the samE\aits et

al., 2002 Ichihara et al., 2000aln two otherstudies conducted in the same laboratppne
reported nohistological or morphological changes in brain follonexgosures up to 1250 ppm
for 13 weekqSohn et al., 2002and another reported no neuropathologfter daily exposures
of 1800 ppm for up teight weekgKim et al., 1999ga even though in the lattestudy other
indicators of neurotoxicity were observed.

Decreasd absolute brain weight has been reported in several studies, both in the context of
adult exposures and loAgrm exposures during a@eneration reproductive studystudies
involvingexposures from4 to 12 weeks reported decreased brain weight at 800 and 1000 ppm
(Subramanian et al., 201%anq et al., 2003chihara et al., 2000aKim et al(19999 also
reported decreased brain weight at 300 ppm for 8 weeks, but only provided relative brain:body
weight data In the parental generationf a 2generation study, exposure for at least 16 weeks
alsoproducedbrain weightchanges, with males beimgore sensitive (NOAEL=100 ppm,
LOAEL=250 ppm) than females (NOAELpRB0 (WIL Research, 20DTThe k generation,

which was exposed during gestation and at least 16 weeks after weaning, had lower brain
weight at 100 ppm in males, and again females were less sensitive (NOARBpAD50
Histopathological evaluatits in the WIL studsevealedno correlative macroscopic or
microscopic alterations in unperfused brain tissti@o studies have measured brain weight

and reported no effects: IWang et al., 200 in which expeure was only days and may not
have been a sufficient exposure duration, and 2) thenk3study of(ClinTrials, 1997aeven
though the same laboratory reported decreased brain weight at the same concentration with
only 4 weeks of exposure.

Fueta and colleagudfueta et al., 200Jeno et al., 200;Fueta etal., 2004 Fueta et al.,

20023 Fueta et al., 2002ueta et al., 2000reported a series of studies using
electrophysiological measures of hippocampal slices (dentate gyrus and CA1 regions) from rats
exposed to 1BP for four to 12 weeks. Concentrations of 400 ppm and higher showed
disinhibition in paireepulse population spikes, anti¢ effect was dependent on exposure
concentration and durationThis hyperexcitability appeared to be due to a reduction in

feedback inhibition rather thama change in excitatory synaptic drivEhere was a moderate
correlation withthe level of bromide ia in the brain. Pharmacological probes, proteins and
receptor mRNA levels suggest that these effects are related to actions on the GABA and NMDA
neural systems, and/or intracellular signaling cascdteso et al., 200;Fueta et al., 2004

Fueta et al., 2002d-ueta et al., 2002bA recent Society of Toxicology presentation (abstract

only available) reported similar effects in hippocampal slices frordaldold rat pups whose
mothers were exposed to 400 or 700 pmharing gestatior(Fueta et al., 2013

A number of investigators have probed potential molecular mechanisms for some of these CNS
effects. Exposures of 200 ppm and greater produce changes in biomarkers and proteome
expressions suggesting alterations in the function and maintenance of neuralsémodytic cell
populations. Some of these include indicators of oxidative stress (reactive oxygen species,
glutathione depletion), ATP loss, protein damage, altered apoptotic signaling, neurotransmitter
dysregulation, decreased hippocampal neurogenesisg, others(Huang et al., 2013viohideen
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et al., 2013Zhang et al., 203Zhong et al., 2013Huang et al., 203, Subramanian et al., 2012
Huang et al., 201 I¥oshida et al., 20Q0¥Vang et al., 2003Vang et al., 200R Concentrations

as low as 50 ppm for three weeks were reported to decrease levée gerotonin metabolite
5-HIAA in frontal cortex and taurine in midbrain, while concentrations 6f@8m and greater
impacted additional markers (protein levels, mRNA) of monoaminergic and amino acid
neurotransmitter systemg§Zhang et al., 203z 3Mohideen et al., 20095uda et al., 20Q8Jeno et

al., 2007. Overall these data suggest several and perhaps overlapping cellular and molecular
mechanisms that could contribute to the functional and structural alterations reported for
1-BP.

0O-3 Human Case Reports

Seveal case studies have reported various neurological effects in workers exposegito 1
(Samukawa et al., 201ZDC, 2008Vajersik et al., 200;/Raymond and Ford, 200I¢hihara et
al., 2002 Sclar, 1999 Some of the neurological effects experienced by workers included
peripheral neuropathy, muscle weakness, pain, headaches, numbness, gait disturbance,
confusion, ocular symptoms, slowed mental activity, and dizziness. In some instances, the
effects were 8ll observed many months after exposure had ceased or had been reduced.

Workers described in the case reports were exposedB#Plin the following activitiesnetal
cleaning, circuit board cleaning, and gluing foam cushions or furniture. In almostladl cases
reported in the table below, personal protective equipment was not used and air
concentrations of BP, when available, were greater than 100 ppm. Bromide levels, both
serum and in a few cases, urinary, were provided in some of the studiesramdcluded in the
table below. Bromide concentrations have been used as a biomarker of exposui#RoA
description of the use of bromide levels and the investigation into using other biomarkers of
exposure are included in Section 2.3 of thBR Reprt.

(Raymond and Ford, 20pieported high levels of urinary arsenic, as well as serum bromide, in
the workers described in their case report of four employees who required hospitalization,
suggesting arsenic and bromide sygism. All four of the workers had total (organic and

inorganic) urinary arsenic levels greater than 200 pg/L, but the source of the arsenic could not
be identified. NIOSH reported on these 4 employees in a HHE on a plant where workers applied
spray adheise to cushions, and concluded thtae exposure was likely not occupational and

could not have been the sole cause of ataxia and paresthesias that the four hospitalized
workers experienced
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Table_ApxO-1 Case Reports on-BP

Reference | # Cases | Primary Symptoms | Activity Air levels Serum
Bromide
levels
(mg/dL)!

(Majersik et | 6 Headache, nausea,| Foam 130 ppm Peak range:

al., 2007 dizziness, lower cushion (range, 44-170
extremity gluing at 91-176);
numbness, pain, furniture TWA 108
paresthesias, plant (glue | ppm (range,
difficulty contained 92-127)
walking/balance 70% 1BP)

(Sclar, 1999| 1 Peripheral Metal Not available | Not
neuropathy, stripping available
weakness of lower | (degreasing
extremities and and cleaning)
hand, numbness,
dysphagia

(CDC, 2008 | 2 Confusion, Cleaning 178 ppm 48 mg/dL
dysarthria, circuit boards and not
dizziness, (spray) available for
paresthesias, ataxig 75-250x% case #2
Headache, nausea,| Solvent in background
dizziness, malaise | dry cleaning | levels

(Samukawa | 1 Muscle weakness, | Metal 553 ppm, 58 pug/mL

et al., 2012 pain, numbness in | cleaning mean TWA | (peak)
lower extremities, (range,
gait disturbance 353-663)

(Raymond | 4 Dizziness, anorexia| Gluing in Mean 107 3.0-12.5

and Ford, dysesthesias, furniture ppm (range, | mEg/L (100

2007 nausea, numbness, making 58254 ppm) | mg/dL)

(4 cases ocular symptoms, collected 9

from NIOSH unsteady gait, months after | Arsenic

(2003 weakness, wight workers levels > 200

HHE report loss became ill pg/L for all

on Marx 4

Industries) employeed

(NIOSH, 16 Headache, anxiety, | Spray 1999 (16 Serum GM:

2003 (incl.4 |¥SSft Ay3 & application | personal 4.8 mg/dL

from ydzYoy Saa |ofglueto breathing (2.7-43.5;
Raymond| I Y R y S SR | polyurethane| zone n=39);
(2009 foam to samples): Urinary:
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Table_ApxO-1 Case Reports on-BP

Reference | # Cases | Primary Symptoms | Activity Air levels Serum
Bromide
levels
(mg/dL)!

sensation in legs | make GM 81.2 ppm 46.5 mg/dL
and feet cushions (range, (15.4595.4,
18-254 ppm);| n=40)
2001 (13 PBZ Includes
samples) both
GM 45.7 ppm exposed
(range, 7281 | and
ppm) G dzy SEL
workers
(Ichihara et | 3 Staggering gait, Spray Mean 133 Not
al., 2002 paresthesia in lowel application | ppm, (range, | available
extremities, of glue to 60-261 ppm
numbness in legs, | polyurethane| daily TWA);
headache, urinary | foam to avg over 11
incontinence, decr | make days 133 * 67
in vibration sense in cushions ppm--after
legs ventilation
improved

Biomarker Studies also Containing Case Report Data

(Hanley et | 13 (focused on Spray Mean Urinary: 190

al., 2006 exposure and application | 92 ppm (43-672;

urinary Br) of glue to (range, composite
polyurethane| 45200 ppm) | of 2 days)
foam to
make
cushions

(Ichihara et | 24 Nose, throat, eye | 1-BP 3.390.2 ppm | Urinary

al., 2004h | female irritation; malaise, | production No severe bromide

Ichihara et | 13 male | headachedizziness neurological | measured

al., 20043 | China effects but not

<170 ppm reported

1Serum bromide unless otherwise indicated; Reference ranges vary by report
2Arsenic Reference range0.06

O-4 Human Epidemiology Stud ies
Three studies of workers occupationally exposed-BPLwere located in the literatur@i et al.,

20103 Toraason et al., 200€chihara et al., 2004btwo of the studies report neurologic effects
FYR GKS GKANR RSaONAROSa 5b! RIEYF3AS Ay ¢2N] SNa
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Twentythree female workers involved inBP production in China were surveyed in 2001 and
compared with agenatched controls from a beer factory loeat in the same citfichihara et

al., 2004h. The study authors did not report the method of recruitment. Neurological tests
(vibration sensation, electrophysiologic studies), blood tests, neurobehavioral tests and
postural sway tests were administetePassive sampling indicated individual exposure levels
ranging from 0.34 49.2 ppm in an $our shift (median 1.61 ppm; geometric mean 2.92 ppm).
Some of the employees in this plant were also exposedB®2nd were analyzed separately.
Although some bthe neurologic measures indicated reduced function in exposed workers
compared to controls, because of the past exposures-BiP2and the small number of cases
who entered the study after-BP was no longer used (n= 12 pairs), it was difficult to ingérpr
the results of this study. In workers who were employed at the plant afi8P2avas no longer
used, Benton visual memory test scores, POMS depression, and POMS fatigue were significantly
different. It is not clear whether this indicates a lack of poteedetect differences in the larger
group or whether the exposure to-BP affected the results.

As a followup to the Ichiharaet al. 2004 study described abovéL.i et al., 2010pcombined

data from three 1BP production facilities in China to analyze adasgample of workers. Sixty
female and 26 male workers and controls from other types of factories matched by age, sex and
geographic region were analyzed from four time periods (2001, 2003, 2004, 2005). Data were
collected over 3 days between 2001 and 200Be authors did not describe the recruitment
process, and it is not clear whether the same workers included in the Ichihara 2004 study were
recruited for this study. The authors reported that none of the workers had a history of

diabetes.

Exposures wereneasured for each plant using passive samplers. Exposure was measured
either once or twice over 8 or 12 hour work shifts. TWA exposure concentrationBio 1
ranged from 0.07L06.4 ppm for female workers and 0-064.8 ppm for male workers. It was
reportedthat none of the workers wore gloves or masks in the plant. However, the authors
later clarified that some workers wore glovéshihara et al., 200)1Employees were placed

into low-, medum-, and highexposure groups (for females) to include equal numbers. Median
exposures for the three groups (n=20 per group) were 1.28, 6.60 and 22.58 ppm for females
and 1.05 (low) and 12.5 (high) ppm for males (n=13 per group). Ambient exposure lewls va
by job and by plant and were collected in different years for each plant. For example, the
FYoASYlG O2yOSYyiduNXGA2ya 2F aNI g LINRRdAzOG O2ff SO
Yancheng plantahalyzed ir2003) than at the Yixing plafiti et al., 2010n

Clinical chemistries were obtained, and electrophysiological studies and neurological and
neurobehavioral tests were conducted for each employee. A single neurologist performed most
of the neurological assessments except for those collected in 2084 dree plant, which

included 5 female workers. Electrophysiological tests conducted includethr nerve

conduction velocity, distal latency (DLjwBve conduction velocity in the tibial nerve, sensory
nerve conduction velocity in the sural nerve (SN@K(, amplitude of the electromyogram

induced by motor nerve stimulation;Wwave, and potential of sensory nerve. Vibration sense,
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reflex, and muscle strength were measured using a tuning fork on the big toe. Neurobehavioral
tests and blood tests were alsegormed.

In regression analyses, the authors reported a statistically significant incig<®65) in mean

tibial motor distal latency and a decrease in mean sural nerve conduction velocity in women in
the middle exposure group only (compareddontrols). Statistically sigimtintdecreased

vibration sense in toes (vibration loss) was reported in all exposure groups compared to
controls. In addition, thyroid stimulating hormone (TSH) was significantly different in the middle
and high exposure gups compared to controls and FSH in low and medium exposure groups in
females. Red blood cell count was significantly decreased in all exposure groups compared to
controls in females. In males, the only statistically significant difference between the high
exposure group and controls was fadood urea nitrogen

Analyses of cumulative exposure measures (exposure level x duration) indicated statistically
significant p<0.05) increases in vibration sense in toes in females across all exposure levels
when compared to controls (5.6 + 4.3, 6.4 £ 3.8, and 6.5 + 3.4 secs, mean + SD for low, medium
and high cumulative exposure groups, respectively). In females, only the highative

exposure group for tibial motor DL was statistically higher than in controls and only the low
cumulative exposure group for sural NCV. Analyses to adjust for other factors that could
influence vibration loss (examining neurologist, age, heightylweight, alcohol consumption)
were conducted using analysis of covariance in female workers. The effe@REkposure on
vibration loss was significant (00001 or p .0002) based on cumulative exposures as well
as exposures not considering dumatiof exposure, respectively, but the effect of examining
neurologist was also significant (0<001).

Both of the neurologal studies described aboyki et al., 2010dchihara et al., 2004showed
neurological effectselated to 2BP exposure. The @xposures to BP and the small sample

size of workers exposed only teBP was a limitation in the Ichihaeaal 2004 studyLi et al.
(20109 selected workers exposed teBP from 3 plants to include more study participants;
however, the exposure data reported by plant were limited, the job activities were somewhat
different between plants (but for those jobs with similar activities betweemdasome

exposures were more than 3 times higher at one plant than another), and ambient exposure
levels of 1BP and BP reported by job and by plant were collected in different years for each
plant. Several of these issues could lead to exposure mesfatasion of the workers. TWAs-(8

and 12 hour) were used to assign exposure groups, based on either 1 or 2 samples. Using the
TWA does not account for the fluctuations or potential peaks that may have occurred during
the shift. In addition, the medianxposure level of the high exposure group for females was
22.58 ppm but the range was 15:286.4 ppm, indicating that some of the workers were
exposed to levels much higher than the lowest exposed workers in that group. In addition, the
cumulative exposureneasures were based on ony3iday measurements of individual
exposure levels.

Skin temperature is important when conducting electrophysiological studies; however, the only
control for temperature in this study was to acclimate study participants fo# a room for
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30 minutes. Individual skin temperatures should have been taken at the site of the test (on the
foot) because the results are affected by temperature. Vibration sense can be influenced by
BMI, but it was not reported or controlled in ttetudy. As acknowledged in the report by the
study authors, vibration sense is inherently imprecise (based on the sensitivity of the subject
relative to the examiner). Evidence of a high degree of variability was shown in the large
standard deviations repeéed for vibration sense in females (2.9 + 3.9, mean + SD for controls;
5.6 = 4.4, low exposure group). Other than RBC, only vibration sense in females using the
cumulative exposure measure was concentratt@pendent. RBC in females could have been
influenced by other factors (g., menstruation, dehydration) that were not examined in the
study.

Toraason et a2006) analyzed DNA damage in peripheral leukocytes of workers exposed to
1-BP during spraypplication of adhesives in the manufacture of foam cushions for upholstered
furniture. Sixtyfour workers (18 males, 46 females) at two plants were included in the analysis.
There were no unexposed groups. Fifty of 64 workers wore personal air monitdrs3fdays.
Workers employed as sprayers had the highest exposurB& &r TWA concentrations were
substantially higher (4 times) for sprayers at one of the plants than the other. TWA exposures
ranged from 0.2 to 271 ppm across both plants. DNA damageassessed using comet assay.
DNA damage was measured by tail moment in leukocytes of workers. At both the start and end
of the work week, DNA leukocyte damage was higher for sprayers thaspragers but the
increases were not statistically significaint.addition, the facility with lower exposures had

higher measures of DNA damage than the higher exposure facility at the beginning of the week
but not the end. Tail moment dispersion coefficients did not indicate an expassgonse
relationship. Three ifferent biomarkers of exposure-BP TWA concentrations and serum and
urinary bromide levels, were evaluated in multivariate analyses. After controlling for various
potential confounders, starting and ending work week comet tail moments in leukocytes were
significantly associated with serum bromide quartiles and ending work week valueBpf 1

TWA concentrations. None of the models that examined associations between DNA damage
and dispersion coefficients was statistically significant. There was a stigfioriDNA damage

AY 62N] SNEQ f Sdzl 2 0& (i Sa -BP fut thehrdsltRof theyin viedakh SNB S E
were not consistent.
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Table_ApxO-2 Summary of the Epidemiological and ToxicologiBeltabase for 1BP

(n=10/group)

Target Organ/ Specie3 Exposure Concentratior? Duration® POD (ppm or Effecf Referencé Comment$
Systent Route mg/kg-day)
Death Rat Inhalation 6040 7000, 7400 4 hours LGo= 7000 Death (acute | (EIf Atochem | GLP study
(n=10/group) or 8500ppm inflammatory | S.A., 199y provides evidence
response and of asteep
alveolar edema) concentration
response curve for
lethality
Death Rat Inhalation 11,00Q 13,000, 4 hours LGo= 14,374 Death (Kim et al., GLP study
(n=10/group) 15,000 or 1999hH evidenceof steep
17,000 ppm concentration
response curve for
lethality
Death Rat Inhalation 125, 250 or 6.2 hours/day, NOAEE 250 Decreased | (NTP, 201} GLP studycause
(male) 500ppm 5 days/week survival of death attributed
(n=50/group) for 105 weeks to neoplasms not
related to 1-BP
exposure
Death Mouse Inhalation 125, 250, 500, 6.2 hours/day, NOAEE 250 Decreased (NTP, 2011 GLP studycause
(male) 10000r 2000 ppm 5 days/week survival of death was not
(n=5/group) for 17 days specified
Death Mouse Inhalation 50, 1100r 250 8 hours/day, NOAEE 110 Death (two of | (Liu et al., GLP study
(male) ppm 7 days/week three strains | 2009 hepatocellular
(n=24/group) for 4 weeks affected) necrosisobserved
at 250 ppm in all
strains
Death Mouse Inhalation 125, 2500r 6.2 hours/day, NOAEE 250 Death (first (Andersm et | GLP studycause
(female) 500 ppm 5 days/week for week on study) | al., 2010 of death not
(n=8/group) 4 or 10 weeks specified
Death Mouse Inhalation 62.5 125, 2500r 6.2 hours/day, NOAEE 250 Decreased | (NTP, 201} GLPstudy- cause
(n=20/group) 500 ppm 5 days/week survival rate of death was not
for 14 weeks specified
Death Rat Oral 2000 mg/kg Single exposure LDx0o> 2000 Death (Elf Atochem | GLP studyno
(n=10/group) S.A., 1993p route-to-route
extrapolation
Body weight Rat Inhalation 6040 7000, 7400 4 hours NOAE£ 8500 No effects on | (EIf Atochem | GLP study
(male) or 8500 ppm body weight | S.A., 199y
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Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Body weight Rat Inhalation 200, 4000r 8 hours/day NOAEE 400 Decreased body (Wang et al., | GLP studydata on
(male) 800 ppm for 7 days weight 2002 food consumption
(n=9/group) not provided
Body weight Rat Inhalation 400, 800or 8 hours/day NOAEE 400 Decreased body (Zhang et al., | GLP studydata on
(male) 1000 ppm for 7 days weight 2013 food consumption
(n=12/group) not provided
Body weight Rat Inhalation 125, 250, 500, 6.2 hours/day, NOAEE 1000 | Decreased body (NTP, 2011 GLPstudy- data on
(n=10/group) 10000r 2000 ppm 5 days/week weight food consumption
for 16 days not provided
Body weight Rat Inhalation 10, 50, 200or 8 hours/day, NOAEES50 Increased bdy | (Honma et al., | GLP study
(male) 1000 ppm 7 days/week weight 2003 corresponding
(n=5/group) for 3 weeks changes irfood
consumptionnoted
Body weight Rat Inhalation 50, 2000r 8 hours/day, NOAEE 1000 No effects on | (Sekiguchi et | GLP studydata on
(female) 1000ppm 7 days/week body weight | al., 2002 food consumption
(n=7-8/group) for 3 weeks not provided
Body weight Rat Inhalation 398 994o0r 6 hours/day, NOAEL= 398 Decreased (ClinTrials, GLP study
(n=20/group) 1590 ppm 5 days/week weight gain 199) decreased food
for 4 weeks consumptionnoted
Body weight Rat Inhalation 400, 800o0r 8 hours/day, NOAEE 800 Decreased body (Subramanian| GLP studydata on
(male) 1000 ppm 7 days/week weight etal., 2012 food consumption
(n=12/group) for 4 weeks not provided
Body weight Rat Inhalation 1000 ppm 8 hours/day, LOAEE 1000 | Decreased body (Yu et al., Not suitable for
(male) 7 days/week weight 2007 doseresponse
(n=9/group) for 50r 7weeks analysis because
only one exposure
group was used
Body weight Rat Inhalation 400, 8000r 8 hours/day, NOAEE 400 Decreased body (Banu et al., GLP studydata on
(male) 1000 ppm 7 days/week weight 2007 food consumption
(n=24/group) for 6 weeks were not provided
Body weight Rat Inhalation 50, 3000r 6 hours/day, NOAEE 300 Decreased body (Kim et al., GLP studyno
(n=20/group) 1800ppm 5 days/week weight 19999 change in food
for 8 weeks consumption
Body weight Rat Inhalation 200, 4000r 8 hours/day, NOAEE 200 Decreased body (Ichihara et GLP studydata on
(male) 800 ppm 7 days/week weight al., 2000a food consumption

(n=9/group)

for 12 weeks

not provided
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Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Body weight Rat Inhalation 200, 4000r 8 hours/day, NOAEE 200 Decreased body (Wang et al., | GLPstudy- data on
(male) 800 ppm 7 days/week weight 2003 food consumption
(n=9/group) for 12 weeks were not provided
Body weight Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 400 Decreased body (Yamada et GLPstudy- data on
(female) 800 ppm days/week for weight al., 2003 food consumption
(n=10/group) up to 12 weeks were not provided
Body weight Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No effects on | (ClinTrials, GLP studyno
(n=30/group) or 600 ppm days/week for 13 body weight | 19979 change in food
weeks consumption
Body weight Rat Inhalation 200, 500,0r 6 hours/day, NOAEE 1250 No effects on | (Sohn etal., | GLP study
(n=10/group) 1250 ppm 5 days/week body weight | 2002
for 13 weeks
Body weight Rat Inhalation 62.5 125, 250 6.2 hours/day, NOAEE 500 Decreased body (NTP, 201} GLP studglata on
(male) or 1000ppm 5 days/week weight food consumption
(n=10/group) for 14 weeks not provided
Body weight Rat Inhalation 125, 250 6.2 hours/day, NOAEE 500 No effects on | (NTP, 201} GLP studglata on
(n=100/group) or 500 ppm 5 days/week body weight food consumption
for 105 weeks not provided
Body weight Rat Inhalation 100, 199, 598 6 hours/day on NOAEE 100 Decreased body (Huntingdon | GLP study
(female) or 996 ppm GDs 619 weight gain Life Sciences, | observedbody
(n=10/group) andlactation during gestation| 1999 weightchanges
days 420 were not
statistically
significant
Body weight Rat Inhalation 103, 5030r 6 hours/day on NOAEE 138 Decreased body (Huntingdon | GLP study
(female) 1005ppm GDs 619 weight gain Life Sciences,
(n=25/group) during gestation| 2001)
Body weight Rat Inhalation 100, 4000r 8 hours/day NOAEE 400 Decreased body (Furuhashi et | Quantitativebody
(female) 800 ppm during gestation weight at PND | al., 2006 weightdata

(n=10/group)

(GDs €0)
and lactation
(PNDs 220)

21

provided for the
high-exposure
group only
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Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Body weight Rat Inhalation 100, 250, 500 6 hrs/day during NOAEE 250 Decreased body (WIL GLP study peer
(female) or 750 ppm pre-mating weight (band | Research, reviewed by NTP
(n= 6% TN A F) 2001)
8-25/group) through mating,
and until
sacrifice in
males; or until
GD 20
and from PND 5
until weaning of
offspring (~PND
21) in females
Body weight Mouse Inhalation 125, 250, 500, 6.2 hours/day, 5 NOAEE 500 Decreased body (NTP, 201} GLP study, effect
(male) 10000r 2000 ppm | days/week for 17 weightgain not observed in
(n=5/group) days females
Body weight Mouse Inhalation 50, 1100r 250 8 hours/day, 7 NOAEE 250 No effects on | (Liu et al., GLP study
(male) ppm days/week for 4 body weight | 2009
(n=24/group) weeks
Body weight Mouse Inhalation 125, 2500r 6.2 hours/day, 5 LOAEE 125 Decreased body (Anderson et | GLP study effects
(female) 500 ppm days/week for 4 weight al., 2010 on body weight
(n=8/group) or 10 weeks onlyobserved in
mice exposed for 4
weeks
Body weight Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP studybody
(n=20/group) or 500 ppm days/week for 14 body weight weights appeared
weeks to stay within 10%
of controls based
on data presented
graphically in the
study report
Body weight Mouse Inhalation 62.5 1250r 6.2 hours/day, 5 NOAEE 250 No effects on | (NTP, 201} GLP study
(n=100/group) 250 ppm days/week for body weight
105 weeks
Body weight Rat Oral 2000 mg/kg Single exposure| NOAEL=2000 No effects on | (EIf Atochem | GLP studynot
(n=10/group) body weight | S.A., 1998) able to doroute-

to-route
extrapolation
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Body weight Rat Oral 200, 4000r 12 days NOAEL= 400 | Decreased final| (Zhong et al., | GLP study not
(male) 800 mg/kgday body weight | 2013 able to doroute-
(n=10/group) Used for weight to-route
of evidence; no extrapolation
route-to-route
extrapolation.
Body weight Rat Oral 1000 mg/kgday 14 days LOAEL= 1000 | Decreased body (Xin et al., GLP study not
(male) weight 2010 able to doroute-
(n=7/group) to-route
extrapolation
Body weight Rat Oral 200, 4000r 16 weeks NOAEL400 Decreased body (Wang et al., | Abstractin English,
(male) 800 mg/kgday weight 2012 with partial
(n=10/group) translation ofstudy
methods and
resultsprovided by
primary author.
GLP studynot
able to doroute-
to-route
extrapolation
Body weight Rat Oral 100, 200, 400or 12 days NOAEL=400 | Decreased body (Guo et al., GLP studynot
(male) 800 mg/kgday weight 2015 able to doroute-
(n=14/group) to-route
extrapohtion
Body weight Mouse Oral 200, 5000r Single exposure| NOAEL= 1000 | No effectson | (Lee et al., GLP study not
(female) 1000 mg/kg for 6, 12, 24 or body weight | 2007 able to doroute-
(n=5/group) 48 hrs to-route
extrapolation
Body weight Mouse Oral 300 or600 Exposed fodO NOAEL= 600 No effects on | (Yu et al., GLP study not
(male) mg/kg-day daysprior to body weight | 2008 able to doroute-
(n=20/group) mating to-route
extrapolation
Cardiovascular Rat (male) Inhalation 200, 4000r 8 hours/day, 7 NOAEE 800 No effects on | (Ichihara et GLP sidy-
(n=9/group) 800 ppm days/week for 12 heartweight or | al., 2000b conducted in males
weeks histopathology only, peer

reviewed literature
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Cardiovascular Rat Inhalation 50, 3000r 6 hours/day, 5 NOAEE 1800 No effects on | (Kim et al., GLP studypeer
(n=20/group) 1800 ppm days/week for 8 heart weight or | 19999 reviewedliterature
weeks histopathology
Cardiovascular Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No effects on | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 heart weight or | 19979
weeks histopathology
Cardiovascular Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEE 1000 No effects on | (NTR 2017 GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 heart weight
weeks
Cardiovascular Rat Inhalation 125, 250 or 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 2011 GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks
Cardiovascular Mouse Inhalation 125, 250, 500, 6.2 hours/day, 5| NOAEE£ 2000 Decreased | (NTP, 201} GLP study
(male) 10000r 2000 ppm | days/week for 17| absolute and
(n=5/group) days relative heart
weight
Cardiovascular Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP study
(n=20/group) or 500 ppm days/week for 14 heart weight or
weeks histopathology
Cardiovascular Mouse Inhalation 62.5 1250r 6.2 hours/day, 5 NOAEE 250 No effects on | (NTP, 201} GLP study
(n=50/group) 250 ppm days/week for histopathology
105 weeks
Dermal Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No effects on | (ClinTrials, GLP studyno
(n=30/group) or 600 ppm days/weekfor 13 histopathology | 19973 route-to-route
weeks extrapolation
Dermal Rat Inhalation 62.5 125, 250,500 6.2 hours/day, 5| NOAEE 1000 No effects on | (NTP, 201} GLP studyno
(n=20/group) or 1000 ppm days/week for 14 histopathology route-to-route
weeks extrapolation
Dermal Rat Inhalation 125, 2500r 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP studyno
(n=100/group) 500 ppm days/week for histopathology route-to-route
105 weeks extrapolation
Dermal Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP studyno
(n=20/group) or 500 ppm days/week for 14 histopathology route-to-route
weeks extrapolation
Dermal Mouse Inhalation 62.5 1250r 6.2 hours/day, 5 NOAEE 250 No effects on | (NTP, 201} GLP studyno
(n=100/group) 250 ppm days/week for histopathology route-to-route

105 weeks

extrapolation
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Endocrine Human Inhalation About 40 months Statistically | (Lietal., Limited evaluation
(60 female 0.06114.8 ppm(8- significant 20109 of worker
26 male) hr TWA Increase in exposure peer
concentration) serum TSH in reviewed literature
middle and high
exposure group
compared to
controls; FSH
higher in low
and middle
exposure group
in females
Endocrine Rat Inhalation 400, 800 or 8 hours/day for 7|  NOAE£ 1000 No effects on | (Zhang et al., | GLP studypeer
(male) 1000 ppm days adrenal gland | 2013) reviewed literature
(n=12/group) weight or
plasma
corticosterone
Endocrine Rat Inhalation 50, 3000r 6 hours/day, 5 NOAEE 1800 No effects on | (Kim et al., GLP studypeer
(n=20/group) 1800 ppm days/week for 8 organ weights | 19999 reviewed literature
weeks or
histopathology
Endocrine Ra Inhalation 200, 4000r 8 hours/day, 7 NOAEE 800 No effects on | (Ichihara et GLP study
(male) 800 ppm days/week for 12 organ weights | al., 2000a conducted in males
(n=9/group) weeks or Ichihara et al., | only, peer
histopathology | 2000H reviewed literdure
Endocrine Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 800 No effects on | (Yamada et GLP study
(female) 800 ppm days/week for organ weights | al., 2003 conducted in
(n=10/group) up to 12 weeks or females only peer
histopathology reviewed literature
Endocrine Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No effects on | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 organ weights | 19979
weeks or
histopathology
Endocrine Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEEt 1000 No effects on | (NTP, 201} GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 organweights

weeks

Page287of 403



http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519103
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519103
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717376
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717376
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1733870
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1733870
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1309569
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1309569
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519107
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519107
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1737813

PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Endocrine Rat Inhalation 125, 2500r 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 2011 GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks
Endocrine Rat Inhalation 100, 250, 500 6 hours/day NOAEE 500 Decreased | (WIL GLP study peer
(male) or 750 ppm during pre absolute Research, reviewed by NTR
(n=24/group) YIFEGdAy3 weights of | 2001) theseeffects were
days), adrenals and not observed in
throughout pituitary (F) females
mating, and until
sacrifice in
males; or until
GD 20 and from
PND 5 until
weaning of
offspring (~PND
21) in females
Endocrine Mouse Inhalation 62.5 125 6.2 hours/day, NOAEE 250 Necrosis of | (NTP, 2011 GLP studyno
(femalg or 500 ppm 5 days/week adrenal cortex exposurerelated,
(n=10/group) for 14 weeks (moderate to non-neoplastic
marked) changes were
observed in other
endocrine gland
Endocrine Mouse Inhalation 62.5 125 6.2 hours/day, 5 NOAEL= 250 No effects on | (NTP, 201} GLP study
(n=100/group) or 250 ppm days/week for histopathology
105 weeks
Gastrointestinal Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No effects on | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 histopathology | 19973
weeks
Gastrointestinal Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEE 1000 No effects on | (NTP, 201} GLPstudy
(n=20/group) 5000r 1000 ppm | days/week for 14 histopathology
weeks
Gastrointestinal Rat Inhalation 125, 250 6.2 hours/day, 5 NOAEL= 500 No effects on | (NTP, 201} GLP study
(n=100/group) or 500 ppm days/week for histopathology
105 weeks
Gastrointestinal Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP study
(n=20/group) or 500 ppm days/week for 14 histopathology

weeks
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Gastrointestinal Mouse Inhalation 62.5 1250r 6.2 hours/day, 5 NOAEE 250 No effects on | (NTP, 2011 GLP study
(n=100/group) 250 ppm days/week for histopathology
105 weeks
Hematological Human Inhalation 81.2 ppm GM; 2 weeks to 2 Noeffects on | (NIOSH, 2003 | No effects noted;
(n=43) range 18254 pm) months hematology not used in
parameters quantitative
analysis
Hematological Human Inhalation 0.06114.8 ppm (8 | About 40months RBC in femaleg (Li et al., No other related
(60 female hr TWA only 2010gLi et clinical chemistries
26 male) concentration) significantly | al., 2010 affected; Imited
decreased evaluation of
across exposure worker exposure
groups Not used in
guantitative
analysis.
Hematological Human Inhalation 168.9 ppm; (mean 4-9 years No statistically | (NIOSH, No statistically
(n=43) significant 20029 significant effects
effects on reported
hematology
parameters
Hematological Rat Inhalation 6040 7000, 7400 4 hours NOAEESS00 No effects on | (Elf Atochem | GLP study
(male) or 8500ppm hematology | S.A., 199y
(n=10/group) parameters
Hematological Rat Inhalation 398 994o0r 6 hours/day, 5 NOAEE 398 Decreased (ClinTrials, GLP study
(n=20/group) 1590 ppm days/week for 4 erythrocyte 1997b
weeks parameters
Hematological Rat Inhalation 1000 ppm 8 hours/day, 7 LOAEE 1000 Decreased | (Yuetal, Not suitable for
(male) days/week for 5 mean 2007 doseresponse
(n=9/group) or 7weeks corpuscular analysis because
volume only one exposure
group was used
Hematological Rat Inhalation 50, 3000r 6 hours/day, 5 NOAEE 300 Decreased | (Kim et al., GLP studypeer
(n=20/group) 1800 ppm days/week for 8 WBCs, RBCs,| 19999 reviewed literature

weeks

hematocrit and
MCV; increased

Hgb and MCH

biological
relevance
uncertain
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Hematological Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 400 Decreased | (Ichihara ¢ GLP study
(male) 800 ppm days/week for 12 MCHC; al., 2000b conducted in males
(n=9/group) weeks increased MCV only, peer
reviewed literature
Hematological Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAE£ 400 Decreased WB( (ClinTrials, GLP study effects
(female) or 600 ppm days/week for 13 and absolute | 19979 not observed after
(n=15/group) weeks lymphocytes (at 13 weeksof
6 weeks) exposure
Hematological Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEEt 1000 No effects on | (NTP, 2011 GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 hematology
weeks parameters
Hematological Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP study
(n=20/group) or 500 ppm days/week for 14 hematology
weeks parameters
Immune Rat Inhalation 250, 5000r 6.2 hours/day, 5 NOAEE 500 Decreased (Anderson et | GLP studyIgM
(female) 1000 ppm days/week for 4 spleen IgM | al., 2010 response occurred
(n=8/group) or 10 weeks response to in the absence
SRBC; effects on spleen
decreased T cellularity or serum
cells IgM (at 10 weeks)
Immune Rat Inhalation 50, 3000r 6 hours/day, 5 NOAEE 1800 No effects on | (Kim et al., GLP studypeer
(n=20/group) 1800 ppm days/week for 8 histopathology | 19999 reviewed literature
weeks (thymus and
spleen)
Immune Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 800 No effects on | (Ichihara et GLP study
(male) 800 ppm days/week for 12 organ weights | al., 2000h conducted in males
(n=9/group) weeks or only, peer
histopathology reviewed literature
(spleen and
thymus)
Immune Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 800 No effects or | (Yamada et GLP study
(female) 800 ppm days/week for organ weights | al., 2003 conducted in

(n=10/group)

up to 12 weeks

or
histopathology
(spleen and

thymus)

females only peer
reviewed literature
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Immune Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEE 600 No immune | (ClnTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 effects 19979
weeks
Immune Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEE 1000 No effects on | (NTP, 201} GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 histopathology
weeks (lymphoreticula
r tissues)
Immune Rat Inhalation 125, 2500r 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 2011 GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks (lymphoreticula
r tissues)
Immune Rat Inhalation 100, 250, 500 6 hours/day NOAEE 750 Increased (WIL GLP study peer
(n=25/group) or 750 ppm during pre brown pigment | Research, reviewed by NTP
Y GAy3 in the spleen | 2001)
days),
throughout
mating, and until
sacrifice in
males; or until
GD 20 and from
PND 5 until
weaning of
offspring (~PND
21) in females
Immune Mouse Inhalation 125, 2500r 6.2 hours/day, 5 LOAEE 125 Decreased (Anderson et | GLP study effect
(female) 500 ppm days/week for 4 spleen IgM al., 2010 occurred in the
(n=8/group) or 10 weeks response to absence of an
SRBC effect on serum
IgM. Quantitative
data not available.
Immune Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEE 500 No effects on | (NTP, 201} GLP study
(n=20/group) or 500 ppm days/week for 14 histopathology
weeks (lymphoreticula
r tissues)
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Immune Mouse Inhalation 62.5 125, 250, 6.2 hours/day, 5 NOAEE 250 No effects on | (NTR 2011 GLP study
(n=100/group) 5000r 250 ppm days/week for histopathology
105 weeks (lymphoreticula
r tissues)
Immune Mouse Oral 200, 5000r Single exposure LOAEL= 200 Reduced (Lee et al., GLP studynot
(female) 1000 mg/kg for 6, 12, 24 or antibody 2007 able to doroute-
(n=5/group) 48 hrs response to T to-route
antigen Used extrapolation
for weight of
evidence; no
route-to-route
extrapolation.
Liver Human Inhalation 0.06114.8 ppm (8 | About 40 months No effects on | (Liet al., No effects noted;
(60 female, 26 hr TWA liver clinical | 20109 not used in
male) concentration) chemistry guantitative
parameters analysis
Liver Rat Inhalation 125, 250, 500, 6.2 hours/day, 5 NOAEL= 125 Increased (NTP, 2011 GLP study
(male) 10000r 2000 ppm | days/week for 16 absolute and evidence of
(n=5/group) days relative liver histopathological
weights changesbserved
in the liver
Liver Rat Inhalation 1000 ppm 8 hours/day, 7 LOAEE 1000 No effects on | (Yu et al., Not suitable for
(male) days/week for 5 histopathology | 2007 doseresponse
(n=9/group) or 7 weeks analysis because
only one exposure
group was used
Liver Rat Inhalation 50, 3000r 6 hrs/day, NOAEE 50 Increased (Kim et al., GLP studyno
(male) 1800 ppm 5 days/wk for8 relativeliver 1999h) histopathologyor
(n=10/group) wks weight clinical chemistry
changesndicative
of liver damage
were identified
Liver Rat Inhalation 700 or 1500 ppm | 6 hours/day, 5 LOAEL 700 Decreased | (Fueta et al). GLP studyno
(male) days/week for 4 plasma ALT microscopic
(n=10/group) and 12 weeks activity examination of

liver conducted
peer reviewed
literature
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Liver Rat Inhalation 200, 4000r 8 hours/day, 7 NOAEE 400 Increased (Ichihara et GLP study
(male) 800 ppm days/week for 12 absolute and | al., 2000 conducted in males
(n=9/group) weeks relativeliver only, peer
weight reviewed literature
Liver Rat Inhalation 200, 4000r 8 hours/day, 7 LOAEE 200 Increased (Yamada et GLP study
(female) 800 ppm days/week for absolute and | al., 2003 conducted in
(n=10/group) up to 12 weeks relative liver females only; liver
weight histopathology
observed at the
highest exposure
concentration
Liver Rat Inhalation 100, 200, 400 6 hours/day, 5 LOAEL= Increased (ClinTrials, GLP study
(male) or 600 ppm days/week for 13 100 incidence of | 19979
(n=15/group) weeks cytoplasmic
vacuolization
Liver Rat Inhalation 62.5 125, 250, 6.2hours/day, 5 NOAEE 125 Increased liver | (NTP, 2011 GLP study
(female) 5000r 1000 ppm | days/week for 14 weight;
(n=10/group) weeks increased
incidence of
cytoplasmic
vacuolization
Liver Rat Inhalation 125, 2500r 6.2 hours/day5 NOAEE 500 No effects on | (NTP, 201} GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks
Liver Rat Inhalation 100, 250, 500 6 hours/day NOAEL=100 Increased (WIL GLP study peer
(male) or 750 ppm during pre incidence of | Research, reviewedby NTP
(n=25/group) YIGAy3 vacuolization of| 2001)
days), centrilobular
throughout hepatocytes ()
mating, and until
sacrifice
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Liver Rat Inhalation 100, 250, 500 6 hours/day NOAEL=250 Increased (WIL GLP study peer
(female) or 750 ppm during pre incidence of | Research, reviewed by NTP
(n=25/group) Y GdAy3 vacuolization of| 2007)
days), centrilobular
throughout hepatocytes ()
mating, and until
GD 20; from PN
5 until weaning
of offspring
(~PND 21)
Liver Mouse Inhalation 125, 250, 500, 6.2hours/day, 5 NOAEL= 250 Centrilobular | (NTP, 201} GLP study
(male) 10000r 2000 ppm | days/week for 17| necrosigmild increased liver
(n=5/group) days to moderate) weightreported in
males and females
at this dose
Liver Mouse Inhalation 50, 110 8 hours/day, 7 LOAEL= 50 Hepatocellular | (Liu et al., GLP studyone of
(male) or 250 ppm days/week for 4 degeneration | 2009 three strains
(n=24/group) weeks and focal affected at this
necrosis concentration
peer reviewed
literature
Liver Mouse Inhalation 1000r 300 ppm 8 hours/day, 7 LOAEL= 100 Necrosisand | (Liu et al., GLP study
(male) days/week for 4 hepatocyte 2010 magnitude of
(n=8/group) weeks degeneration change was small
(<1%) but
statistically
significant
Liver Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEL= 250 Necrosis and | (NTP, 201} GLP study
(n=20/group) or 500 ppm days/week for 14 hepatocyte
weeks degeneration
Liver Mouse Inhalation 62.5 125 6.2hours/day, 5 NOAEL= 250 No effects on | (NTP, 201} GLP study
(n=100/group) or 250 ppm days/week for histopathology

105 weeks
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Liver Rat Oral 200, 4000r 16 weeks LOAEL= 200 Increased (Wang et al., | GLP study not
(male) 800 mg/kgday relative liver | 2012 able to doroute-
(n=10/group) weight Used to-route
for weight of extrapolation
evidence; no
route:to:route
extrapolation
Liver Mouse Oral 200, 5000r Single exposure NOAEL= 200 Centrilobular | (Lee et al., GLP study not
(female) 1000 mg/kg for 6, 12, 24 or hepatocyte | 2007 able to doroute-
(n=5/group) 48 hrs swelling to-route
extrapolation
Metabolic Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEL= 600 No effects on | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 electrolyte or | 19979
weeks glucose levels
Musculoskeletal Rat Inhalation 200, 400 8 hours/day, 7 NOAEL= 400 Alteration in | (Ichihara et GLP study
(male) or 800 ppm days/week for 12 soleus muscle | al., 2000
(n=11/group) weeks myofilaments
Musculoskeletal Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEL= 600 No effects on | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 histopathology | 19979
weeks
Musculoskeletal Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEL= 1000 | No effectson | (NTP, 201} GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 histopathology
weeks
Musculoskeletal Rat Inhalation 125, 2500r 6.2 hours/day, 5 NOAEL= 500 No effects on | (NTP, 201} GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks
Musculoskeletal Mouse Inhalation 62.5 125, 6.2 hours/day, 5 NOAEL= 500 No effects on | (NTP, 201} GLP study
(n=20/group) 2500r 500 ppm | days/week for 14 histopathology
weeks
Musculoskeletal Mouse Inhalation 62.5 125, 6.2 hours/day, 5 NOAEL= 250 No effects on | (NTP, 201} GLP study
(n=100/group) or 250 ppm daysiveek for histopathology
105 weeks
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Nervous System| Human Inhalation 107 ppm < 2 weeks N/A Clinicalsigns of | (Raymond and, Case reports.
(3 female, 1 (geometric mean; neurotoxicity | Ford, 200y Arsenic levels
male) range: 58254 (including (from unidentified
ppm) headache, source) also high in
dizziness, all 4 cases
numbness,
weakness)
Nervous System Human Inhaldion 133 ppm (daily 2 to 12 months N/A Staggering, | (Ichihara et Case reports. Air
(female, n = 3) TWA lower extremity | al., 2002 samples collected
concentration); paresthesias (for 1case) only
range: 66261 ppm and after ventilation
dysesthesia, was improved
ataxia,
numbness in
back, legs, hips
weakness,
autonomic
dysfunction,
mood changes)
Nervous System  Human (1 Inhalation 533 ppm (TWA 18 months N/A Severe ataxia, | (Samukawa et| Case report on 1
male) concentration) motor and al., 2012 male. Symptoms
range, 353663 sensory subsided after
ppm) impairments, several months
axonal damage without exposure
(based on sural
nerve biopsy)
Nervous System Human (23 Inhalation 2.92 ppm 27 months Increased distal| (Ichihara et Some exposure to
female cases; (geometric mean; (mean) latency, al., 2004b both 1-BP and 2
23 controls) range 0.34; 49.2 decreased BP. Only 12 pairs
pm) vibration sense exposed to 1BP
in toes, only; may lack
decreased statistical power to

Benton visual
memory test
scores

detect differences
in this subgroup.
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Human Inhalation 81.2 ppm GM; 2 weeks to 2 Dizziness, lowel (NIOSH2003 | Health Hazard
(n=32) (range 18254 months extremity Evaluation
ppm) weakness, reporting health
difficulty effects from 1BP
standing or and 2BP
walking, exposures. Urinary
paresthesias. arsenic levels were
also highin
workers.
Nervous System Human Inhalation 108 ppm (#hr > 3 years Inability to (Majersik et Case reports
(4 female, 2 TWA walk,spastic | al., 2007
male) concentration) paraparesis
distal sensory
loss,
hyperreflexia
Nervous System  Human (60 Inhalation 0.06114.8 ppm (8 | About 40 months Stat signif (Lietal., No clear dose
female, 26 hr TWA decreased 20109 response
male) concentrations) vibration sense relationship for DL
in toes in all or SNCyhot
exposure statistically
groups significant; possible
compared to exposure
controls; misclassification by
increased tibial combination of
motor distal plants collected
latency and over years based
decreased stal on 1 or 2 samples;
nerve skin temperature
conduction not taken
velocity individually and

compared to
controls but
stat signif in
middle
exposure group
only

BMI not adjusted
for

electrophysiological
| tests.
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System| Human (n=43)| Inhalation 168.9 ppm (mean) 4-9 years (NIOSH, The study is limited
Headache, | 20023 by small sample
tingling in hands size of employees
or feet, tremor reporting
symptoms
Nervous System Rat Inhalation 50, 300,or 6 hours/day, 5 NOAELS0 Decreased | (Kim et al., Data only provided
(male) 1800 ppm days/week for 8 relative brain | 1999hH as brain:body
(n=10/group) weeks weight weight ratig peer
reviewed literature
Nervous System Rat Inhalation 11,00Q 13,000, 4 hours LOAEL=11,000 Ataxia, (Kim et al., Efects were
(n=10/group) 15,0000r lacrimation, 1999hH observed aboth
17,000 ppm decreased exposure
activity concentrations
(incidence not
reported). Lethality
Fd % mo;Zn
peer-reviewed
literature
Nervous System Rat Inhalation 200, 4000r 8 hours/day for 7 LOAEL=200 | Altered neuron | (Wang et al., | Mechanistic data
(male) 800ppm days specific proteins| 2002 peerreviewed
(n=9/group) and ROS literature
Nervous System Rat Inhalation 200, 400, 800 8 hours/day for 7 LOAEL= 200 Decreased | (Zhang et al., | Mechanistic data
(male) or 1000 ppm or 28 days hippocampal | 2013 peer-reviewed
(n=6- glucocorticoid literature
12/group) receptor
expression
Nervous System Rat Inhalation 1500 ppm 6 hours/day, 5 LOAEL= 1500 Paired pulse | (Fueta et al., | Not suitable for
(male) days/week for 1, disinhibition | 20023 Fueta | doseresponse
(n=6 3, or 4 weeks (DG and CAl | et al., 2002h | analysis because
13/group) pyramidal only one exposure
neuron); group was used
behavioral peerreviewed
abnormalities literature
Nervous System Rat Inhalation 400 or 1000 ppm | 8 hours/day, 7 LOAEL= 400 Altered (Huang et al., | Mechanistic data
(male) days/week for 1 regulation and | 2017) peerreviewed
(n=9/group) or 4 weeks expression of literature
hippocampal
proteins
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 400 or 100gopm 8 hours/day, 7 LOAEL= 400 Increased (Huang et al., | Mechanistic data
(male) days/week for 1 hippocampal | 2012 peerreviewed
(n=9/group) or 4 weeks ROS levels literature
Nervous System Rat Inhalation 400 or 1000 ppm | 8 hours/day, 7 LOAEL= 400 Altered (Huang et al., | Mechanistic data
(male) days/week for 1 regulation and | 2015 peer-reviewed
(n=9/group) or 4 weeks expression of literature
hippocampal
proteins
Nervous System Rat Inhalation 10, 500r 200 ppm | 8 hours/day, 7 NOAEL= 10 Increased (Honma et al., | Activity changes
(male) days/week for 3 spontaneous | 2003 persisted 34 days
(n=4/group) weeks locomotor after exposure
activity ended peer
reviewed literature
Nervous System Rat Inhalation 10, 50, 200 8 hours/day, 7 NOAEL= 50 Decreased time| (Honma et al., | Data selected by
(male) or 1000 ppm days/week for 3 hanging from a| 2003 EPA for dose
(n=5/group) weeks suspended bar response analysis
peer-reviewed
literature
Nervous System Rat Inhalation 50, 200 8 hours/day, 7 LOAEL=50 Altered (Suda et al., Mechanistic data
(male) or 1000 ppm days/week for 3 neurotransmitt | 2009 peerreviewed
(n=45/group) weeks er and literature
metabolites
Nervous System Rat Inhalation 398 994o0r 6 hours/day, 5 LOAEL= Histopathologic| (ClinTrials, GLP study
(n=20/group) 1590 ppm days/week for 4 398 al abnormalities| 1997b
weeks in the CNS
Nervous System Rat Inhalation 400 to 1000 ppm | 8 hours/day, 7 NOAEL=400 | Changes in the| (Mohideen et | Mechanisticdata;
(male) days/week for 4 MRNA al., 2009 peer-reviewed
(n=9/group) weeks expression of literature
serotonin,
dopamine, and
GABA receptors
Nervous System Rat Inhalation 400 to 1000 ppm | 8 hours/day, 7 NOAEL= 400 Decreased | (Mohideen et | Mechanisticdata;
(male) days/week for 4 density of al., 201} peerreviewed
(n=6/group) weeks noradrenergic literature

axons in frontal
cortex and

amygdala
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 400 to 1000 ppm | 8 hours/day, 7 LOAEL= 400 Increased (Mohideen et | Mechanisticdata.
(male) days/week for 4 astrogliosis | al., 2013 Only 3
(n=12/group) weeks rats/exposure
group were
subjected to
microscopic
evaluations peer
reviewed literature
Nervous System Rat Inhalation 400, 800or 8 hours/day, 7 LOAEL= 400 Morphological | (Subramanian| Mechanisticdata;
(male) 1000 ppm days/week for 4 changesin | etal., 2012 peerreviewed
(n=12/group) weeks cerebellar literature
microglia and
increased ROS
Nervous System Rat Inhalation 1500 ppm 6 hours/day, 5 LOAEL= 1500 Decreased | (Ohnishi et al.,| Not suitable for
(male) days/week for 4 activity, 1999 doseresponse
(n=8/group) weeks behavioral analysis because
abnormalities, only ore exposure
movement group was used
disorders, peerreviewed
histopathologic literature
al changes in
Purkinje cells
Nervous System Rat Inhalation 1500 ppm 6 hours/day, 5 LOAEL= 1500 Paired pulse | (Fueta et al., | Not suitable for
(male) days/week for 4 disinhibition, | 2002bH doseresponse
(n=13/group) weeks neuronal analysis because
dysfunction in only one exposure
dentate gyrus; group was usegd
convulsive peerreviewed
behaviors literature
Nervous System Rat Inhalation 700 ppm 6 hours/day, 5 LOAEL=700 Paired pulse | (Fueta etal., | Not suitable for
(male) days/week for 4, disinhibition in | 2004 doseresponse
(n=7 8, or 12 weeks ex vivo analysis because
14/group) hippocampal only one exposure

slices (DG and
CA1 pyramidal

neuron)

group was usegd
peerreviewed
literature

Page3000f 403



http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717378
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717378
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1533580
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1533580
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717681
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717681
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1733939
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1733939
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717472
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717472

PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 1000 ppm 8 hours/day, 7 LOAEL= 1000 Movement (Yuetal., Not suitable for
(n=9/group) days/week for 5 disorder, 2001) doseresponse
or 7 weeks altered motor analysis because
nerve only one exposure
conduction group was used.
velocity and Same data
distal nerve reported in two
latency in tail publications Peer
nerve); reviewed literature
histopathologic
al changes to
CNS and PNS
Nervous System Rat Inhalation 400, 800or 8 hours/day, 7 NOAEL= 400 Movement (Banu et al., | Peerreviewed
(male) 1000 ppm days/weekfor 6 disorder, 2007 literature
(n=24/group) weeks decreased hind
limb grip
strength
Nervous System Rat Inhalation 700 ppm 6 hours/day, 5 LOAEL= 700 Paired pulse | (Fueta et al., | Not suitable for
(male) days/week for 8 disinhibition in | 20029 doseresponse
(n=12/group) weeks ex vivo analysis because
hippocampal only one exposure
slices (DG and group was used
CA1 pyramidal peer-reviewed
neuron); literature
increased
protein kinase
activities
Nervous System Rat Inhalation 2000r 400 ppm 6 hours/day, 5 NOAEL= 200 Paired pulse | (Fueta ¢ al. This study was
(male) days/week for 8 disinhibition in | 2007 conducted in males
(n=6/group) or 12 weeks ex vivo only; peer
hippocampal reviewed literature
slices (DG and
CAlpyramidal
neuron)
Nervous System Rat Inhalation 50, 300 or 6 hours/day, 5 NOAEL= 1800 | No effectson | (Kim et al., Peerreviewed
(n=20/group) 1800 ppm days/week for 8 brain 19999 literature

weeks

histopathology
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 200, 4000r 8 hours/day, 7 LOAEL=200 | Decreased hind (Ichihara et Lowest
(male) 800 ppm days/week for 12 limb grip al., 2000 concentration
(n=11/group) weeks strength significant during
but not at end of
exposure peer
reviewed literature
Nervous System Rat Inhalation 200, 4000r 8 hours/day, 7 LOAEL= 200 | Altered neuron | (Wang et al., | Mechanisticddata;
(male) 800 ppm days/week for 12 specific proteins| 2003 peerreviewed
(n=9/group) weeks and increased literature
ROS
Nervous System Rat Inhalation 400 ppm 6 hours/day, 5 LOAEL=400 | Changes in gen¢ (Yoshida et al.| Mechanistic data
(male) days/week for 12 expression of | 2007 peer-reviewed
(n=6/group) weeks anti-apoptotic literature
proteins in
astrocytes
Nervous System Rat Inhalation 400 ppm 6 hours/day, 5 LOAEL= 400 Decreased (Ueno et al., Not suitable for
(male) days/week for 12 paired pulse | 2007 doseresponse
(n=8/group) weeks inhibition in ex analysis because
Vvivo only one exposure
hippocampal group was used.
slices (dentate Peerreviewed
gyrus) literature
Nervous System Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEL= 600 No changes | (ClinTrials, GLP study
(n=30/group) or 600 ppm days/week for 13 based on 19973
weeks functional
observational
battery, motor
activity, organ
weight, or
histopathology
Nervous System Rat Inhalation 200, 5000r 6 hours/day, 5 NOAEL= 1250 No effects (Sohn et al., Peerreviewed
(n=10/group) 1250 ppm days/week for 13 histopathology | 2002 literature
weeks of centralor
peripheral

nervous tissues

Page302o0f 403



http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717485
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717485
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717454
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717454
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717460
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1717460
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991104
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519117
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519117

PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 125, 250, 500, 6.1hours/day, 5 NOAEL=1000 | Hindlimb splay | (NTP, 201} No mention of
(n=10/group) 10000r 2000 ppm | days/week forl6 ppm brain
days histopathology
results GLP study
Nervous System Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEL= 1000 No effects (NTP, 2011 No mention of
(n=20/group) 5000r 1000 ppm | days/week for 14 brain
weeks histopathology
results GLP study
Nervous System Rat Inhalation 125, 250 6.2 hours/day, 5 NOAEL= 500 No effects (NTP, 2011 No mention of
(n=100/group) or 500 ppm days/week for brain
105 weeks histopathology
results GLP study
Nervous System Rat Inhalation 100, 250, 500 6 hours/day NOAEL= 100 | Decreased brair] (WIL GLP study peer
(n=25/group) or 750 ppm during pre weight (k) Research, reviewed by NP
YIEGAYy3 200))
days),
throughout
mating, and until
sacrifice in
males; or until
GD 20 and from
PND 5 until
weaning of
offspring (~PND
21) in females
Nervous System Rat Inhalation 100, 250, 500 6 hours/day LOAEL= 100 | Decreased brair] (WIL GLP study peer
(male) or 750 ppm during pre weight Research, reviewed by NTP.
(n=24 YIGAy3 (weanling and | 2001) Females less
25/group) days), adultF) sensitive
throughout
mating, and until
sacrifice in

males; or until
GD 20 and from
PND 5 until
weaning of
offspring (~PND
21) in females
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comment$
Systent Route mg/kg-day)
Nervous System Rat Inhalation 100, 250, 500 6 hours/day NOAEL= Zb Decreased brair] (WIL GLP study peer
(n=15 or 750 ppm during pre weight Research, reviewed by NTP
22/group) Y GdAy3 (weanlingR) | 2001
days),
throughout
mating, and until
sacrifice in
males; or until
GD 20 and from
PND 5 until
weaning of
offspring (~PND
21) in females
Nervous System Mouse Inhalation 125, 250, 500, 6.1 hours/day, 5 NOAEL=2000 No effects (NTP, 2011 No mention of
(n=10/group) 10000r 2000 ppm | days/week forl7 ppm brain
days histopathology
results GLP study
Nervous System Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEL= 500 No effects (NTP, 2011 No mention of
(n=20/group) or 500 ppm days/week for 14 brain
weeks histopathology
results GLP study
Nervous System Mouse Inhalation 62.5 125, 250 6.2 hours/day, 5 NOAEL= 250 No effects (NTP, 2011 No mention of
(n=100/group) or 250 ppm days/week for brain
105 weeks histopathology
results GLP study
Nervous System Rat Oral 100, 200, 40Qr 12 days LOAEL=100 | Impaired spatial| (Guo et al., Not able to do
(male) 800 mg/kgday learning and | 2015 route-to-route
(n=14/group) memory; extrapolation
neuron loss in peerreviewed
prelimbic literature
cortex;
increased ROS
in cerebral
cortex
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Nervous System Rat Oral 200, 4000r 12 days LOAEL= 200 | Impaired spatial| (Zhong et al., | Nat able todo
(male) 800 mg/kgday learning and | 2013 route-to-route
(n=10/group) memory. Used extrapolation
for weight of peer-reviewed
evidence literature
Nervous System Rat Oral 200, 4000r 16 weeks LOAEL= 200 Decreased | (Wangetal., | English abstract
(male) 800 mg/kgday hindlimb grip | 2012 and patrtial
(n=10/group) strength; translation of
increased gait methods and
score Used for results.Used for
weight of weight of evidence.
evidence; no Peerreviewed
route-to-route literature able to
extrapolation. do route-to-route
Nervous System| Rat (male) | Subcutaneous 37a11 4 weeks LOAELS3.7 Increased tail | (Zhao et al., Not able to do
(n=7-9/group) mmol/kg-day motor nerve | 1999 route-to-route
latency extrapolation;
peer-reviewed
literature
Ocular Rat Inhalation 100, 200, 400 6 hours/day, 5 NOAEL= 600 No effects on | (ClinTrials, GLP study
(n=3Qgroup) or 600 ppm days/week for 13 histopathology | 19973
weeks
Ocular Rat Inhalation 62.5 125, 250, 6.2 hours/day, 5| NOAEL= 1000 | No effectson | (NTP, 201} GLP study
(n=20/group) 5000r 1000 ppm | days/week for 14 histopathology
weeks
Ocular Rat Inhalation 125, 2500r 6.2 hours/day, 5 NOAEL= 500 No effects on | (NTP, 201} GLP study
(n=100/group) 500 ppm days/week for histopathology
105 weeks
Ocular Mouse Inhalation 62.5 125, 6.2 hours/day, 5 NOAEL= 500 No effects on | (NTP, 201} GLP study
(n=20/group) 2500r 500 ppm | days/week for 14 histopathology
weeks
Ocular Mouse Inhalation 62.5 1250r 6.2 hours/day, 5 NOAEL= 250 No effects on | (NTP, 201} GLP study
(n=100/group) 250 ppm days/week for histopathology

105 weeks
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PEER REVIEW DRABPD NOT QUOTE OR CITE

Target Organ/ Specie$ Exposure Concentratior? Duration® POD (ppm or Effect Referencé Comments$
Systent Route mg/kg-day)
Kidney Human Inhalation 81.2 ppm GM; 2 weeks to 2 No effects on | (NIOSH, 2003 | No effects noted:;
(n=43) (range 18254 months clinical not used in
ppm) chemistry guantitative
parameters for analysis
kidney effects
Kidney Human Inhalation 0.06:114.8 ppm (8 | About 40 months No effects on | (Lietal., Limited evaluation
(n=60 female, hr TWA clinical 20109 of worker exposure
26 male) concentration) chemistry
parameters
related to
kidney
Kidney Rat Inhalation 125, 250, 500, 6.2 hours/day, 5 LOAEL= 125 Increased (NTP, 2011 GLP study Effects
(female) 10000r 2000 ppm | days/week forl6 relative kidney occurred at all
(n=5/group) days weight concentrations no
NOAEL was
identified
Kidney Rat Inhalation 398, 994o0r 6 hours/day, 5 NOAEL= 398 Changesin | (ClinTrials, GLP study
(n=20/group) 1590 ppm days/week for 4 BUN, total 1997h Histopathological
weeks bilirubin, and changegeported
total protein at the highest
levels exposure
concentration (in
the absence of
effects on
urinalysis
parameters)
Kidney Rat Inhalation 1000 ppm 8 hours/day, 7 NOAEL= 1000 | No effectson | (Yu et al., Not suitable for
(male) days/weekfor 5 histopathology | 2007) doseresponse

(n=9/group)

or 7 weeks

analysis because
only one exposure
group was used.

Page3060f 403



http://hero.epa.gov/index.cfm?action=search.view&reference_id=3044959
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519103
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519103
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1737813
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2991105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1519105

































































































































































































































































































