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Preface

Extremely hazardous substances (EHSs)' can be released accidentally as
a result of chemical spills, industrial explosions, fires, or accidents involving
railroad cars and trucks transporting EHSs. The people in communities sur-
rounding industrial facilities where EHSs are manufactured, used, or stored
and in communities along the nation’s railways and highways are potentially
atrisk of being exposed to airborne EHSs during accidental releases. Pursuant
to the Superfund Amendments and Reauthorization Act of 1986, the U.S.
Environmental Protection Agency (EPA) has identified approximately 400
EHSs on the basis of acute lethality data in rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs,
EPA, along with the Agency for Toxic Substances and Disease Registry
(ATSDR), in 1991 requested that the National Research Council (NRC) de-
velop guidelines for establishing such levels. In response to that request, the
NRC published Guidelines for Developing Community Emergency Exposure
Levels for Hazardous Substances in 1993.

Using the 1993 NRC guidelines report, the National Advisory Committee
(NAC) on Acute Exposure Guideline Levels for Hazardous Substances —con-
sisting of members from EPA, the Department of Defense (DOD), the Depart-
ment of Energy (DOE), the Department of Transportation (DOT), other federal

'As defined pursuant to the Superfund Amendments and Reauthorization Act of
1986.
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and state governments, the chemical industry, academia, and other organiza-
tions from the private sector—has developed acute exposure guideline levels
(AEGLs) for approximately 80 EHSs.

In 1998, EPA and DOD requested that the NRC independently review the
AEGLs developed by NAC. In response to that request, the NRC organized
within its Committee on Toxicology the Subcommittee on Acute Exposure
Guideline Levels, which prepared this report. This report is the second volume
in the series Acute Exposure Guideline Levels for Selected Airborne Chemi-
cals. It reviews the appropriateness of the AEGLSs for five chemicals for their
scientific validity, completeness, and consistency with the NRC guideline
reports.

This report has been reviewed in draft form by individuals chosen for their
diverse perspectives and technical expertise, in accordance with procedures
approved by the NRC’s Report Review Committee. The purpose of this inde-
pendent review is to provide candid and critical comments that will assist the
institution in making its published report as sound as possible and to ensure
that the report meets institutional standards for objectivity, evidence, and
responsiveness to the study charge. The review comments and draft manuscript
remain confidential to protect the integrity of the deliberative process. We
wish to thank the following individuals for their review of this report: Leonard
Chiazze, Jr., of Georgetown University; Sidney Green of Howard University;
Sam Kacew of the University of Ottawa; and Ralph Kodell of the National
Center for Toxicological Research.

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations nor did they see the final draft of the report before its re-
lease. The review of this report was overseen by Robert A. Goyer, appointed
by the Division on Earth and Life Studies, who was responsible for making
certain that an independent examination of this report was carried out in accor-
dance with institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of this report rests en-
tirely with the authoring committee and the institution.

The subcommittee gratefully acknowledges the valuable assistance pro-
vided by the following persons: Roger Garrett, Paul Tobin, Ernest Falke, and
Letty Tahan (all from EPA); George Rusch (Honeywell, Inc.); William Bress
(Vermont Department of Health); George Rogers (University of Louisville);
Po Yung Lu, Cheryl Bast, and Sylvia Talmage (all from Oak Ridge National
Laboratory). Aida Neel was the project assistant. Kelly Clark edited the
report. We are grateful to James J. Reisa, director of the Board on Environ-
mental Studies and Toxicology (BEST), for his helpful comments. The sub-
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committee particularly acknowledges Kulbir Bakshi, project director for the
subcommittee, for bringing the report to completion. Finally, we would like
to thank all members of the subcommittee for their expertise and dedicated
effort throughout the development of this report.

Daniel Krewski, Chair
Subcommittee on Acute Exposure
Guideline Levels

Bailus Walker, Chair
Committee on Toxicology
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Intfroduction

This report is the second volume in the series Acute Exposure Guideline
Levels for Selected Airborne Chemicals.

In the Bhopal disaster of 1984, approximately 2,000 residents living near
a chemical plant were killed and 20,000 more suffered irreversible damage to
their eyes and lungs following accidental release of methyl isocyanate. The
toll was particularly high because the community had little idea what chemi-
cals were being used at the plant, how dangerous they might be, and what steps
to take in case of emergency. This tragedy served to focus international atten-
tion on the need for governments to identify hazardous substances and to assist
local communities in planning how to deal with emergency exposures.

In the United States, the Superfund Amendments and Reauthorization Act
(SARA) of 1986 required that the U.S. Environmental Protection Agency
(EPA) identify extremely hazardous substances (EHSs) and, in cooperation
with the Federal Emergency Management Agency and the Department of
Transportation, assist Local Emergency Planning Committees (LEPCs) by
providing guidance for conducting health-hazard assessments for the develop-
ment of emergency-response plans for sites where EHSs are produced, stored,
transported, or used. SARA also required that the Agency for Toxic
Substances and Disease Registry (ATSDR) determine whether chemical sub-
stances identified at hazardous waste sites or in the environment present a
public-health concern.

As a first step in assisting the LEPCs, EPA identified approximately 400
EHSs largely on the basis of their “immediately dangerous to life and health”
(IDLH) values developed by the National Institute for Occupational Safety and
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Health (NIOSH) in experimental animals. Although several public and private
groups, such as the Occupational Safety and Health Administration (OSHA)
and the American Conference of Governmental Industrial Hygienists
(ACGIH), have established exposure limits for some substances and some
exposures (e.g., workplace or ambient air quality), these limits are not easily
or directly translated into emergency exposure limits for exposures at high
levels but of short duration, usually less than 1 h, and only once in a lifetime
for the general population, which includes infants, children, the elderly, and
persons with diseases, such as asthma, heart disease, or lung disease.

The National Research Council (NRC) Committee on Toxicology (COT)
has published many reports on emergency exposure guidance levels and
spacecraft maximum allowable concentrations for chemicals used by the De-
partment of Defense (DOD) and the National Aeronautics and Space Adminis-
tration (NASA) (NRC 1968, 1972, 1984a,b,c,d, 1985a,b, 1986a,b, 1987, 1988,
1994, 1996a,b, 2000). COT has also published guidelines for developing
emergency exposure guidance levels for military personnel and for astronauts
(NRC 1986b, 1992). Because of COT’s experience in recommending emer-
gency exposure levels for short-term exposures, in 1991 EPA and ATSDR
requested that COT develop criteria and methods for developing emergency
exposure levels for EHSs for the general population. In response to that re-
quest, the NRC assigned this project to the COT Subcommittee on Guidelines
for Developing Community Emergency Exposure Levels for Hazardous Sub-
stances. The report of that subcommittee, Guidelines for Developing Commu-
nity Emergency Exposure Levels for Hazardous Substances (NRC 1993),
provides step-by-step guidance for setting emergency exposure levels for
EHSs. Guidance is given on what data are needed, what data are available,
how to evaluate the data, and how to present the results.

In November1995, the National Advisory Committee for Acute Exposure
Guideline Levels for Hazardous Substances (NAC)' was established to iden-
tify, review, and interpret relevant toxicologic and other scientific data and to
develop acute exposure guideline levels (AEGLs) for high-priority, acutely
toxic chemicals. The NRC’s previous name for acute exposure
levels—community emergency exposure levels (CEELs)—was replaced by the
term AEGLs to reflect the broad application of these values to planning, re-
sponse, and prevention in the community, the workplace, transportation, the
military, and the remediation of Superfund sites.

'NAC is composed of members from EPA, DOD, many other federal and state
agencies, industry, academia, and other organizations. The roster of NAC is shown
on page 8.
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AEGLs represent threshold exposure limits (exposure levels below which
adverse health effects are not likely to occur) for the general public and are
applicable to emergency exposures ranging from 10 min to 8 h. Three lev-
els— AEGL-1, AEGL-2, and AEGL-3—are developed for each of five expo-
sure periods (10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by vary-
ing degrees of severity of toxic effects.

The three AEGLs are defined as follows:

AEGL-1 is the airborne concentration (expressed as ppm [parts per mil-
lion] or mg/m’ [milligrams per cubic meter]) of a substance above which
itis predicted that the general population, including susceptible individu-
als, could experience notable discomfort, irritation, or certain asymptom-
atic nonsensory effects. However, the effects are not disabling and are
transient and reversible upon cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m?) of
a substance above which it is predicted that the general population, in-
cluding susceptible individuals, could experience irreversible or other
serious, long-lasting adverse health effects or an impaired ability to es-
cape.

AEGL-3 is the airborne concentration (expressed as ppm or mg/m?) of
a substance above which it is predicted that the general population, in-
cluding susceptible individuals, could experience life-threatening health
effects or death.

Airborne concentrations below AEGL-1 represent exposure levels that can
produce mild and progressively increasing but transient and nondisabling odor,
taste, and sensory irritation or certain asymptomatic, nonsensory adverse
effects. With increasing airborne concentrations above each AEGL, there is
a progressive increase in the likelihood of occurrence and the severity of ef-
fects described for each corresponding AEGL. Although the AEGL values
represent threshold levels for the general public, including susceptible
subpopulations, such as infants, children, the elderly, persons with asthma, and
those with other illnesses, it is recognized that individuals, subject to unique
oridiosyncratic responses, could experience the effects described at concentra-
tions below the corresponding AEGL.
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SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in the Guidelines for Developing Community Emergency
Exposure Levels for Hazardous Substances (NRC 1993) and the NAC guide-
lines report Standing Operating Procedures on Acute Exposure Guideline
Levels for Hazardous Substances(NRC 2001), the first step in establishing
AEGLs for a chemical is to collect and review all relevant published and un-
published information available on a chemical. Various types of evidence are
assessed in establishing AEGL values for a chemical. These include informa-
tion from (1) chemical-physical characterizations, (2) structure-activity rela-
tionships, (3) in vitro toxicity studies, (4) animal toxicity studies, (5) con-
trolled human studies, (6) observations of humans involved in chemical acci-
dents, and (7) epidemiologic studies. Toxicity data from human studies are
most applicable and are used when available in preference to data from animal
studies and in vitro studies. Toxicity data from inhalation exposures are most
useful for setting AEGLSs for airborne chemicals because inhalation is the most
likely route of exposure and because extrapolation of data from other routes
would lead to additional uncertainty in the AEGL estimate.

For most chemicals, actual human toxicity data are not available or critical
information on exposure is lacking, so toxicity data from studies conducted in
laboratory animals are extrapolated to estimate the potential toxicity in hu-
mans. Such extrapolation requires experienced scientific judgment. The toxic-
ity data from animal species most representative of humans in terms of
pharmacodynamic and pharmacokinetic properties are used for determining
AEGLs. If data are not available on the species that best represents humans,
the data from the most sensitive animal species are used to set AEGLs. Uncer-
tainty factors are commonly used when animal data are used to estimate mini-
mal risk levels for humans. The magnitude of uncertainty factors depends on
the quality of the animal data used to determine the no-observed-adverse-effect
level (NOAEL) and the mode of action of the substance in question. When
available, pharmacokinetic data on tissue doses are considered for interspecies
extrapolation.

For substances that affect several organ systems or have multiple effects,
all end points—including reproductive (in both sexes), developmental,
neurotoxic, respiratory, and other organ-related effects—are evaluated, the
most important or most sensitive effect receiving the greatest attention. For
carcinogenic chemicals, theoretical excess carcinogenic risk is estimated, and
the AEGLs corresponding to carcinogenic risks of 1 in 10,000 (1 x 10%), 1 in
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100,000 (1 x 10®), and 1 in 1,000,000 (1 x 10°) exposed persons are esti-
mated.

REVIEW OF AEGL REPORTS

As NAC began developing chemical-specific AEGL reports, EPA and
DOD asked the NRC to review independently the NAC reports for their scien-
tific validity, completeness, and consistency with the NRC guideline reports
(NRC 1993; NRC in press). The NRC assigned this project to the COT Sub-
committee on Acute Exposure Guideline Levels. The subcommittee has ex-
pertise in toxicology, epidemiology, pharmacology, medicine, industrial hy-
giene, biostatistics, risk assessment, and risk communication.

The AEGL draft reports are initially prepared by ad hoc AEGL Develop-
ment Teams consisting of a chemical manager, two chemical reviewers, and
a staff scientist of the NAC contractor—QOak Ridge National Laboratory. The
draft documents are then reviewed by NAC and elevated from “draft” to “pro-
posed” status. After the AEGL documents are approved by NAC, they are
published in the Federal Register for public comment. The reports are then
revised by NAC in response to the public comments, elevated from “proposed”
to “interim” status, and sent to the NRC Subcommittee on Acute Exposure
Guideline Levels for final evaluation.

The NRC subcommittee’s review of the AEGL reports prepared by NAC
and its contractors involves oral and written presentations to the subcommittee
by the authors of the reports. The NRC subcommittee provides advice and
recommendations for revisions to ensure scientific validity and consistency
with the NRC guideline reports (NRC 1993, 2001). The revised reports are
presented at subsequent meetings until the subcommittee is satisfied with the
reviews.

Because of the enormous amount of data presented in the AEGL reports,
the NRC subcommittee cannot verify all the data used by NAC. The NRC
subcommittee relies on NAC for the accuracy and completeness of the toxicity
data cited in the AEGLs reports.

This report is the second volume in the series Acute Exposure Guideline
Levels for Selected Airborne Chemicals. AEGL reports for aniline, arsine,
monomethylhydrazine, and dimethylhydrazine were reviewed in the first
volume. AEGL documents for five chemicals—phosgene, propylene glycol
dinitrate, 1,1,1,2-tetrafluoroethane, 1,1-dichloro-1-fluoroethane, and hydrogen
cyanide—are published as an appendix to this report. The subcommittee
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concludes that the AEGLs developed in those documents are scientifically
valid conclusions based on the data reviewed by NAC and are consistent with
the NRC guideline reports. AEGL reports for additional chemicals will be
presented in subsequent volumes.
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1,1-Dichloro-1-fluoroethane
(HCFC-141b)’

Acute Exposure Guideline Levels

SUMMARY

Hydrochlorofluorocarbon-141b, or 1,1-dichloro-1-fluoroethane (HCFC-
141b), has been developed as a replacement for fully halogenated chloro-
fluorocarbons because its residence time in the atmasphereis shorter, and its
ozone depleting potential islower than that of presently used chlorofluoro-

YThis document was prepared by the AEGL Development Team comprising
Sylvia Talmage (Oak Ridge National Laboratory) and members of the National
Advisory Committee (NAC) on Acute Exposure Guideline Levels for Hazardous
Substances including George Rusch (Chemical Manager) and Robert Benson and
Kenneth Still (Chemical Reviewers). The NAC reviewed and revised the document
and AEGL sas deemed necessary. Both the document and the AEGL valueswere then
reviewed by the National Research Council (NRC) Subcommittee on Acute Exposure
Guideline Levels. The NRC subcommittee concludes that the AEGL s developed in
this document are scientifically valid conclusions based on the data reviewed by the
NRC and are consistent with the NRC guidelines reports (NRC 1993; NRC 2001).
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carbons. HCFC-141b is used in the production of rigid polyurethane and
polyisocyanurate or phenolicinsulation foamsfor residential and commercial
buildings. It may also be used as a solvent in electronic and other precision
cleaning applications.

HCFC-141b is of low inhalation toxicity. Uptake and elimination are
rapid, and most of the absorbed doseis excreted unchangedintheexhaled air.
Itseffects have been studied with human subjects and several animal species,
including the monkey, dog, rat, mouse, and rabbit. In addition, studies ad-
dressing repeated and chroni ¢ exposures, genotoxicity, carcinogenicity, neuro-
toxicity, and cardiac sensitizationwerealsoavailable. Athighconcentrations,
hal ogenated hydrocarbons may produce cardiac arrhythmias; thissensitiveend
point was considered in the development of AEGL values. The air odor
threshold in healthy subjects is approximately 250 parts per million (ppm)
(Utell et a. 1997). The ethereal odor is not unpleasant.

Adequatedatawereavailablefor devel opment of thethree AEGL classifi-
cations. Inadegquate datawere available for determination of the relationship
between concentration and exposure duration for a fixed effect. However,
based on the rapidity with which blood concentrationsin humans approached
equilibrium, the similarity in lethality values in rats exposed for 4 or 6 hours
(h), and the fact that the cardiac sensitization effect is based on a concentra-
tion threshold rather than exposure duration, a single AEGL value was used
across all time periods for each AEGL classification. Some experimental
exposure durations in both human and anima studies were generally long, 4
to 6 h, which lends confidence to using the same value for all exposure dura-
tions.

The AEGL-1 value was based on the observation that exercising healthy
human subjectscould tol erateexposure to concentrations of 500 or 1,000 ppm
for 4 h with no adverse effectson lung function, respiratory symptoms, sen-
sory irritation, or cardiac symptoms (Utell et al. 1997). The exercise, which
tripled the subjects’ minute ventilation, simulates an emergency situation and
accel erates pulmonary uptake. Reaults of the exposure of two subjectsfor an
additional 2 h to the 500-ppm concentration and the exposure of one subject
to the 1,000-ppm concentration for an additional 2 h failed to elicit any clear
alterations in neurobehavioral parameters. The 4- or 6-h 1,000-ppm concen-
tration isa NOAEL in exercising individuals, there were no indications of
response differences among tested subjects, and animal studies indicate that
adverseeffectsoccur only at considerably higher concentrations, so the1,000-
ppm value was adjusted by an uncertainty factor (UF) of 1. Theintraspecies
UF of 1 issupported by the lack of adverse effects in patients with severe
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chronic obstructive pulmonary disease (COPD) or asthmawho were treated
with metered-doseinhal erscontaining chemically similar chlorofluorocarbon
propellants. Because blood concentrations of HCFC-141b rapidly achieved
aplateau and did not greatly increase after 55 minutes (min) of exposure, the
value of 1,000 ppmwas applied to al AEGL-1 time periods. An AEGL-1 of
1,000 ppm is supported by an acute animal study in which no adverse effects
were observed in rats exposed at 11,000 ppm for 6 h (Brock et al. 1995).
Adjustment of the 6-h 11,000-ppm concentration by interspecies and
intraspecies UFs of 3 each, for atotal UF of 10, resultsin essentially the same
concentration (1,100 ppm) asthat derived fromthe human data. Furthermore,
selection of a subchronic NOAEL of 8,000 ppm in rats (Brock et al. 1995)
resultsin a similar value given the differences in duration of exposure and
selection of an appropriate UF.

The AEGL-2 value was based on the lowest concentration that caused
cardiac sensitization in dogsadmini stered exogenous epi nephrineand exposed
to HCFC-141b at concentrations of 2,600, 5,200, 10,000, or 21,600 ppm for
10 min (Mullin 1977). Thisvalue of 5,200 ppmis less than the lowest con-
centrationsthat caused death by cardiacarrest (10,000to 20,000 ppm) (Hardy
et al. 19894). Because the dog heart isagood model for that of the human, an
interspecies UF of 1 was applied. The cardiac sendtization test is highly
sensitive as the response to exogenous epinephrine is optimized, so an
intraspecies UF of 3 was applied. Cardiac sensitization is concentration de-
pendent; duration of exposure does not influence the concentration at which
thiseffect occurs. Because the peak circulating HCFC-141b concentrationis
the determining factor in cardiac sensitization, and exposure duration is of
lesser import, the resulting value of 1,700 ppm was assigned to all time peri-
ods. The 1,700-ppm concentrationis supported by animal studiesin which no
effectsother than prenarcotic signs and/or narcosis were observed in rats and
miceexposed at approxi mately 30,000 ppmfor 4 or 6 h (VIachos 1988; Hardy
et al. 1989b; Brock et al. 1995). Adjustment of the 30,000 ppm concentration
by interspecies and intraspecies UFs of 3 each, for atotal UF of 10, resultsin
ahigher concentration (3,000 ppm) than that derived from the cardiac sensiti-
zation data.

The AEGL -3 value was based on a concentration of 9,000 ppm, the high-
est value that resulted in mild to marked cardiac responses but did not cause
death ina cardiac sensitization study with the dog (Hardy et al. 1989a). Be-
cause the dog heart is areliable model for that of the human, aninterspecies
UF of 1 was applied. The cardiac sensitization test is highly sensitive asthe
response to exogenous epinephrine is optimized, so asingle intraspecies UF
of 3was applied. Cardiac sensitization is concentration dependent; duration
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of exposure does not influence the concentration at which this effect occurs.
Because the peak circulating HCFC-141b concentration is the determining
factor in cardiac sensitization, and exposure duration is of lesser import, the
resulting value of 3,000 ppm wasassigned to all time periods. The 3,000 ppm
concentration is supported by animal studies in which no deaths occurred in
rats exposed at 42,800 ppmfor 6 hor 45,781 ppmfor 4 h (Brock et al. 1995).
Adjustment of the 45,781 ppm concentration by interspeciesand intraspecies
UFs of 3 each, for atotal UF of 10, resultsin a higher concentration (4,600
ppm) than that derived from the cardiac sensitization data.
AEGL vauesare summarized in Table 4-1.

1. INTRODUCTION

Hydrochlorofluorocarbons (HCFCs) are replacing chlorofluorocarbons
(CFCs) inindustry because the substitution of hydrogen for halogen in meth-
ane and ethane reduces residence time in the sratosphere compared with
completely halogenated compounds and causes less depletion of ozone
(Aviado 1994). HCFC-141b has been devel oped as areplacement for CFCs
(Brock et al. 1995). In particular, HCFC-141b is a replacement for CFC-11
(trichlorofluoromethane) and isused in the production of rigid polyurethane
and polyisocyanurate or phenalic insulating foams (Millischer et d. 1995).
These foams are used in insulation for commercia buildings, in insulation
foam boards for residences, inresidential wall insulation, or in foam fill for
refrigerators. HCFC-141b may al so be empl oyed as asol vent replacement for
CFC-113intheremoval of solderingflux from printed circuit boards, in preci-
sion cleaning of intricate parts, and, in combination with a surfactant, in the
removal of trace water from intricate parts.

HCFC-141bis produced commercially by the hydrofluorinationof 1,1,1-
trichloroethane or 1,1-dichloroethylene (ECET OC 1994). It is manufactured
by three companiesin the United States. 1n 1992, total world production was
15,000tons; production was expected to increaseto 100,000 tonsby 1994 and
then be phased out by 2003 (ECETOC 1994).

HCFC-141bisacolorless, volatileliquid with aweak, ethereal odor. The
vapor is heavier than air and can displace air in confined spaces. Additional
chemical and physical propertiesarelisted in Table4-2. Experimental studies
with human subjects and several mammalian species (monkey, dog, rat,
mouse, and rabbit) were located. Animal studies addressed both acute and
chronic exposure durations as well as neurotoxicity, genotoxicity, carcinoge-
nicity, and cardiac sensitization.
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TABLE 4-1 Summary OF AEGL Values for HCFC-141b (ppm [mg/n])

End Point
Classification 10min 30min 1h 4 h 8h (Reference)
AEGL-1* 1,000 1,000 1,000 1,000 1,000 No effect in
(Nondisabling) (4,850) (4,850) (4,850) (4,850) (4,850) humans

(Utell et al.

1997)
AEGL-2 1,700 1,700 1,700 1,700 1,700 Threshold for

(Disabling) (8,245) (8,245) (8,245) (8,245) (8,245) cardiac
arrhythmiain

the dog®

(Mullin 1977)
AEGL-3 3,000 3,000 3,000 3,000 3,000 Threshold for
(Lethal) (14,550) (14,550) (14,550) (14,550) (14,550) severe cardiac

response in the
dog® (Hardy et
al. 1989a)

#The ethereal odor of HCFC-141b may benoticeable to some individualsat the 1,000-

ppm concentration.
PResponse to challenge dose of epinephrine (cardiac sensitization test).

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

Deathsfromexposureto HCFCshaveoccurred during refrigeration repair
and the use of HCFCs as solvents (Aviado 1994). Information ononefatdity
attributable to the use of HCFC-141b was located. A 40-year-old man was
found dead inside a degreasing tank in which pure HCFC-141b was used as
the degreasing solvent (Astier and Paraire 1997). Thetank wasfree of liquid
at thetime. The worker wore no protective clothing. Postmortem examina-
tion revealed violaceous coloration and edema of theface. Concentrationsof
HCFC-141b in tissues and organs were as follows: blood, 14 mg/L ; and liver
and heart, 29 pg/g. Concentrationsin thelungsand spleenweresaid tobeless
than those in the blood (no specific values given).
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TABLE 4-2 Chemical and Physical Daa

Parameter Value Reference
Synonyms HCFC-141b CHEMID 1998
1,1-dichloro-1-fluoroethane
Freon 141

CFC 141, 141b
Refrigerant 141b

Molecular formula C,HCILF HSDB 2000
Molecular weight 116.95 HSDB 2000
CAS registry number 1717-00-6 HSDB 2000
Physical state Liquid ECETOC 1994
Color Colorless ECETOC 1994
Solubility in water Approximately 4 g/L ECETOC 1994
Vapor pressure 412 mm Hg @25°C HSDB 2000
Density, glcm® at 20°C 1.24 ECETOC 1994
Melting point -103.5°C ECETOC 1994
Boiling point 32°C ECETOC 1994
Odor Weak ethereal ECETOC 1994
Conversion factors 1 ppm = 4.85 mg/m? ECETOC 1994

1 mg/m?® = 0.206 ppm

2.2. Nonlethal Toxicity

Theair odor threshol din heal thy subjectsisapproximately 250 ppm (Utel |
etal. 1997). Duringaclinical study with exposuresat 250, 500, or 1,000 ppm,
subjectswere asked to record their responsesto any perceived odor. At 250,
500, and 1,000 ppm, one, two, and three of eight subjects, respectively, no-
ticed the odor. A subject that responded a 250 and 500 ppm did not notice
the odor at 1,000 ppm. In all cases, the odor was rated as mild, which was
defined as noticeable but not annoying.

2.2.1. Occupational Exposures

According to information compiled by the European Centre for
Ecotoxicology and Toxicology of Chemicals (ECETOC) (1994), typicd 8-h



172 ACUTE EXPOSURE GUIDELINE LEVELS FOR SELECTED AIRBORNE CHEMICALS

time-weighted average (TWA) values for different occupationsin an HCFC-
141b production plant ranged from 1 to 70 ppm. In aresearch laboraory in
which machines using dichlorofluoroethane (isomer not described) as a sol-
vent were operating, grab sample results ranged from 10 to 100 ppm; 8-h
TWA values for technicians working in the machine room and a contiguous
room were approximately 2 to 9 ppm.

2.2.2. Experimental Studies

Eight healthy volunteers (six males and two females, ages 22-30 years)
were exposed to concentrations of HCFC-141b at O (purified air), 250, 500,
or 1,000 ppmin a43 m® chamber located at the University of Rochester Medi-
cal Center’ sClinical ResearchCenter (Utell etal. 1997).? Liquid HCFC-141b,
99.88% pure, was metered from areservoir into aheat-regul ated delivery tube
whereit wasvaporized to 50 L/min of dilutingair. The vapor wasthen mixed
with 10 m*/min air intakefor the exposure chamber and delivered to the cham-
ber through five ceiling defusers. The chamber concentration was monitored
with an infrared analyzer calibrated with a gas chromatograph; the gas
chromatograph was calibrated with known amounts of HCFC-141b through
aclosed-loop system.

Two volunteerswere exposed at one time for an exposuretime of 4 h; the
exposure included three 20-min exercise periods. The exposure to air was
randomi zed amongthethree concentrati ons, but exposure concentrationswere
in sequence from lowest to highest. Exposures were separated by at least 1
week (wk). Prior tothefirst exposure, the subjectsunderwent a pre-exposure
screening, which consisted of a cardiac and respiratory history, physical
examination, a baseline electrocardiogram (EKG), blood chemistries with
complete blood count, and baseline spirometry. On the day of exposure,
subjects filled out a questionnaire involving 17 subjective symptoms. In
addition, thefollowing clinica chemistrieswere obtained: liver function (total
bilirubin, lactate dehydrogenase activity, agpartate aminotransferase activity,
creatinine), blood parameters (urea nitrogen, total protein, albumin, electro-
lytes, glucose), complete blood count, spirometry (forced vital capacity
[FVC], forced expiratory volume in 1 second [s] [FEV,], and forced expira-

2This study was reviewed and approved by the Research Subjects Review Board
of the University of Rochester. Informed consent was obtained from all subjects.
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tory flow rate at 25% and 75% capacity [FEF,s]), and EKG (rhythm strips).
Blood and exhaled ar were collected before exposure, after each exercise
period, and immediately postexposurefor HCFC-141b concentrations. Nasal
lavage (to obtain inflammatory response information) was performed pre-
exposure, immediately following exposure, and 24 h after each exposure. The
exercise period consisted of 20 min onabicycle ergometer at arate sufficient
to triple the subjects’ minute ventilation; there were three 20-min exercise
periods during each exposure. Two of the subjects were exposed for an addi-
tional 2 h during which time they underwent computerized neurobehavioral
testing.

Exposure concentrations were within 3% of targeted concentrations.
Clinical chemistry and hematology findings did not differ pre- and
postexposure at any concentration. Baseline EKGs were norma and
responded appropriately duringexercise. Therewere nodifferences between
air and HCFC-141b exposures. FEV, and FEV,/FV C did not change signifi-
cantly after exposure. Increasesin FV C of 2.5% from baseline immediately
after the 500 ppm exposure and 4.4% from baseline 24 h after the 1,000 ppm
exposureare considered clinically insignificant. The number of polymorpho-
nuclear neutrophils in nasal lavage fluid was greater pre-exposure than
postexposure, which may have been aresult of pre-exposure washout. There
was no evidence of nasal inflammation. Subjective symptoms such as head-
ache appeared unrelated to exposures. No symptoms consistent with respira-
tory affects were reported during exposures. Concentrations of metabolites
in blood, urine, and expired air are discussed in Section 4.1 (Disposition and
Metabolism Considerations). Results of neurobehavioral tests are discussed
below.

2.3. Neurotoxicity

Inthe study with human volunteers (Section 2.2.2) (Utell et al. 1997), two
of the subjects were exposed a 0 or 500 ppm for 6 h, and computerized
neurobehavioral testing was performed during thelast 2 h. One subject also
completed neurobehavioral testing during the last 2 h of the 6-h exposureto
1,000 ppm. Theneurobehavioral testingwas composed of two parts. Thefirst
part was a work simulation test that involved simultaneous monitoring of
memory, calculation, and visual and auditory activities; the second part in-
volved response time during a cognitive test of arithmetic processing, proce-
dural memory, memory of letter sequence, and visual-spatial processing.
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Inthefirg part, scoresweregenerally higher (i.e., performanceimproved)
for one subject at 500 ppm compared with 0 ppm, and there was a dightly
higher value at 1,000 ppm compared with 500 ppm. Scores were generally
lower for the other subject. Changesin scoreswere minimal for the response
times during the cognitive tests. Subjective mood descriptions prior to and
after the test indicated a “decreased activity level” but no changes related to
fatigue, happiness, depresson, anger, or fear.

2.4. Developmental and Reproductive Toxicity

No studieswere located regarding reproductive or developmental effects
in humans after inhalation exposure to HCFC-141b.

2.5. Genotoxicity

No information on genotoxicity in humanswaslocated. Invitro, chromo-
some aberration assays were negative with human lymphocytesat vapor con-
centrations of 1.25% to 35% v/v; incubation times ranged from 3 to 24 h
(Millischer et al. 1995).

2.6. Carcinogenicity

No information on carcinogenicity in humans was located.

2.7. Summary

A single study with eight human volunteers exposed at 0, 250, 500, or
1,000 ppmfor 4 or 6 h addressed clinical chemistry and subj ective symptoms
aswell asneurotoxicity, nasal inflammation, respiratory functions, and metab-
olism (Utell et a. 1997). Therewere no significant differencesin respiratory
and nonrespiratory symptoms and no changesin lung functi on or nasal lavage
parametersbeforeand after exposure. A battery of neurotoxicity tests, under-
taken by two of thesubjects, failed to show clear pre- and postexposure differ-
ences; however, there were too few subjects to make rigorous compari sons.
No information on developmental and reproductive toxicity, chronic expo-
sures, or carcinogenicity in humans was located.
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3. ANIMAL TOXICITY DATA
3.1. Acute Lethality

Acute lethality data are summarized in Table 4-3.

3.1.1. Rats

Groups of five ma e and five femde Sprague-Dawley rats were exposed
(whole-body) to concentrations at O (air), 29,958, 45,781, 68,143, or 77,215
ppm for 4 hina 115 L chamber (de Rooij 1989; Brock et al. 1995). Atmo-
sphereswere generated by heating theHCFC-141b and dilutingthe vapor with
clean air. The pressure of the supply generator provided a flow rate of
25 L/min. Severa samples were collected during each exposure, and the
concentrations were measured by gas chromatography and flame ionization.
Animalswere observed for 14 days (d), and clinical signs, body weights, and
food and water consumption wererecorded. Twenty-four hour urine samples
werecollected, and blood sampleswere collected 48 h postexposure. At death
or termination of the study, lungs, liver, and kidneys were examined micro-
scopicaly. Mortalitiesfor maleswere 0/5, 0/5, 4/5, and 5/5 for the respective
exposures; respective mortalitiesfor fema eswere 0/5, 0/5, 1/5, and 5/5 (time
of death was not provided). Calculated LC,, valuesfor male and femade rats
were 58,931 and 64,991 ppm, respectively; the combined LC,, was 61,647
ppm. Reduced motor activity, shalow breathing with rapid respiration, and
anesthesiawere observed at concentrations greater than 29,000 ppm. Above
50,000 ppm, tremors, incoordination, and convulsions were noted in some
animals. Clinical signs and respiratory changes in survivors resolved by the
next day. Lung-to-body weight ratios were increased in the highest dose
group. No treatment-relaed microscopic changes were observed.

Groupsof six male Chr-CD ratswereexposed to concentrationsat 31,700,
42,800, 50,200, 55,270, 72,400 or 95,950 ppm for 6 h in 20 L chambers
(Brock et al. 1995). Atmospheres were generated as above with continuous
monitoring by gas chromatography. Clinical Sgns and body weights were
recorded during a 14-d observation period; no histological examinationswere
performed. Deathswere observed at concentrationsat 50,200 ppmand above.
Mortalitiesat the 31,700-, 42,800-, 50,200-, 55,270-, 72,400-, and 95,950-ppm
concentrations were 0/6, 0/6, 1/6, 2/6, 6/6 and 6/6. The calculated LC,, was
56,700 ppm (time of death was not provided). Clinicd signsweresimilar to
those in the above study.
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TABLE 4-3 Summary of Acute Letha Inhalation Datain Laboratory
Animals

Concentration Exposure

Species (ppm) Time Effect® Reference
Rat de Rooij
male 58,931 4h LCs 1989;
female 64,991 4h LCs Brock et al.
combined 61,647 4 h LCsg 1995
Rat (male) 56,700 6 h LCs Brock et al.
1995
M ouse 100,000 30 min LCsy Davieset al.
1976
M ouse 80,000 30 min 60% mortality Vlachos1988

%0Observed 14 d postexposure.
Sources: de Rooij 1989; Brock et al. 1995.

3.1.2. Mice

Davieset al. (1976) reported unpublished dataon concentrationsresulting
inlethality and narcosisand found a 30-min L C,, of 100,000 ppmin Alderley
Park mice. Thetime of death wasnot dated. 1nasecond study, groupsof five
maleand fivefemal e Crl:CD-1(ICR)BR micewereexposed to concentrations
at 9,700, 20,000, 30,000, 40,000, or 80,000 ppm for 6 h during preliminary
testing (VIachos 1988). A concentration of 80,000 ppm resultedin 60% mor-
tality (3/5 males and 3/5 females) within 30 min. According to de Rooij
(1989), clinicd signs were consistent with those of an anesthetic agent. The
proximate cause of death was deep anesthesia.

3.2. Nonlethal Toxicity
Results of acute exposures are summarized in Table 4-4. These studies
and studies involving longer-term exposures are discussed below.

3.2.1. Nonhuman Primates

During cardi ac sensitization tests, cynomolgus monkeys were exposed at
0, 3,000 (one monkey), 5,000 (two monkeys), or 10,000 ppm (two monkeys)
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TABLE 4-4 Summary of Sublethal Effectsin Laboraory Animals

Concentration Exposure
Species (ppm) Time Effect® Reference
Monkey 3,000, 10,000 5 min No cardiac Hardy et al.
effect 1989a
Dog 2,600, 5,200, 5min No cardiac Mullin 1977
10,000, 21,600 effect
Dog 9,000, 12,000, 5min No cardiac Hardy et al.
13,000, 14,000, effect 1989a
15,000, 18,000,
19,000, 20,000
Rat 3,000, 6,000, 6h No clinical signs; Brock et al.
and 11,000 increase in 1995
serum phosphate,
slight body
weight loss
Rat >30,000 - Prenarcotic signs  Hardy et al.
1989b
Rat 2,000-30,000 3h No serum Loizou et al.
biochemical 1996
changes, decrease
inliver
glutathione at
>8,000 ppm
Rat 29,958 4h Shallow/rapid Brock et al.
respiration, 1995
anesthesia
42,800 6h No deaths
Rat 45,781 6 h No deaths de Rooij
1989;
Brock et al.
1995
M ouse 10,000 25 min No effect on Janssen 1989
respiratory
frequency
M ouse 9,700 6h No clinical signs  Vlachos
20,000 6h No clinical signs 1988
30,000 6 h No clinical signs

(Continued)
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TABLE 4-4 Continued

Concentration Exposure

Species (ppm) Time Effect® Reference
34,000 6 h Lethargy, tremors
41,000 6h Lethargy,
tremors, hunched
posture
M ouse 64,000 30 min Narcosis in 50% Davieset al.
of mice 1976

%Observed for 14 d postexposure (Brock et al. 1995).

for 5min(Hardy et a. 1989a). Thevapor was administered to each restrained
animal viaaface mask. All animals survived these exposures. (See Section
3.4 for discussion on cardiac sensitization.)

3.2.2. Dogs

During cardiac sensitization tests, groups of two purebred male beagle
dogswereexposed to concentrationsat 0, 2,600, 5,200, 10,000, or 21,600 ppm
(Mullin 1977) or concentrations of 9,000, 12,000, 13,000, 14,000, 15,000,
18,000, 19,000, or 20,000 ppm for 5 min (Hardy et al. 19894a). The vapor was
administered to each restrained animal via aface mask. Prior to administra-
tion of intravenous epinephrine challenge, no evidencefor cardiotoxicity was
observed at these concentrations. (See Section 3.4 for discussion of cardiac
sensitization tests.)

3.2.3. Rats

In acute studies similar to those described in Section 3.1.1, groups of five
maleand five female CPB-WU Wistar rats were given single nose-only expo-
suresat 0, 3,000, 6,000, or 11,000 ppmfor 6 h (Brock et al. 1995). Concentra-
tions were monitored by infrared spectrometry. At sacrifice, lungs, liver,
kidneys, and testes were weighed and examined microscopically. No clinical
signswereobservedduring or after exposures. Slight body weight |osseswere
presentin all treated groups at day 1, but rats continued to gain weight during
the 14-d postexposure period. The only changein clinical chemistry parame-



1,1-DICHLORO- 1-FLUOROETHANE 179

ters was increased serum phosphate & all exposure concentrations. There
were no treatment-related microscopic findings.

Inthe studiesreviewed by Brock et al. (1995) and summarized in Section
3.1.1, no deathsoccurred in mae and femal erats exposed at 29,958 or 45,781
ppmfor 4 h or in malerats exposed at 31,730 or 42,800 ppmfor 6 h. Shallow
but rapid respiration and anesthesiawere noted at concentrationsabove 29,000
ppm. A 25 min exposure at 10,000 ppm had no effect on respiratory
frequency of male Wistar rats (Janssen 1989).

Aspart of apharmacokinetic study, groups of four to six male Wistar rats
were exposed singly to concentrations at 2,000, 4,000, 8,000, 20,000, or
30,000 ppm for 3 hin a closed, recircul ated-atmosphere exposure chamber
and sacrificed 2 h later (Loizou et al. 1996). No changesin serum activities
of the enzymes sorbitol dehydrogenase, glutamate dehydrogenase, or lactae
dehydrogenase, measured asindicatorsof tissue damage, were detected. Lung
glutathione and liver glutathione disulfide were unchanged, but total liver
glutathione was significantly decreased a 8,000 ppm and higher.

Prenarcotic signs were observed in rats inhaling concentrations >30,000
(Hardy et al. 1989b). No further details of this study were provided.

In a2-wk study, ten male Chr-CD rats were exposed at 0 or 10,000 ppm
(onefifth of the 6-h lethal concentration of 50,000) for 6 Vd, 5 d/wk (Brock
et al. 1995). Chamber concentrations were determined with agas chromatog-
raphy system. Animals were observed for clinical signs and weighed daily,
and urinary and blood sampleswere collected for clinical chemistry and hema-
tological evaluations. No adverse clinical signsor body weight changes were
noted throughout the exposure or the 14-d recovery period. At termination of
the exposures, adightly higher erythrocyte count, dight increases in plasma
bilirubin and urinary fluoride, and reduced mean corpuscul ar volume (MCV)
and mean corpuscular hemoglobin (MCH) were observed in the exposed
group. These findings were not present at the conclusion of the recovery
phase. No treatment-related pathological findings were reported; however,
murine pneumoniaincidence was higher in the treated group thanin the con-
trols at the end of the recovery phase.

In a 90-d study with a 4-wk interim sacrifice, groups of 15 maleand 15
female Fischer 344 rats were exposed at 0, 2,000, 8,000, or 20,000 ppm for 6
h/d, 5 d/wk in a4 m? stainless steel and glass chamber (Brock et al. 1995).
Chamber concentrations were measured by infrared spectrometry. The ani-
mals were examined daily, and body weights and food consumption were
measured weekly. Prior to sacrifice, blood and urine sampleswere collected.
At theend of 4 wk, fiverats per gender per group were sacrificed, and organs
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were weighed and tissues samples taken for microscopic examination. The
remainder of the rats continued to inhale HCFC-141b for atotal 90-d period.

Onefemalerat died of causes unrelated to exposure. At the end of 4 wk,
reduced food consumption and body weight decreases of <10% were statisti-
cally significant for malesin all treatment groups and females in the 20,000
ppmgroup. Increased chamber temperatures (due to the heat needed to gener-
atethe HCFC-141b vapor) in the higher exposurelevel groups appear to have
been responsible for the reduced body weight. Rats in the high-dose group
appeared to belessal ert, moved more slowly than ratsin the other groups, and
appeared more responsive to touch (8,000- and 20,000-ppm groups). The
following changes in clinical chemigstry and hematology parameters were
observed in malesin thehigh-concentration and mid-concentration groups: an
increasein serumtriglyceridesand decreasesin activitiesof serum alanineand
aspartate aminotransferases. Serum cholesterol was also decreased in the
20,000-ppm group. No compound-related organ weight changes or gross or
mi croscopic pathol ogy werefound. After the 90-d exposure, increased serum
cholesterol was observedin femal eratsexposed at 20,000 ppm, and decreased
absolute organ weights and increased relative organ weights (brain, heart,
kidneys, lung, liver) were observed inboth genders exposed at 20,000 ppmfor
90 d. The lack of significant findings at 8,000 ppm was indicative of a
NOAEL.

In astudy similar to that described above, groups of five male and five
female Crl:CD(SD) ratswere exposed at 1,500, 8,000, or 20,000 ppm for 4 wk
with a2-wk recovery period (Hino et al. 1992). Effectswere similar to those
observed in the above study, with the following additional observations: a
shortened thromboplastin time (females, 8,000- and 20,000-ppm groups), in-
creased MCV (females, 20,000-ppm group), decreased creatinine (femaes,
1,500- and 20,000-ppm groups), increased abumin and abumin:globulin
(males, 20,000-ppm group), and an increased serum calcium concentration
(males, 8,000-ppm group). There were no treatment-related gross or micro-
scopicfindings. (Thestudy did not clearly statewhether the observationswere
made at the end of the 4-wk exposure or after the 2-wk recovery period.)

3.2.4. Mice

To estimate amaximumtol erated concentration foll owing a6-h exposure,
groups of five mal e and five fema e Crl:CD-1(ICR)BR mice were exposed at
9,700, 20,000, 30,000, 41,000, or 80,000 ppm (Vlachos 1988). Themicewere
observedfor clinical signsduring exposureand for 2-3 d postexposure. Mice
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inhaling 9,700, 20,000, or 30,000 ppm for 6 h showed no clinicad signsduring
or postexposure. Mice exposed at 41,000 ppm were | ethargic and devel oped
tremors, dark eyes, and hunched posture. Mice appeared to be narcotized
within 15 min of exposure at 80,000 ppm.

Davieset al. (1976) reported a 30-min anesthetic effecti ve concentration
(EC,,) of 64,000 ppm for Alderley Park mice; no further details were pro-
vided.

3.3. Neurotoxicity

Groups of ten male and ten female Sprague-Dawley rats were exposed at
0, 1,500, 5,000, or 15,000 ppm for 6 h/d, 5 d/wk for 16 wk (Coombs €t al.
1992). The following day and at 2 and 4 wk postexposure the animals were
studied for neurobehavioral changes (behavior and motor activity, grip
strength, pain response, corneal and pinnareflexes, and catalepsy). At weeks
17 and 21, whole-body perfusion fixation was performed on five males and
five females from each group and the brain was weighed and the brain and
nervoustissue were examined microscopically. No neurobehavioral changes,
changes in brain weight, or histopathologic changes were observed in the
treated groups.

In areview of studies under the Program for Alternative Fluorocarbon
Toxicology Il (PAFT), de Rooij (1989) stated that narcosis can beinduced in
mice after the following exposures. 80,000 in 15 min, 64,000 ppmin 30 min,
and 41,000 after 6 h. Clear narcotic signs are observed in both rats and mice
at concentrations >30,000 ppm. No further details were provided.

3.4. Developmental and Reproductive Toxicity

Groups of 25 time-mated SPF female rats (Crl:CD BR VAF/plus strain)
wereexposed at 0, 3,200, 8,000, or 20,000 ppm for 6 h/d on days 6 through 15
of gestation (Rusch et al. 1995). Atmospheresinthe 0.7 n?® stainless steel and
glass chambers were analyzed by gas chromatography. Food and water con-
sumption and body weightswere monitored. At sacrifice on day 20, maternal
organs were examined and uteri were scored for live fetuses, embryonic
deaths, implants, corporalutea, pre- and postimplantation|osses, litter weight,
and mean fetal weight. Half of the fetuses in each litter were examined for
visceral abnormalities, and half were examined for skeletal abnormalities. In
the 20,000-ppm exposure group there was a decreased number of live fetuses
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per litter (9.7 vs. 11.6 inthe control group; p < 0.05), and that reduction was
associated with increased incidences of early embryonic deaths and post-
implantation losses. This concentration was al so associated with areduction
in litter weight and mean fetal body weight. Associated with the weight de-
creasewasaslight retardation of fetal ossification. Therewasno evidencefor
increased malformations in any of the treatment groups. No evidence for
developmental toxicity was observed in the lower exposure groups. During
exposureat 20,000 ppm, the dams showed adecreased responseto noise (time
of onset not defined). At this concentration, piloerection, haf-closed eyes,
hunched posture, diaphragmatic breathing, andincreased salivation, observed
during the exposures, resolved without sequel ae within 30 min postexposure.

Groups of 16 time-mated New Zealand white rabbits were exposed to
concentrations at 0, 1,400, 4,200, or 12,600 ppm for 6 h/d on days 7 through
19 of pregnancy (Rusch et al. 1995). Exposure conditions and protocol were
similar to those in the rat study above. There was no evidence of treatment-
related developmental toxicity. During exposures, partialy closed eyes and
tachypneawere observedin dams of the4,200- and 12,800-ppm groups; occa-
sional slow, irregular breathing patternsand prone postures were observed in
the 12,800-ppm group. These signs were not present postexposure. There
were no clinical signs observed in the 1,400-ppm exposure group.

A two-generation reproduction study was conducted with maleandfema e
rats (Crl:CD BR VAF/plus strain) with concentrations of HCFC-141b at 0,
2,000, 8,000, or 20,000 ppm for 6 h/d, 7 d/wk (Rusch et al. 1995). The F,
generation of 32 malesand 32 femaleswas treated beginning at age 7 wk for
aperiod of 70 d prior to mating. Exposure continued during the 20-d mating
period and up to the presumed day 20 of pregnancy. At that time, exposure
continued for males but females were housed in separate cages and allowed
to deliver their young (F,, generation) and establish lactation. At 5 d post-
partum, femaes were again exposed during the day and returned to their
breeding cagesovernight. Femalesthat did not deliver by day 20 of presumed
pregnancy were re-exposed beginning 7 d after the presumed day 20 of preg-
nancy. Femalesthat wereidentified as nonpregnant were exposed throughout
the experiment. The F, generation females were mated a second time (with
different males), producing an F,; generation. Randomly selected offspring
from the F,, litter (28 males and 28 females) were exposed to HCFC-141b
under the same conditions astheir F, parents (femaes from 4 wk of age until
day 20 of presumed pregnancy) and an F, generation was produced. For the
F, generation, body weights, food and water consumption, mating perfor-
mance, deaths, number of young born, litter loss, and rearing young to wean-
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ing were recorded. Litters of the F, and F,, generations were evaluated at
several time points with respect to rearing to weaning, litter size, total live
pups, pup loss, litter weight, and mean pup weight.

The only treatment-related observation on reproduction was a decreased
number of litters from the F, parents exposed at 20,000 ppm. This effect
occurred after both matings. The percentages of femaes with littersinthe0-,
2,000-, 8,000-, and 20,000-ppm groups were 94%, 91%, 88%, and 70%, re-
spectively, for the first mating; and 88%, 84%, 90%, and 66%, respectively,
for thesecond mating. Thisfindingwasnot present whentheF,, parentswere
mated to producetheF, pups. Litter sizewassimilar for all groupsfollowing
thefirst F, mating but was|ower in the20,000-ppm exposure groupfollowing
the second mating (12.1 vs. 14.8 in the controls). The litter size was also
smaller for thisexposure group following theF, , mating (11.5vs. 13.4for the
controls). Survival and body weights of F,, litters from the four exposure
groupsto day 4 weresimilar. Sexual maturation wasdightly retarded inmde
pups, which may have been caused by the slightly lower body weight gain.
Adultsrats exposed at 20,000 ppm showed an increase in water consumption,
dlight increase in food consumption, and decrease in body weight. These
factors were minimally present in the group administered 8,000 ppm and
absent in the group inhaling 2,000 ppm.

3.5. Cardiac Sensitization

In an undated study, HCFC-141b was administered to male Sprague-
Dawley rats at concentrations of 5,000, 10,000, or 20,000 ppm for 30 min
(Eger, unpublished data). Asexposure continued, bolusintravenousepineph-
rine, characterized as three times the dose that produced arrhythmias in the
same rats anesthetized with halothane, was administered. The dose of epi-
nephrine was defined as “a maximum of 12 pg/kg.” For this study, three or
more premature ventricular contractions was considered an arrhythmic re-
sponse (Table 4-5). Marked arrhythmias occurred at all concentrations. The
author further comparedthe concentrations of hal othaneand HCFC-141bthat
produced arrhythmias with administration of various doses of exogenous
epinephrine. The nominal chamber concentration for HCFC-141b did not
differ from that of halothane. Furthermore, the arrhythmias were character-
ized asrelatively mild and within acceptable limits for surgical aneshesiain
humans.

Inascreening sudy, dogswereexposed at 2,600, 5,200, 10,000, or 21,600
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ppmfor 5 minfollowed by an intravenous chall enge of epinephrineat 8 ug/kg
(Mullin1977). A concentration of HCFC-141b at 2,600 ppm was ano-effect
level; sensitization wasinduced in one of ten dogsat 5,200 ppm, and at higher
concentrations, deaths ensued.

In a second study, four male purebred beagle dogs were exposed to
HCFC-141bat 9,000-20,000 ppmand wild-caught cynomol gus monkeyswere
exposed to HCFC-141b at 3,000, 5,000, or 10,000 ppm (Hardy et al. 1989a).
Exposures were performed one at a time via a face mask while the animals
wererestrained. Each dog underwent exposure to severd concentrationsin
a sequence designed to diminate bias. Electrocardiograms (EKGs) were
recorded during exposures. Following 2 min of exposureto air, 10 pg/kg of
intravenous epinephrine at a rate of 0.001 mg/second was administered to
establish abaseline response. The dose of epinephrine was sel ected to cause
anoticeabl e effect on the EK G without causing cardiac arrhythmiasor ectopic
beats. The dose was not individualized for each dog. Five minutes later, the
animaswere exposed to HCFC-141b for 10 min. At 5 mininto the exposure,
the same dose of epinephrine was again administered.

Inboth monkeysand dogs, epinephrineal oneinducedthe normal response
of a transient increase in heart rate followed by a reflex slowing and
irregularity of the heart rate, which persisted for 1-2 min. Following the sec-
ond dose of epinephrine (during exposure to HCFC-141b), responses ranged
from no response to death in one dog (Table 4-5). A marked response is
considered afrank effect level (See Section4.2). A marked responseoccurred
in one of two monkeys at 5,000 ppm and one of two dogs at 9,000 ppm. The
positive response in the dog at 9,000 ppm was the only such finding in nine
trials over the concentration range of 9,000 to 13,000 ppm (trials at 10,000
ppm with two dogs were repeated several timeswith no response). Exposure
of one dog at 20,000 ppm followed by the epinephrine challenge produced
severe ventricular fibrillation and cardiac failure.

In afollow up to the Hardy et al. (1989a) study, six beagle dogs were
exposed to concentrations of HCFC-141b at 10,000 or 20,000 ppm (Hardy
1994). At 10,000 ppm, no dogs respondedto epinephrine challengg; five of six
dogsexposed at 20,000 ppm al so showed no response, andthe sixth responded
withmultifocal ventricular ectopic activity followedby fatal ventricular fibril-
lation. Because the exogenous epinephrine dose used in these studies results
inacirculating epinephrine concentration that is up to ten timesthe physiol og-
ical level in stressed animal s(Chengelis 1997), the results of the cardiac sensi-
tization protocol are considered to represent a pharmacological bioassay.
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TABLE 4-5 Cardiac Sensitization in Animals Exposed to HCFC-141b and
Administered Exogenous Epinephrine

Concentration Exposure
Species  (ppm) Time? Effect’ Reference
Rat 5,000 30 min Marked arrhythmia (4/11) Eger,
10,000 30 min Marked arrhythmia (13/15) no date
20,000 30 min Marked arrhythmia (15/15)
Monkey 3,000 10 min No EKG effects (1/1) Hardy et
5,000 10 min M arked cardiac response al. 1989a
(1/2)
10,000 10 min M arked cardiac response
(2/12)
Dog 2,600 10 min No effect (10/10) Mullin
5,200 10 min Marked effect (1/10) 1977
10,000 10 min Death ((1/10)
21,600 10 min Death (2/2)
Dog 9,000 10 min M arked cardiac response Hardy et
(1/2) al. 1989a
10,000 10 min No response (2/2)
12,000 10 min No response (1/1)
13,000 10 min No response (1/1)
14,000 10 min M arked cardiac response
(1/2)
15,000 10 min Marked cardiac response
(1/2)
18,000 10 min M arked cardiac response
(2/12)
19,000 10 min M arked cardiac response
(1/2)
20,000 10 min Death (1/1)
Dog 10,000 10 min No response ((0/6) Hardy
20,000 10 min No response (5/6); death 1994

(1/6)

®Rats were administered an intravenous dose of epinephrine of up to 12 pg/kg after
30 min of exposure to thetest compound; monkeys and dogs were administered 8
pa/kg (Mullin 1977) or 10 pg/kg (Hardy et al. 1989a) 5 min into the 10-min expo-
sures. Dogs were administered individualized doses of epinephrine of 2 to 12 pg/kg

(Hardy 1994).

A marked responseis considered an effect; number of animals affected per number
of animals tested in parenthesis.
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3.6. Genotoxicity

The potential genotoxicity of HCFC-141b, inthe vapor phase, was tested
in a battery of testswith respect to both mutation and clastogenic end points
(Millischer et al. 1995). Bacterial gene mutation assays with Salmonella
typhimurium and Escherichia coli were negative in all strainswith and with-
out metabolic activation at concentrations up to 35%. In vitro, chromosomal
aberration assays were positive with Chinese hamster ovary cellsbut negative
with human lymphocytes. In other tests for chromosomal aberrations in
Chinese hamster ovary cells, one study showed an increase in gaps but not
aberrations when HCFC-141b was incorporated as the liquid into the culture
medium (Wilmer and De Vogd 1988); the other study gave positive results
using vapor concentrations up to 35% (Bootman and Hodson-Walker 1988).
There was no evidence for clastogenicity in the mouse bone marrow
micronucleus assay in which exposure was by inhalation at 34,000 ppmfor 6
h (Millischer et a. 1995). Similar negative results were found in an earlier
test with CD-1 mice that inhaled 2,000, 8,000, or 20,000 ppm for 6 h
(Bootman et al. 1988a).

Therewasnoincreasein mutation frequency at thehypoxanthine-guanine
phosphoribosyl transferase gene locus in the presence or absence of S9
(Bootman et al. 1988b), and results were negative in aDNA repair assay with
E. coli (Hodson-Walker and May 1988).

3.7. Chronic Toxicity and Carcinogenicity

In achronic inhalation study, groups of 80 male and 80 femde Sprague-
Dawley (Crl:CD[SD]BR) rats were exposed at 1,500, 5,000, or 15,000 ppm
for 6 h/d, 5 d/wk for 104 wk (Millischer et al. 1995). Because of the lack of
significant toxicity in the group inhaling 15,000 ppm, this concentration was
increased to 20,000 ppmafter 17 wk. Atmospheresweremonitored regularly
during the 6-h exposureusing gaschromatography and flameioni zation detec-
tion. Hematology and clinical chemistry analyses were performed at weeks
13, 26, 52, 78, and 104. Ten animals of each gender were sacrificed and
autopsied after 52 wk. Two deaths each in the control and low-exposure
groups and one in the high-exposure group were not considered treatment
related.

No clinical 9gnswere noted in any of the groups. Survival was similar
among control and treated groups, and survival inthe mal e treated groupswas
higher than inthe control group. No exposure-related effectsinvolving clini-



1,1-DICHLORO- 1-FLUOROETHANE 187

cal signs, hematology, clinical chemistry, urinalysis, or organ weights were
observed. Reduced food intake accompanied by reduced rates of body weight
gain in both genders was evident during the first weeks of the study at an
exposure concentration of 15,000 ppm. Although the rates of body weight
gain were similar among groups thereafter, the final body weight in the
15,000-ppm group remained depressed. There were no treatment-related
changes in the respiratory tract.

M acroscopi c and microscopi c examinati ons reveal ed testicular pathology .
At study terminationtherewerestatisticaly significantincreasesininterstitial
cell (Leydig cell) adenomas in the 5,000- and 20,000-ppm groups. AS
discussed earlier, these tumors are not relevant to humans. Incidences of
testicular hyperplasia and seminiferous tubule atrophy were marginally in-
creased. Theincidence of adenomasin the 20,000-ppm group waslower than
inthe5,000-ppm group, 17% and 20%, respectively, indicating alack of dose-
response.

3.8. Summary

HCFC-141b has a very low order of acute toxicity by inhalation. LC,,
valuesfor the rat and mouse were >50,000 ppm for time periods of 30 min to
6 h. A 6-h exposure at 41,000 ppm can induce narcosisin mice, and concen-
trations of >30,000 ppm caused prenarcotic signsin mice andrats. Lethargy,
tremors, and body weight loss were observed in mice exposed at 34,000 ppm
for 6 h. Exposureof ratsto concentrations at 30,000 ppm for 3 h and 11,000
ppm for 6 h resulted in minor liver enzyme and serum biochemical changes,
respectively.

In studies utilizing repeated exposures (6 h/d, 5 d/wk for up to 13 wk),
exposure of male andfemaleratsat 8,000 ppm (4 and 13 wk) and 10,000 ppm
(2 wk) resulted in biochemical changes and an increased responsiveness to
touch (8,000 ppm) but no clinical signsor clinical pathology. Repeated expo-
sures at 20,000 ppmresulted in reduced al ertness, nonsignificant reductionin
food consumption and body weight gain, and nonsignificant biochemical
changes but no macroscopic or micrascopic effects on tissues or organs.
Repeated exposures of male and female rats at concentrations up to 15,000
ppm for 16 wk faled to affect neurobehavioral parameters or produce
histopathological changesin the brain.

Lifetime exposures of male and female rats to concentrations as high as
20,000 ppm produced no significant toxicity (Millischer et al. 1995). Chronic
exposures resulted in only minimal effects on body weight and an increased
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incidence of benign testicular interstitial cell tumors. These tumors occur
commonly intheagingrat, although theincidenceswere greater than therange
of historical control values. Interstitial cell (Leydig cell) adenomasin therat
rarely progressto malignancy (Boorman etal. 1990). Theauthors (Millischer
et al. 1995) attributed these tumors at high exposure levelsin aging ratsto a
change of the senile hormonal imbaance in geriatric rats. This species-spe-
cific occurrence would indicate little tumorigenic risk to human males. It
should be noted that the NRC Subcommitteeto Review Toxicity of Alterna-
tives to Chlorofluorocar-bons did not consider an increase in Leydig cdl
tumors applicable to humans (Bakshi et al. 1998). Although results were
mixed in standard assaysfor genotoxicity (with positive resultsfor chromo-
somal aberrations only in Chinese hamster ovary cells), evaluation of the
weight of evidence indicated that HCFC-141b showed no sgnificant
genotoxic activity. The primarily negative resultsin genotoxicity assays also
support the conclusion of no carcinogenic risk for humans.

Increased postimplantation loss and reduced litter and fetal weightswere
associated with overt maternal toxicity in rats exposed at 20,000 ppm on days
6 through 16 of gestation. Inrabbits, maternal toxicity wasobserved at 12,600
ppm. There was no evidence of congenital malformations in either species
that could be attributed to HCFC-141b exposures.

Cardiac arrhythmias were induced in rats injected with exogenous epi-
nephrineand exposed to HCFC-141bat 5,000 ppm. However, theintravenous
dose of epinephrinerequired was 3-fold that which induced arrhythmiasinthe
same ratsadministered hal othane, acommon clinical anesthetic. Furthermore,
thearrhythmiaswere characterized asmild. Thethreshold for cardiac sensiti-
zation for dogs was gpproximately 5,200 ppm. Deaths occurred in one study
at 10,000 ppm and in another study at 20,000 ppm (with no deaths between
concentrations of 9,000 and 19,000 ppm).

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition Considerations
4.1.1. Deposition
Healthy maleand femal e human subjects (ages 22-30y) wereexposed two

at atime to HCFC-141bin a 45-m® chamber (see Section 2.2.1) (Utell et al.
1997). Concentrations were 0, 250, 500, or 1,000 ppm as measured by an
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infrared analyzer. Mean expired concentrationswhile breathing 250, 500, or
1,000 ppm were 213.7, 407.2, and 837.9 ppm, respectively. These vaues
yield mean depositions of 15.3%, 16.5%, and 16.6%, respectively. The per-
cent deposition was similar during the three exercise periods. At 24 h
postexposure, expired concentrations ranged from 0 to 5 ppm.

Blood measurements of HCFC-141b were made prior to exposure, after
each exercise period (55, 145, and 225 min into exposure), and 24 h
postexposure (Utell et al. 1997). Mean peak circulating concentrations oc-
curred after 225 min (approximately 4 h) of exposure andwere 0.90, 1.65, and
2.98 ug/g of blood, respectively, at the three nominal concentrations. The
relationship between exposure concentration and blood level appeared linear
and reached a plateau at the 250-ppm concentration by 145 min. For all expo-
sure concentrations, the blood concentrations at 55 min were within 80% of
theconcentrationsat 225 min. For volunteersthat underwent neurobehavioral
testing, circulating HCFC-141b concentrationsafter 6 h at 500 and 1,000 ppm
were 1.56 and 3.33 pg/g, respectively. These values were similar to those at
4h.

Gasuptake studieswith ras showed that pulmonary absorption of HCFC-
141binto the systemic circulation isafirst-order process (Loizouand Anders
1993; Loizou et a. 1996).

4.1.2. Metabolism

In the Utell et al. (1997) study, urine samples were collected prior to
exposure, at the end of exposure (0-4 h), and at 4-12 h and 12-24 h for mea-
surement of metabolites (Tong et al. 1998). The major metabolite was 2,2-
dichloro-2-fluoroethyl glucuronide. Excretion of the metabolite was dose-
dependent with the highest amounts present in the 4-12 h urine samples. A
small amount of dichlorofluoroacetic acid was present. HCFC-141b was not
detected in blood 24 h after exposure.

Metabolism in rats was similar to that of humans, with formation of 2,2-
dichloro-2-fluoroethanol followed by conjugation with glucuronic acid and
excretionintheurine. Four to six male Fischer 344 ratswere exposed individ-
ually by inhalation for 3 or 6 hiin a 1.67 liter closed-chamber recirculating
exposure system (Loizou and Anders 1993; Loizou et al. 1996). Concentra-
tions at 1,000, 3,000, 5,000, 8,000, or 10,000 ppm for 6 h (first study) or
2,000, 4,000, 8,000, 20,000, or 30,000 ppmfor 3 h (second study) were mea-
sured during the expaosures by gas chromatography. Uptake was rapid during
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an initial 100 min followed by a slow linear accumulation. The blood:air
partition coefficient was 2.10. Therelationship between exposure and excre-
tion was linear over the exposure concentration range studied. The only uri-
nary metabolite formed at concentrations <40,000 ppm was 2,2-dichloro-2-
fluoroethanol (via cytochrome P-450 2E1), which was conjugated with
glucuronic acid. At 40,000 ppm, asmall amount of the alcohol was oxidized
to 2,2-dichloro-2-fluoroacetic acid (Harris and Anders 1991; Loizou et al.
1996).

HCFC-141b isapoor substrate for cytochrome P-450 2E1, and the level
of metabolismislow (Harrisand Anders 1991). Pharmacokinetic data indi-
catethat <6% of the inhal ed dose was metabolized, and the rest was excreted
unchanged (Loizou et al. 1996).

4.2. Mechanism of Toxicity

HCFC-141b at high concentrationshas anesthetic and narcotic properties;
cardiac sensitization may also occur. The biochemical mechanism(s) of action
of these two effects is not well understood.

Inhalation of certain hydrocarbons, including some anesthetics, can make
themammalian heart abnormally sensitiveto epinephrine, resultinginventric-
ular arrhythmias, which in some cases can lead to sudden death (Reinhardt et
al. 1971). The mechaniam of action of cardiac sensitizationisnot completely
understood but appears to involve a disturbance in the normal conduction of
the electrical impulse through the heart, probably by producing alocal distur-
bance in the electrical potential across cell membranes. The hydrocarbons
themselves do not produce arrhythmia; the arrhythmia is the result of the
potentiation of endogenous epinephrine (adrenalin) by the hydrocarbon.

Although other species have been tested, the dog is the species of choice
for the mammalian cardiac sensitization model as they serve as a reliable
cardiovascular model for humans, possess a large heart size, and can be
trained to calmly accept the experimental procedures (Aviado 1994; NRC
1996). The cardiac sensitization test has been evaluated by NRC (1996) who
recommended that the male beagle be used as the model in this test.

Testing for cardiac sendtization condsts of establishing a background
(contral) response to an injection of epinephrine foll owed by a second injec-
tion during exposure to the chemical of concern (Reinhardt et al. 1971). The
dose of epinephrine chosen isthe maximum dose that does not cause aserious
arrhythmia(NRC 1996). Becauseasecond injection of epinephrineduringair
exposure often inducesa mild cardiac response, Reinhardt et al. (1971) con-
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sidered only “marked” responses to the second injection of epinephrine a
significant cardiac sensitization response. Cardiac sensitization isdefined as
greater than five ectopic beats or ventricular fibrillation, as evidenced on the
EKG, inresponseto epinephrine. Ventricular tachycardiaaloneisnot consid-
ered apositive response. The response to injected epinephrine lasts lessthan
60 s. Concentrations of halocarbons that do not produce a positive response
in this short-term test generally do not produce the response when exposures
are continued for 6 h (Reinhardt et al. 1971; NRC 1996). This information
indicatesthat cardiac sensitizationisaconcentration-rel ated threshold effect.

Although thistest isuseful for identifying compounds capable of cardiac
sensitization, the capacity to establish an effect level islimited. Thetest is
very conservative as the level s of epinephrine administered represent an ap-
proximate 10-fold excess over blood concentrations that would be achieved
endogenously in dogs (Chengelis 1997) or humans (NRC 1996), even in
highly stressful situations. The dose of epinephrineischaosento bejust below
the threshold for inducing a cardiac effect. In earlier sudies with dogs in
which a loud noise was used to stimulate endogenous epinephrine release,
arrhythmias occurred only at very high concentrations of halocarbons (80%
hal ocarbon compound and 20% oxygen) for 30 s (Reinhardt et al. 1971).

4.3. Structure-Activity Relationships

The halogenated hydrocarbons are generally of low acute toxicity, but
several are associated with anesthetic effectsand cardiac sensitization. Car-
diac sensitization of halogenated alkanes appears related to the number of
chlorineor fluorine substitutions. Halogenated alkanesin which >75% of the
halogens consist of fluorine are of low cardiac sensitization potential com-
pared with halogenated alkanes in which >50% of the halogen substitutions
arechlorine (Hardy et d., 1994). However, halogenationis not necessary for
cardiac sensitization to occur, asit has been reported to occur with hydrocar-
bons (Reinhardt et al. 1971).

4.4. Other Relevant Information
4.4.1. Species Variability

Concentrations <20,000 ppm appeared to be no-effect levels among the
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dog, rat, and mouse. Induction of anesthesia occurred at approximately
30,000 ppm for both the rat and mouse.

4.4.2. Susceptible Populations

No information on potentially susceptible populations was located for
HCFC-141b. A structuraly related chemical, 1,1,1,2-tetrafluoroethane, has
been tested in metered-dose inhalers for the treatment of asthma. Test sub-
jectsincluded adult and pediatric asthma patients aswell asindividual s with
severe COPD. No adverse effects were reported (Smith et al. 1994; Taggart
etal. 1994; Ventrescal1995; Woodcock 1995). Thestructurally related chemi-
calstrichlorofluoromethane (CFC-11) anddichlorodifluoromethane(CFC-12)
arepresently used in metered-dose inhalersfor thetreatment of asthmabut are
phased out under the Montreal Protocol of 1987 (Alexander 1995). Structur-
aly related compoundsincluding 1,1,1-trichloroethane and trichloro-fluoro-
methanewere al so tested for cardiac sensitization in adog model with experi-
mentaly induced myocardia infarction. Intheseexperimentscardiac sensiti-
zation occurred under the same conditions asin healthy dogs (Trochimowicz
et al. 1976).

4.4.3. Concentration-Exposure Duration Relationship

Insufficient data were available to establish a concentration-exposure
duration relationship for asingle end point. LC,, valuesfor themalerat were
similar at 4 and 6 h (58,931 and 56,700 ppm, respectively), indicating a pla-
teau. Only one exposure duration involving lethality was available for the
mouse, a mean 30-min LC,, of approximately 90,000 ppm.

Time scalingmay not beapplicableto hal ogenated hydrocarbons asblood
concentrations of these chemicals do not increase as exposure time is
increased beyond 5-10 min (Bakshi et al. 1998). In the Utell et al. (1997)
study with humanvolunteersexposedto HCFC-141b, therel ationshi p between
exposure concentration and blood | evel waslinear and reached equilibriumat
250 ppmwithin145 min. Graphical representation of the exposuretime-blood
concentration indicated that at the higher concentrations, equilibrium was
approached at 225 min, and at 55 min concentrations were within 80% of the
225 min concentration. Furthermore, the circulating HCFC-141b concentra-
tion, rather than duration of exposure, defines whether or not a cardiac re-
sponsewill occur.
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5. DATA ANALYSIS FOR AEGL-1

The AEGL-1 refers to the concentration of an airborne substance below
which the general population could be exposed without experiencing symp-
toms other than mild odor or taste or other slight or mild sensory irritation but
above which persons might experience notable discomfort.

5.1. Summary of Human Data Relevant to AEGL-1

The study in which eight exercising subjectswere exposed to concentra-
tions at 250, 500, or 1,000 ppm for 4 h and one subject was exposed at these
concentrations for 6 h (Utell et al. 1997) is relevant to the derivation of the
AEGL-1. The absence of any measurabl e adverse effect indicates that these
concentrations are bel ow those defined by the AEGL-1. No symptoms, clini-
cal signs, or respiratory effects were associated with these exposures. It
should be noted that EKG tracings indicated that the heart responded in a
normal manner for all exposures, even during exercise.

5.2. Summary of Animal Data Relevant to AEGL-1

In the studies that did not invol ve special procedures such as the cardiac
sensitization test, exposures to concentrations up to 30,000 ppmfor upto 6 h
did not induce clinical signs in mice (Vlachos 1988). At 30,000 ppm and
lower concentrations, only nonsignificant serumor liver biochemical changes
occurred in rats that inhaled HCFC-141b for >3 h (Brock et al. 1995; Loizou
et a. 1996).

5.3. Derivation of AEGL-1

In the Utell et al. (1997) study with exercising humans, the highest con-
centration tested, 1,000 ppm for 4 or 6 h, was a no-effect level. Although
humansmay differintheir sensitivity to halocarbon chemicals, no clear varia-
tions for this chemical were observed in the key study. The exercise period
takes into consideration stress that humans might undergo under emergency
conditions. Although the 1,000 ppm is a free-standing NOAEL , the animal
studiesindicate that this concentration is far below any adverse effect level.

Thus, the 4- or 6-h NOAEL of 1,000 ppm in exercising humans was se-
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lected asthe basisfor the AEGL-1. Becauseit isano-effect level in exercis-
ing subjectsand there were noindications of differencesin responses among
the subjects, an intraspecies uncertainty factor (UF) of 1 was applied. The
intraspecies UF is supported by the lack of adverse effects in patients with
respiratory diseases who use metered-dose inhalers containing structurally
related chemicals asthemajor propellant. Becausethe pharmacokinetic data
indicated that the blood concentration of humans exposed at 1,000 ppm does
not greatly increase with time after 55 min and dog studies showed that the
circulating concentration of HCFC-141b, rather than duration of exposure, is
the defining factor for the cardiac response, the same value was adopted
across dl AEGL-1time points (Table 4-6).

Studies with laboratory animals support an AEGL-1 of 1,000 ppm. Only
nonsignificant liver and serum biochemical changes occurred in ratsexposed
at 30,000 ppm for 3 h or 11,000 ppm for 6 h (Table 4-4). Adjustment of the
6-h, 11,000-ppm concentration by interspeciesandintraspecies UFsof 3 each,
for atotal of 10, resultsin essentially the same concentration (1,100 ppm) as
that derived from the human data.

6. DATA ANALYSIS FOR AEGL-2

The AEGL-2 refersto the concentration above which the general popula-
tion could experience irreversible or other serious, long-lasting effects or
impaired ability to escape.

6.1. Summary of Human Data Relevant to AEGL-2

No human datathat address the level of effects defined by the AEGL-2
were located.

6.2. Summary of Animal Data Relevant to AEGL-2

Humans exposed at high concentrations of some halogenated hydrocar-
bons can develop cardiac arrhythmias. The cardiac sensitization test in dogs
is considered an effective determination of potential cardiac sensitization in
humans. Cardiotoxicity was observed at concentrations well below those
associated with any acutetoxic signs but only in the presence of greater-than-
physiological doses of exogenous epinephrine.
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TABLE 4-6 AEGL-1 Vduesfor HCFC-141b (ppm [mg/m?])

10 min 30 min 1h 4 h 8h
1,000 1,000 1,000 1,000 1,000
(4,850) (4,850) (4,850) (4,850) (4,850)

In awell-conducted study with dogs, the threshold for cardiac sensitiza-
tion was 9,000-10,000 ppm (Hardy et a. 1989a), although 5,200 ppm was the
threshold in an earlier study (Mullin 1977). Although neither author distin-
guished the level of effect at the threshold concentrations from the marked
cardiactoxicity that occurredat higher concentrations, the 5,200-ppm concen-
tration in the Mullin (1977) study was below that causing death in the dog
(by afactor of 3, approximately) inthe Hardy et al. (1989a) study. Further-
more, although cardiac sensitization occurred, the animal recovered fromthe
event, and no cardiac sensitization occurred at the three next highest concen-
trationsin the Hardy et al. (19894) study.

6.3. Derivation of AEGL-2

Although it is an optimized model (injected epinephrineresultsin up to
ten timesthe physiological level in stressed animals), the end point of cardiac
sensitization isrelevant to human exposures because humans exposed at high
concentrations of some halocarbons can develop cardiac arrhythmias. The
supersensitivity of the animal model might argue for application of no uncer-
tainty factors (UFs). The 5,200-ppm concentration, which appearsto be the
threshold for cardiac sensitization in the dog, was chosen as the basis for the
AEGL-2 values. Because the dog heart is areliable modd for that of the
human, an interspecies UF of 1 was applied. Because this is a conservative
test, anintraspecies UF of 3 was applied to account for potentially susceptible
individuals. Blood concentrationswere at equilibrium within approximately
55 min during human exposures, and concentrations of halocarbons that do
not produce a positive response in this short-term test generally do not pro-
duce the response when exposures are continued for 6 h, so thevalue of 1,700
ppm was applied across all AEGL-2 time periods (Table 4-7).

The 1,700 ppm AEGL -2 is supported by studiesin which no effects other
than prenarcotic signsand/or narcosiswereobserved in rats and mice exposed
at approximately 30,000 ppmfor 4 or 6 h (Vlachos 1988; Hardy et al. 1989b;
Brock et al. 1995). Adjustment of the 30,000 ppm concentration by inter-
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TABLE 4-7 AEGL-2 Vauesfor HCFC-141b [ppm (mg/n?)]

10 min 30 min 1h 4 h 8h
1,700 1,700 1,700 1,700 1,700
(8,245) (8,245) (8,245) (8,245) (8,245)

species and intraspecies UFs of 3 each, for atotal of 10, results in a higher
concentration (3,000 ppm) than that derived fromthedog cardiac sensitization
data.

7. DATA ANALYSIS FOR AEGL-3

The AEGL-3 refersto the concentration above which death or life-threat-
ening effects may occur.

7.1. Summary of Human Data Relevant to AEGL-3

No human data that address the level of effects defined by the AEGL-3
were located.

7.2. Summary of Animal Data Relevant to AEGL-3

The highest concentration that caused cardiac sensitization but no deaths
in dogs given intravenous epinephrine was 9,000 ppm (Hardy et al. 1989a).

7.3. Derivation of AEGL-3

The 9,000-ppm concentration, which appearsto bethethresholdfor death
in the dog cardiac sensitization test, was chosen as the basisfor the AEGL-3
values. Because the dog heart is areliable model for that of the human, an
interspecies UF of 1 was gpplied. This concentration was adjusted by an
intraspecies UF of 3 to account for potentialy susceptible individuals. Ad-
justment by an intraspecies UF of 3 was considered sufficient because the
cardiac sensitization test is a conservative model. (The dose of epinephrine
resultsin alevel greater than physiological by up to afactor of 10.) Usingthe
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TABLE 4-8 AEGL-3 Vduesfor HCFC-141b [ppm (mg/n)]

10 min 30 min 1h 4h 8 h
3,000 3,000 3,000 3,000 3,000
(14,550) (14,550) (14,550) (14,550) (14,550)

same reasoning asfor the AEGL -2 val ues above, the value of 3,000 ppmwas
applied to all AEGL-3 time periods (Table 4-8).

The NOAELSs for developmental effects in rats and rabbits exposed to
HCFC-141b during pregnancy were 8,000 and 12,600 ppm, respectively
(Ruschet al. 1995). Therewasno evidence of congenital malformationduring
these and higher exposures, and signs of developmental toxicity were attrib-
uted to concomitant overt maternal toxicity. A concentration of 8,000 ppm
was also aNOAEL in the two-generation study with rats (Rusch et al. 1989),
but the study protocal has the disadvantage of very long duration for applica-
tion to acute exposure scenarios.

Inlethality studies, the highest nonlethal concentrationswere asfollows:
rat, 4 h, 45,781 ppm (Brock et al. 1995); rat, 6 h, 42,800 ppm (Brock et al.
1995); and mouse, 6 h, 41,000 ppm (Vlachos 1988). Using the highest
NOAEL for death and UFs of 3 for interspecies variability and 3 for
intraspecies variahility, the AEGL-3, based on the threshold for lethality,
woul d be approximately 4,600 ppm.

8. SUMMARY OF AEGLs
8.1. AEGL Values and Toxicity End Points

The AEGL-1 wasbased on a4- or 6-h NOAEL of 1,000 ppminexercising
human volunteers. Because effects occurredin animal studiesonly at consid-
erably higher concentrations, an intraspecies UF of 1 wasapplied. Because
blood concentrations of HCFC-141b did not greatly increase after 55 min of
exposure, the resulting value of 1,000 ppm was used for all time periods.

The AEGL-2 was based on the threshold for cardiac sensitization using
thedog model. Thisconcentrationwas5,200 ppm. Becausethe cardiac sensi-
tization test ishighly sensitive as the response to epinephrine is optimized, a
singleintraspeciesUF of 3wasapplied. Cardiac sensitizationisconcentration
dependent; duration of exposure failed to influence the circulating concen-
tration at whichthiseffect occurred. Because cardiac sensitization isconcen-
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tration dependent, the resulting value of 1,700 ppm was assigned to all time
periods.

The AEGL-3 was based on the highest concentration that did not cause
deathin the cardiac sensiti zation test withthe dog. Because the cardiac sensi-
tization test is optimized, this concentration of 9,000 ppm was adjusted by an
intraspecies UF of 3 to protect potentially susceptible humans. Because car-
diac sensitization isconcentration dependent, theresulting val ueof 3,000 ppm
was assigned to all time periods.

The AEGL values are summarized in Table 4-9.

8.2. Comparison with Other Standards and Guidelines

HCFC-141bisarelatively new chemical and only the American Industrial
Hygiene Association (AIHA 1998) has devel oped workplaceguidelines. The
AIHA Workplace Environmental Exposure Level (WEEL) of 500 ppmisto
be applied as an 8-h time-weighted average (TWA).

It should be noted that, for establishment of a 1-h Emergency Exposure
GuidancelL evel (EEGL ) for another halocarbon, the NRC (NRC 1996; Bakshi
et al. 1998) recommended application of asingleinterspecies UF of 10to the
cardiac sensitization test withthe dog. Because blood concentrations of sev-
eral halocarbonsrapidly reached equilibrium, the NRC al so extrapol ated this
10-min test to the longer time period of 1 h. Controlled human data were not
available for many of the materials considered by the NRC, whereas human
data are available for HCFC-141b.

8.3. Data Adequacy and Research Needs

The data base for HCFC-141b is extensive and contains sudies with
human subjectsaswell as several mammalian species. The study with human
subjects was well conducted and addressed clinical symptoms, respiratory
effects, cardiotoxicity, hematology and clinicd chemistry effects, and
pharmacokinetics. The study with humans established a no-effect level
(AEGL-1) that may be conservative, because a lowest-observed-effect leve
was ot attained. The AEGL-1 of 1,000 ppmissupported by the animal data,
which show an absence of effectsat concentrationsthat are higher by afactor
of 10. Animal studies addressed both acute and chronic exposure durations
aswell as neurotoxicity, genotoxicity, carcinogenicity, and cardiac sensitiza-
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TABLE 4-9 Summary of AEGL Values (ppm [mg/m?])

Exposure Duration

Classification 10 min 30 min 1h 4 h 8h
AEGL-1 1,000 1,000 1,000 1,000 1,000
(Nondisabling) (4,850) (4,850) (4,850) (4,850) (4,850)
AEGL-2 1,700 1,700 1,700 1,700 1,700
(Disabling) (8,245) (8,245) (8,245) (8,245) (8,245)
AEGL-3 3,000 3,000 3,000 3,000 3,000
(Lethal) (14,550) (14,550) (14,550) (14,550) (14,550)

tion. Except for the short-term cardiac sensitization test, most of the study
exposure durationswerefor relatively long periods of time, 4 and 6 h. Using
the values derived from longer exposure durations for the shorter durations
resultsin conservative values. Cardiac sensitization is athreshold effect and
itisbased on circulaing HCFC-141b concentrations; exposuredurationswere
not as relevant as nominal concentration. For this reason, the same AEGL
value was applied across all time periods.

Because the cardiac sensitization studies use exogenous epinephrine that
isgreater than physiological levels under stress, the protocol utilized may be
pharmacological rather than physiological cardiac sensitization, whichwould
develop under emergency conditions. Inonestudy (Trochimowicz 1997), the
cardiac sensitization response was induced in exercising dogs at halocarbon
concentrationsthat were two to four times the concentrationsthat induced the
response with the exogenous epinephrine. Usng this sensitive end point
further increases confidence in the AEGL values. In addition, both key stud-
iesfor the AEGL -2 and AEGL -3 used high doses of epinephrine that were not
individualizedtotheanimals. Althoughthekey study forthe AEGL-2(Mullin
1977) lacked detail sof procedures, prior publicationsindicate that the authors
have considerable experience in performing thistest. Although the Mullin
(1977) study reported thelowest dose that caused cardiac sensitizationin the
dog, more recent studies by Hardy et al. (1989a) and Hardy (1994) indicate
that the threshold for HCFC-141b-induced cardiac sensitization may be as
high as 9,000 ppm. The Hardy (1994) study has the advantage in that doses
of epinephrinewereindividualized to each dog. Therelative responses of the
dog, monkey, and human heart to exogenous or endogenous epinephrinedur-
ing exposure to halogenated hydrocarbons are unknown; however, the dog
heart is considered areliable model for that of the human.
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DERIVATION SUMMARY FOR
ACUTE EXPOSURE GUIDELINE LEVELS FOR
1,1-DICHLORO-1-FLUOROETHANE (HCFC-141b)
(CAS No. 1717-00-6)

AEGL-1
10 min 30 min 1h 4h 8h
1,000 ppm 1,000 ppm 1,000 ppm 1,000 ppm 1,000 ppm

Key reference:  Utell, M.J., M.W. Anders, and P.E. Morrow. 1997. Clinical
inhalation studies with HCFC-141b. Find report: December 4,
1997. M A-RR-97-2406, Departments of Medicine, Environ-
mental Medicine, and Pharmacology and Physiology, Univer-
sity of Rochester Medica Center, Rochester, NY.

Test species/Strain/Number: Eight healthy human subjects

Exposure route/Concentrations/Durations: Inhalation: 0, 250, 500, 1,000 ppm
for 4 h (eight subjects); two subjects were exposed at 500 ppm for 6 h; and 1 sub-
ject was exposed at 1,000 ppm for 6 h. Subjects exercised for three 20-min peri-
ods during each exposure.

Effects: No effects at any concentration for any subject.

End point/Concentration/Rationale: The highest tested concentration of 1,000
ppm for 4 or 6 h was used as the basis for the AEGL-1. This concentration was a
NOAEL for irritation and cardiac, lung, and respiratory effects.

Uncertainty factors/Rationale:
Total uncertainty factor: 1

Interspecies: Not applicable; human subjects tested.
Intraspecies: 1 - This no-effect concentration for eight healthy, exercis-
ing individuals was far below concentrations causing effects in animals.
At this low concentration there was no indication of differencesin sensi-
tivity among the subjects. Studieswith structurally related chemicals ad-
ministered in metered-dose inhalers to patients with respiratory diseases
show that these chemicals produce no adverse effects.

Modifying factor: Not applied.

Animal to human dosimetric adjustment: Not applicable; human data used.

Time scaling: Not applied; inadequate data. Based on the rapidity with which
blood concentrations approached equilibrium in human subjects, the similarity of
lethality valuesin rats exposed for 4 or 6 h, and the fact that cardiac sensitization,
the most sensitive end point in studies with halocarbons, is a concentration-de-
pendent threshold effect, the 6-h value was used for all exposure durations.
(Continued)
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AEGL-1 Continued

Data adequacy: The key study was well designed, conducted, and documented.
Exercise takes into consideration some of the stress that humans might experi-
ence under emergency conditions. Animal studies addressed both acute and
chronic exposure durations as well as neurotoxicity, genotoxicity, carcinogenic-
ity, and cardiac sensitization. In animal studies, concentrations up to 11,000 ppm
for up to 6 hdid not produce adverse effects. Adjustment of the 11,000-ppm
concentration by interspecies and intraspecies uncertainty factors of 3 each, for a
total of 10, results in essentially the same concentration (1,100 ppm) as that de-
rived from the human data.
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AEGL-2
10 min 30 min 1h 4 h 8 h
1,700 ppm 1,700 ppm 1,700 ppm 1,700 ppm 1,700 ppm

Key reference:  Mullin, L.S. 1977. Cardiac sensitisation. Haskell Laboratory
Report 957-77, E.l. du Pont de Nemours and Co., Newark,
DE.

Test species/Strain/Sex/Number: male beagle dogs (1-2 per exposure group)

Exposure route/Concentrations/Durations: Inhalation: 2,600, 5,200, 10,000, and
21,600 ppm for 10 min (the cardiac sensitization test is a 10-min test);
epinephrine dose at 8 ug/kg. The cardiac sensitization test is based on the obser-
vation that some halocarbons make the mammalian heart abnormally sensitive to
epinephrine, resulting in ectopic beats and/or ventricular fibrillation, which may
result in death. The dose of administered epinephrine results in blood levels that
may be approximately ten times endogenous levels and is close to the threshold
for inducing cardiac effects in the absence of the test chemical.

Effects No cardiac effectsat 2,600 ppm; cardiac response in 1/10 dogs at 5,200
ppm; death of 1/10 dogs at 10,000 ppm.

End point/Concentration/Rationale: The concentration of 5,200 ppm was chosen
as the basis for the AEGL-2. This concentration is the threshold for cardiac sen-
sitization in the dog.

Uncertainty factors/Rationale:
Total uncertainty factor: 3

Interspecies: 1 - The cardiac sensitization model with the dog heart is
considered a good model for humans.
Intraspecies. 3 - The test is optimized; there isa built in safety factor
because of the greater-than-physiological dose of epinephrine adminis-
tered. In addition, there are no dataindicating individual differencesin
sensitivity.

Modifying factor: Not applied.

Animal to human dosimetric adjustment: Not applicable.

Time scaling: Not applied. The cardiac sensitization responseis a
concentration-dependent threshold effect; dogs exposed for longer durations to
similar chemicalsresponded in a similar manner. Therefore, the same concentra-
tion was used for all exposure durations.

Data adequacy: Humans exposed to halocarbons may develop cardiac
arrhythmias. The cardiac sensitization test with the dog is a good model because
the test is highly sensitive (i.e., the exogenous dose of epinephrine isat much
greater than physiological levels). The concentration of 1,700 ppm is far below
(Continued)
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AEGL-2 Continued

the highest 6-h non-narcotic concentration in mice (30,000 ppm). Adjustment of
the 30,000-ppm concentration by interspecies and intraspecies uncertainty fac-
torsof 3 each, for atotal of 10, would result in a higher concentration (3,000
ppm) than that based on cardiac sensitization. Additional animal studies

addressed neurotoxicity, reproductive and developmental toxicity, and carcinoge-
nicity.
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AEGL-3
10 min 30 min 1h 4 h 8h
3,000 ppm 3,000 ppm 3,000 ppm 3,000 ppm 3,000 ppm

Key reference: Hardy, J.C., I.J. Sharman, and D.O. Chanter. 1989a. A ssess-
ment of cardiac sensitisation potential in dogs and monkeys.
Comparison of 1-141b and F11. PWT 86/89437, Huntingdon
Research Centre Ltd., Huntingdon, Cambridgeshire, England.

Test species/Strain/Sex/Number: mal e beagle dogs (1-2 per exposure group)

Exposure route/Concentrations/Durations:

Inhalation: 2,600, 5,200, 10,000, and 21,600 ppm; epinephrine dose at 8
pa/kg (Mullin 1977).

Inhalation: 9,000-20,000 ppm; epinephrine dose at 10 pg/kg (Hardy et al.
1989a).

The cardiac sensitization test is based on the observation that some
halocarbons make the mammalian heart abnormally sensitive to epinephrine, re-
sulting in ectopic beats and/or ventricular fibrillation, which may result in death.
Effects are monitored with electrocardiograms (EKG). The dose of administered
epinephrine results in blood levels that may be approximately ten times endoge-
nous levels and is close to the threshold for inducing cardiac effects in the ab-
sence of the test chemical.

Effects:  No cardiac effectsat 2,600 ppm; cardiac response at >5,200 ppm
(Mullin 1977).
Marked cardiac response at 9,000 ppm; death at 20,000 ppm (Hardy
et al. 1989a).

End point/Concentration/Rationale: The concentration of 9,000 ppm was chosen
as the basis for the AEGL-3 because it was the highest tested concentration that
did not result in lethality in the cardiac sensitization test.

Uncertainty factors/Rationale:
Total uncertainty factor: 3

Interspecies: 1 - The cardiac sensitization model with the dog heart is
considered a good model for humans.
Intraspecies: 3 - The test is optimized; there isa built in safety factor
because of the greater-than-physiological dose of epinephrine adminis-
tered. In addition, there are no dataindicating individual differencesin
sensitivity.

Modifying factor: Not applied.

Animal to human dosimetric adjustment: Not applicable.

(Continued)
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AEGL-3 Continued

Time scaling: Not applied. The cardiac sensitization responseis a
concentration-dependent threshold effect; dogs exposed to similar chemicalsfor
longer durationsresponded in a similar manner. Therefore, the same concentra-
tion was used for all exposure durations.

Data adequacy: Humans exposed to halocarbons may develop cardiac
arrhythmias. The cardiac sensitization test with the dog is a good model because
the test is highly sensitive (i.e., the exogenous dose of epinephrine isat much
greater than physiologica levels). The concentration of 3,000 ppm is far below
the highest 4-6 h nonlethal concentration of 45,781 ppm in studies with labora-
tory animals. Adjustment of the 45,781 ppm concentration by interspecies and
intraspecies uncertainty factors of 3 each, for atotal of 10, resultsin a higher
concentration (4,600 ppm) than that derived from the cardiac sensitization data.
Using repeated exposures, 8,000 ppm was a NOAEL and 20,000 ppm was a
LOAEL for developmental effects associated with maternal toxicity in rats. Ad-
ditional studies addressed neurotoxicity and carcinogenicity.




