Acute Exposure Guideline Levels
for Selected Airborne Chemicals

VOLUME 5

Committee on Acute Exposure Guideline Levels
Committee on Toxicology
Board on Environmental Studies and Toxicology

Division on Earth and Life Studies

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu



THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW  Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the councils of
the National Academy of Sciences, the National Academy of Engineering, and the Insti-
tute of Medicine. The members of the committee responsible for the report were chosen
for their special competences and with regard for ap—propriate balance.

This project was supported by Contract No. DAMD17-99-C-9049 between the National
Academy of Sciences and the U.S. Department of Defense and Contract No. 68-C-03-081
between the National Academy of Sciences and the U.S. Environmental Protection
Agency. Any opinions, findings, conclusions, or recommendations expressed in this
publication are those of the author(s) and do not necessarily reflect the view of the or-
ganizations or agencies that provided support for this project.

International Standard Book Number-13: 978-0-309-10358-9
International Standard Book Number-10: 0-309-10358-4
Additional copies of this report are available from

The National Academies Press

500 Fifth Street, NW

Box 285

Washington, DC 20055

800-624-6242

202-334-3313 (in the Washington metropolitan area)
http://www.nap.edu

Copyright 2007 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America



THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate
that requires it to advise the federal government on scientific and technical matters. Dr.
Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government.
The National Academy of Engineering also sponsors engineering programs aimed at
meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. Wm. A. Wulf is president of the National Academy of
Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination
of policy matters pertaining to the health of the public. The Institute acts under the re-
sponsibility given to the National Academy of Sciences by its congressional charter to be
an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Harvey V. Fineberg is president of the Insti-
tute of Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become
the principal operating agency of both the National Academy of Sciences and the Na-
tional Academy of Engineering in providing services to the government, the public, and
the scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Wm. A. Wulf
are chair and vice chair, respectively, of the National Research Council.

www.national-academies.org



COMMITTEE ON ACUTE EXPOSURE GUIDELINE LEVELS
Members

DONALD E. GARDNER (Chair), Inhalation Toxicology Associates, Raleigh, NC

DANIEL KREWSKI (past Chair), University of Ottawa, Ontario, Canada

EDWARD C. BISHOP, HDR Engineering, Inc., Omaha, NE

JAMES V. BRUCKNER (past member), University of Georgia, Athens

RAKESH DIXIT, MedImmune, Inc., Gaithersburg, MD

JOHN DOULL (past member), University of Kansas Medical Center, Kansas City

JEFFREY W. FISHER, University of Georgia, Athens

DAVID W. GAYLOR (past member), Gaylor and Associates, LLC, Eureka Springs, AR

KANNAN KRISHNAN (past member), University of Montreal, Quebec, Canada

DAVID P. KELLY, Dupont Company, Newark, DE

STEPHEN U. LESTER (past member), Center for Health, Environment, and Justice, Falls Church, VA
JUDITH MACGREGOR (past member), Toxicology Consulting Services, Arnold, MD

PATRICIA M. MCGINNIS (past member), Syracuse Research Corporation, Ft. Washington, PA
DAVID A. MACYS, Island County Health Department, Coupeville, WA

FRANZ OESCH, University of Mainz, Mainz, Germany

RICHARD B. SCHLESINGER, Pace University, New York, NY

CALVIN C. WILLHITE (past member), California Department of Toxic Substances Control, Berkeley
FREDERIK A. DE WOLFF, Leiden University Medical Center, Leiden, Netherlands

Staff

KULBIR S. BAKSHI, Project Director

RUTH E. CROSSGROVE, Senior Editor

AIDA C. NEEL, Program Associate

MIRSADA KARALIC-LONCAREVIC, Research Associate
RADIAH A. ROSE, Senior Editorial Assistant

Sponsors

U.S. Department of Defense
U.S. Environmental Protection Agency



COMMITTEE ON TOXICOLOGY

Members

WILLIAM E. HALPERIN (Chair), New Jersey Medical School, Newark
LAWRENCE S. BETTS, Eastern Virginia Medical School, Norfolk

EDWARD C. BISHOP, HDR Engineering, Inc., Omaha, NE

JAMES V. BRUCKNER, University of Georgia, Athens

GARY P. CARLSON, Purdue University, West Lafayette, IN

JANICE E. CHAMBERS, Mississippi State University, Mississippi State
MARION EHRICH, College of Veterinary Medicine, Blacksburg, VA

SIDNEY GREEN, Howard University, Washington, DC

MERYL KAROL, University of Pittsburgh, Pittsburgh, PA

JAMES MCDOUGAL, Wright State University School of Medicine, Dayton, OH
ROGER MCINTOSH, Science Applications International Corporation, Abingdon, MD
GERALD N. WOGAN, Massachusetts Institute of Technology, Cambridge

Staff

KULBIR S. BAKSHI, Senior Program Officer for Toxicology
EILEEN N. ABT, Senior Program Officer for Risk Analysis
ELLEN K. MANTUS, Senior Program Officer

SUSAN N. J. MARTEL, Senior Program Officer

JENNIFER SAUNDERS, Associate Program Officer

AIDA NEEL, Program Associate

MIRSADA KARALIC-LONCAREVIC, Research Associate
TAMARA DAWSON, Senior Program Assistant

RADIAH A. ROSE, Senior Editorial Assistant

Vi



BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY'
Members

JONATHAN M. SAMET (Chair), Johns Hopkins University, Baltimore, MD
RAMON ALVAREZ, Environmental Defense, Austin, TX

JOHN M. BALBUS, Environmental Defense, Washington, DC

DALLAS BURTRAW, Resources for the Future, Washington, DC

JAMES S. BUs, Dow Chemical Company, Midland, MI

COSTEL D. DENSON, University of Delaware, Newark

E. DONALD ELLIOTT, Willkie Farr & Gallagher LLP, Washington, DC
MARY R. ENGLISH, University of Tennessee, Knoxville

J. PAUL GILMAN, Oak Ridge Center for Advanced Studies, Oak Ridge, TN
SHERRI W. GOODMAN, Center for Naval Analyses, Alexandria, VA
JUDITH A. GRAHAM, American Chemistry Council, Arlington, VA
WILLIAM P. HORN, Birch, Horton, Bittner and Cherot, Washington, DC
JAMES H. JOHNSON JR., Howard University, Washington, DC

WILLIAM M. LEWIS, JR., University of Colorado, Boulder

JUDITH L. MEYER, University of Georgia, Athens

DENNIS D. MURPHY, University of Nevada, Reno

PATRICK Y. O’BRIEN, ChevronTexaco Energy Technology Company, Richmond, CA
DOROTHY E. PATTON (retired), Chicago, IL

DANNY D. REIBLE, University of Texas, Austin

JOSEPH V. RODRICKS, ENVIRON International Corporation, Arlington, VA
ARMISTEAD G. RUSSELL, Georgia Institute of Technology, Atlanta
ROBERT F. SAWYER, University of California, Berkeley

LISA SPEER, Natural Resources Defense Council, New York, NY
KIMBERLY M. THOMPSON, Massachusetts Institute of Technology, Cambridge
MONICA G. TURNER, University of Wisconsin, Madison

MARK J. UTELL, University of Rochester Medical Center, Rochester, NY
CHRIS G. WHIPPLE, ENVIRON International Corporation, Emeryville, CA
LAUREN ZEISE, California Environmental Protection Agency, Oakland

Senior Staff

JAMES J. REISA, Director

DAVID J. POLICANSKY, Scholar

RAYMOND A. WASSEL, Senior Program Officer for Environmental Sciences and Engineering
KULBIR BAKSHI, Senior Program Officer for Toxicology
EILEEN N. ABT, Senior Program Officer for Risk Analysis

KARL E. GUSTAVSON, Senior Program Officer

K. JOHN HOLMES, Senior Program Officer

ELLEN K. MANTUS, Senior Program Officer

SUSAN N.J. MARTEL, Senior Program Officer

SUZANNE VAN DRUNICK, Senior Program Officer

STEVEN K. GIBB, Program Officer for Strategic Communications
RUTH E. CROSSGROVE, Senior Editor

'This study was planned, overseen, and supported by the Board on Environmental Studies
and Toxicology.

Vil



OTHER REPORTS OF THE
BOARD ON ENVIRONMENTAL STUDIES AND TOXICOLOGY

Assessing the Human Health Risks of Trichloroethylene: Key Scientific Issues (2006)

New Source Review for Stationary Sources of Air Pollution (2006)

Human Biomonitoring for Environmental Chemicals (2006)

Health Risks from Dioxin and Related Compounds: Evaluation of the EPA Reassessment
(2006)

Fluoride in Drinking Water: A Scientific Review of EPA’s Standards (2006)

State and Federal Standards for Mobile-Source Emissions (2006)

Superfund and Mining Megasites—Lessons from the Coeur d’Alene River Basin (2005)

Health Implications of Perchlorate Ingestion (2005)

Air Quality Management in the United States (2004)

Endangered and Threatened Species of the Platte River (2004)

Atlantic Salmon in Maine (2004)

Endangered and Threatened Fishes in the Klamath River Basin (2004)

Cumulative Environmental Effects of Alaska North Slope Oil and Gas Development (2003)

Estimating the Public Health Benefits of Proposed Air Pollution Regulations (2002)

Biosolids Applied to Land: Advancing Standards and Practices (2002)

The Airliner Cabin Environment and Health of Passengers and Crew (2002)

Arsenic in Drinking Water: 2001 Update (2001)

Evaluating Vehicle Emissions Inspection and Maintenance Programs (2001)

Compensating for Wetland Losses Under the Clean Water Act (2001)

A Risk-Management Strategy for PCB-Contaminated Sediments (2001)

Acute Exposure Guideline Levels for Selected Airborne Chemicals (4 volumes, 2000-2004)

Toxicological Effects of Methylmercury (2000)

Strengthening Science at the U.S. Environmental Protection Agency (2000)

Scientific Frontiers in Developmental Toxicology and Risk Assessment (2000)

Ecological Indicators for the Nation (2000)

Waste Incineration and Public Health (1999)

Hormonally Active Agents in the Environment (1999)

Research Priorities for Airborne Particulate Matter (4 volumes, 1998-2004)

The National Research Council’s Committee on Toxicology: The First 50 Years (1997)

Carcinogens and Anticarcinogens in the Human Diet (1996)

Upstream: Salmon and Society in the Pacific Northwest (1996)

Science and the Endangered Species Act (1995)

Wetlands: Characteristics and Boundaries (1995)

Biologic Markers (5 volumes, 1989-1995)

Review of EPA's Environmental Monitoring and Assessment Program (3 volumes, 1994-1995)

Science and Judgment in Risk Assessment (1994)

Pesticides in the Diets of Infants and Children (1993)

Dolphins and the Tuna Industry (1992)

Science and the National Parks (1992)

Human Exposure Assessment for Airborne Pollutants (1991)

Rethinking the Ozone Problem in Urban and Regional Air Pollution (1991)

Decline of the Sea Turtles (1990)

Copies of these reports may be ordered from the National Academies Press
(800) 624-6242 or (202) 334-3313
www.nap.edu

Viil



OTHER REPORTS OF THE COMMITTEE ON TOXICOLOGY

Review of the Department of Defense Research Program on Low-Level Exposures to
Chemical Warfare Agents (2005)

Review of the Army's Technical Guides on Assessing and Managing Chemical Hazards to
Deployed Personnel (2004)

Emergency and Continuous Exposure Guidance Levels for Selected Submarine Contaminants,
Volume 1 (2004)

Spacecraft Water Exposure Guidelines for Selected Contaminants, Volume 1 (2004)

Toxicologic Assessment of Jet-Propulsion Fuel 8 (2003)

Review of Submarine Escape Action Levels for Selected Chemicals (2002)

Standing Operating Procedures for Developing Acute Exposure Guideline Levels for
Hazardous Chemicals (2001)

Evaluating Chemical and Other Agent Exposures for Reproductive and Developmental
Toxicity (2001)

Acute Exposure Guideline Levels for Selected Airborne Contaminants, Volume 1 (2000),
Volume 2 (2002), Volume 3 (2003), Volume 4 (2004)

Review of the US Navy’s Human Health Risk Assessment of the Naval Air Facility at Atsugi,
Japan (2000)

Methods for Developing Spacecraft Water Exposure Guidelines (2000)

Review of the U.S. Navy Environmental Health Center’s Health-Hazard Assessment Process
(2000)

Review of the U.S. Navy’s Exposure Standard for Manufactured Vitreous Fibers (2000)

Re-Evaluation of Drinking-Water Guidelines for Diisopropyl Methylphosphonate (2000)

Submarine Exposure Guidance Levels for Selected Hydrofluorocarbons: HFC-236fa,
HFC-23, and HFC-404a (2000)

Review of the U.S. Army’s Health Risk Assessments for Oral Exposure to Six Chemical-
Warfare Agents (1999)

Toxicity of Military Smokes and Obscurants, Volume 1(1997), Volume 2 (1999),
Volume 3 (1999)

Assessment of Exposure-Response Functions for Rocket-Emission Toxicants (1998)

Toxicity of Alternatives to Chlorofluorocarbons: HFC-134a and HCFC-123 (1996)

Permissible Exposure Levels for Selected Military Fuel Vapors (1996)

Spacecraft Maximum Allowable Concentrations for Selected Airborne Contaminants, Volume
1 (1994), Volume 2 (1996), Volume 3 (1996), Volume 4 (2000)

Copies of these reports may be ordered from the National Academies Press
(800) 624-6242 or (202) 334-3313
www.nap.edu

ix



Preface

Extremely hazardous substances (EHSs)' can be released acciden-
tally as a result of chemical spills, industrial explosions, fires, or acci-
dents involving railroad cars and trucks transporting EHSs. Workers and
residents in communities surrounding industrial facilities where EHSs
are manufactured, used, or stored and in communities along the nation’s
railways and highways are potentially at risk of being exposed to air-
borne EHSs during accidental releases or intentional releases by terror-
ists. 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 and the Agency for Toxic Substances and Disease Registry
(ATSDR) in 1991 requested that the National Research Council (NRC)
develop guidelines for establishing such levels. In response to that re-
quest, the NRC published Guidelines for Developing Community Emer-
gency 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—consisting of members from EPA, the Department of De-
fense (DOD), the Department of Energy (DOE), the Department of
Transportation, other federal and state governments, the chemical indus-

'As defined pursuant to the Superfund Amendments and Reauthorization Act
of 1986.
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try, academia, and other organizations from the private sector—has de-
veloped acute exposure guideline levels (AEGLs) for approximately 185
EHS:s.

In 1998, EPA and DOD requested that the NRC independently re-
view the AEGLs developed by NAC. In response to that request, the
NRC organized within its Committee on Toxicology the Committee on
Acute Exposure Guideline Levels, which prepared this report. This re-
port is the fifth volume in the series Acute Exposure Guideline Levels for
Selected Airborne Chemicals. It reviews the AEGLs for chlorine dioxide,
chlorine trifluoride, cyclohexylamine, ethylenediamine, hydrofluoro-
ether-7100 (HFE-7100), and tetranitromethane for scientific accuracy,
completeness, and consistency with the NRC guideline reports.

This report was reviewed in draft by individuals selected for their
diverse perspectives and technical expertise, in accordance with proce-
dures approved by the NRC's Report Review Committee. The purpose of
this independent review is to provide candid and critical comments that
will assist the institution in making its published report as sound as pos-
sible and to ensure that the report meets institutional standards for objec-
tivity, evidence, and responsiveness to the study charge. The review
comments and draft manuscript remain confidential to protect the integ-
rity of the deliberative process. We wish to thank the following individu-
als for their review of this report: Sidney Green, Jr., Howard University;
Loren Koller, Independent Consultant; Ramesh Gupta, Murray State
University; Harihara Mehendale, University of Louisana at Monroe; and
Deepak Bhalla, Wayne State University.

Although the reviewers listed above have provided many construc-
tive comments and suggestions, they were not asked to endorse the con-
clusions or recommendations nor did they see the final draft of the report
before its release. The review of this report was overseen by Robert
Goyer, University of Western Ontario, 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 accordance
with institutional procedures and that all review comments were care-
fully considered. Responsibility for the final content of this report rests
entirely with the authoring committee and the institution.

The committee gratefully acknowledges the valuable assistance
provided by the following persons: Ernest Falke, Marquea D. King, Iris
A. Camacho, and Paul Tobin (all from EPA); George Rusch (Honeywell,
Inc.); Cheryl Bast, Sylvia Talmage, Robert Young, and Sylvia Milanez
(all from Oak Ridge National Laboratory), Aida Neel (project associate),
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and Radiah Rose (senior editorial assistant). We are grateful to James J.
Reisa, director of the Board on Environmental Studies and Toxicology
(BEST), for his helpful comments. The committee particularly acknowl-
edges Kulbir Bakshi, project director for the committee, for bringing the
report to completion. Finally, we would like to thank all members of the
committee for their expertise and dedicated effort throughout the devel-
opment of this report.

Donald E. Gardner, Chair
Committee on Acute Exposure
Guideline Levels

William E. Halperin, Chair
Committee on Toxicology
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Introduction

This report is the fifth volume in the series Acute Exposure Guide-
line 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 chemicals 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 attention on the need for governments to
identify hazardous substances and to assist local communities in plan-
ning how to deal with emergency exposures.

In the United States, the Superfund Amendments and Reauthoriza-
tion Act (SARA) of 1986 required that the U.S. Environmental Protec-
tion 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 Com-
mittees (LEPCs) by providing guidance for conducting health-hazard
assessments for the development of emergency-response plans for sites
where EHSs are produced, stored, transported, or used. SARA also re-
quired that the Agency for Toxic Substances and Disease Registry
(ATSDR) determine whether chemical substances identified at hazardous
waste sites or in the environment present a public-health concern.

As a first step in assisting the LEPCs, EPA identified approxi-
mately 400 EHSs largely on the basis of their immediately dangerous to
life and health (IDLH) values developed by the National Institute for Oc-
cupational Safety and Health (NIOSH) in experimental animals. Al-
though 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 expo-
sure limits for some substances and some exposures (e.g., workplace or

1



2 Acute Exposure Guideline Levels

ambient air quality), these limits are not easily or directly translated into
emergency exposure limits for exposures at high levels but of short dura-
tion, usually less than 1 h, and only once in a lifetime for the general
population, which includes infants (from birth to 3 years of age), chil-
dren, the elderly, and persons with diseases, such as asthma, or heart dis-
ease.

The National Research Council (NRC) Committee on Toxicology
(COT) has published many reports on emergency exposure guidance lev-
els and spacecraft maximum allowable concentrations for chemicals used
by the Department of Defense (DOD) and the National Aeronautics and
Space Administration (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 mili-
tary personnel and for astronauts (NRC 1986b, 1992). Because of COT’s
experience in recommending emergency exposure levels for short-term
exposures, in 1991 EPA and ATSDR requested that COT develop crite-
ria and methods for developing emergency exposure levels for EHSs for
the general population. In response to that request, the NRC assigned
this project to the COT Subcommittee on Guidelines for Developing
Community Emergency Exposure Levels for Hazardous Substances. The
report of that subcommittee, Guidelines for Developing Community
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 avail-
able, how to evaluate the data, and how to present the results.

In November 1995, the National Advisory Committee for Acute
Exposure Guideline Levels for Hazardous Substances (NAC)' was es-
tablished to identify, 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 applica-
tion of these values to planning, response, and prevention in the commu-
nity, 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 9.
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AEGLs represent threshold exposure limits (exposure levels below
which adverse health effects are not likely to occur) for the general pub-
lic, including susceptible subpopulations and are applicable to emer-
gency exposures ranging from 10 min to 8 h. Three levels—AEGL-1,
AEGL-2, and AEGL-3—are developed for each of five exposure periods
(10 min, 30 min, 1 h, 4 h, and 8 h) and are distinguished by varying de-
grees of severity of toxic effects. The three AEGLs are defined as fol-
lows:

AEGL-1 is the airborne concentration (expressed as ppm [parts per
million] or mg/m3 [milligrams per cubic meter]) of a substance above
which it is predicted that the general population, including susceptible
individuals, could experience notable discomfort, irritation, or certain
asymptomatic non-sensory 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/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible individuals, could experience irreversible or
other serious, long-lasting adverse health effects or an impaired ability to
escape.

AEGL-3 is the airborne concentration (expressed as ppm or
mg/m3) of a substance above which it is predicted that the general popu-
lation, including susceptible individuals, could experience life-
threatening adverse 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 effects described for each corresponding
AEGL. Although the AEGL values represent threshold levels for the
general public, including susceptible subpopulations, such as infants,
pregnant women, children, the elderly, persons with asthma, and those
with other illnesses, it is recognized that individuals, subject to unique or
idiosyncratic responses, could experience the effects described at con-
centrations below the corresponding AEGL.

SUMMARY OF REPORT ON
GUIDELINES FOR DEVELOPING AEGLS

As described in the Guidelines for Developing Community Emer-
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gency Exposure Levels for Hazardous Substances (NRC 1993) and the
NAC guidelines report Standing Operating Procedures on Acute Expo-
sure 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 unpublished information available on a chemical.
Various types of evidence are assessed in establishing AEGL values for a
chemical. These include information from (1) chemical-physical charac-
terizations, (2) structure-activity relationships, (3) in vitro toxicity stud-
ies, (4) animal toxicity studies, (5) controlled human studies, (6) observa-
tions of humans involved in chemical accidents, 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 vi-
tro studies. Toxicity data from inhalation exposures are most useful for
setting AEGLs 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 humans. Such extrapolation requires experienced scientific
judgment. The toxicity 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 spe-
cies are used to set AEGLs. Uncertainty factors are commonly used
when animal data are used to estimate risk levels for humans. The mag-
nitude 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, pharma-
cokinetic data on tissue doses are considered for interspecies extrapola-
tion.

For substances that affect several organ systems or have multiple
effects, all end points, including reproductive (in both genders), devel-
opmental, neurotoxic, respiratory, and other organ-related effects, are
evaluated, the most important or most sensitive effect receiving the
greatest attention. For carcinogenic chemicals, excess carcinogenic risk
is estimated, and the AEGLs corresponding to carcinogenic risks of 1 in
10,000 (1 x 10-4), 1 in 100,000 (1 x 10-5), and 1 in 1,000,000 (1 x 10-6)
exposed persons are estimated.
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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 scientific validity, completeness, and consistency with the NRC
guideline reports (NRC 1993; NRC, 2001). The NRC assigned this pro-
ject to the COT Committee on Acute Exposure Guideline Levels. The
committee has expertise in toxicology, epidemiology, occupational
health, pharmacology, medicine, pharmacokinetics, industrial hygiene,
and risk assessment.

The AEGL draft reports are initially prepared by ad hoc AEGL De-
velopment Teams consisting of a chemical manager, two chemical re-
viewers, and a staff scientist of the NAC contractor—OQOak Ridge Na-
tional Laboratory. The draft documents are then reviewed by NAC and
elevated from “draft” to “proposed” 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 Committee on Acute Exposure Guideline Levels for final
evaluation.

The NRC committee’s review of the AEGL reports prepared by
NAC and its contractors involves oral and written presentations to the
committee by the authors of the reports. The NRC committee 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 committee
is satisfied with the reviews.

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

Thus far, the committee has prepared four reports in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals
(NRC 2000, 2002, 2003, 2004). This report is the fifth volume in that
series. AEGL documents for chlorine dioxide, chlorine trifluoride,
cyclohexylamine, ethylenediamine, hydrofluoroether (HFE 7100), and
tetranitromethane are published as an appendix to this report. The com-
mittee concludes that the AEGLs developed in those documents are sci-
entifically valid conclusions based on the data reviewed by NAC and are
consistent with the NRC guideline reports (NRC 1993, NRC 2001).
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AEGL reports for additional chemicals will be presented in subsequent
volumes.
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Chlorine Trifluoride'

Acute Exposure Guideline Levels

SUMMARY

Chlorine trifluoride (CIF;) is a greenish-yellow liquid at tempera-
tures <11.7°C and a colorless gas with a sweet, suffocating odor at
higher temperatures. While it is not flammable, CIF; is an extremely re-
active and corrosive oxidizing agent that is used in nuclear reactor fuel
processing; as a fluorinating agent; as an incendiary, igniter and propel-
lant for rockets; and as a pyrolysis inhibitor for fluorocarbon polymers.
It is unstable in air and rapidly hydrolyzes to hydrogen fluoride (HF) and
a number of chlorine-containing compounds including chlorine dioxide

'"This document was prepared by the AEGL Development Team composed of
Sylvia Talmage (Oak Ridge National Laboratory) and the National Advisory
Committee (NAC) on Acute Exposure Guideline Levels for Hazardous
Substances members Kyle Blackman (Chemical Manager) and Robert Benson,
Nancy Kim, and Mark McClanahan (Chemical Reviewers). The NAC reviewed
and revised the document and AEGLs as deemed necessary. Both the document
and the AEGL values were then reviewed by the National Research Council
(NRC) Subcommittee on Acute Exposure Guideline Levels. The NRC
subcommittee concludes that the AEGLs 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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(Cl0,). The toxic effects of CIF; are due, at least in part, to the actions of
HF and Cl0O,.

Chlorine trifluoride is a potent, rapidly-acting mucous membrane
irritant. Skin and eye contact with CIF; produces burns and inhalation
causes acute pulmonary irritation and edema. Inhalation studies with the
monkey, dog, rat, and mouse for several end points and exposure dura-
tions have been performed. Data on irritant effects were available for the
dog and rat; data on sublethal and lethal concentrations were available
for the monkey, rat, and mouse. One report of a very brief (1-2 min) hu-
man exposure was located, but no data on exposure concentrations were
available. The data were considered adequate for derivation of the three
AEGL classifications for five exposure periods. Regression analyses of
the reported concentration-exposure durations for lethality for the animal
species determined that the relationship between concentration and time
isC”xt=*t.

The AEGL-1 was based on slight irritation as evidenced by rhinor-
rhea (nasal discharge) observed in two of two dogs during the first 3 h of
a 6-h exposure to an average concentration of 1.17 ppm (Horn and Weir
1956). Nasal discharge in response to an irritant gas in the sensitive nose
of dogs was considered a NOAEL for the AEGL-1. No signs were ob-
served in 20 rats exposed to this concentration for 6 h. Exposure of the
dogs for longer than 3 h resulted in obvious lacrimation. Repeated, daily
exposures of rats and dogs to 1.17 ppm resulted in severe signs of irrita-
tion. The rhinorrhea in dogs exposed for 3 h was considered an appropri-
ate end point for development of the AEGL-1. Exposure to 1.17 ppm for
3 h was extrapolated using a combined interspecies and intraspecies un-
certainty factor of 10 (3 for interspecies differences [the dog was more
sensitive than the rat] and 3 for intraspecies differences in sensitivity
[slight irritation should occur at a similar level among the general popu-
lation]). Time-scaling was not applied to the AEGL-1 as adaptation to
slight sensory irritation occurs. Therefore, the calculated value of 0.12
ppm was adopted for all AEGL-1 time points. The 0.12 ppm value is
similar to the ClO, AEGL-1 of 0.15 ppm and is one-eighth of the HF
AEGL-1 value of 1.0 ppm. Application of an intraspecies factor of 3 is
sufficient, since application of a larger factor would result in AEGL-1
values that are not consistent with those of ClO, and HF, two of the ma-
jor decomposition products of CIF; (breakdown of one mole of CIF; po-
tentially forms three moles of HF and one mole of ClO,).

The AEGL-2 was based on signs of irritation (salivation, lacrima-
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tion, rhinorrhea, and blinking of the eyes) in two of two dogs exposed to
a concentration of 5.15 ppm for 6 h (Horn and Weir 1955). These effects
were reversible by the end of the first exposure day (i.e. dogs “did not
appear markedly affected”), and therefore, were not considered an im-
pairment to the ability to escape. Twenty rats exposed to this concentra-
tion for 6 h appeared unaffected. However, repeated daily exposures of
rats and dogs to this concentration resulted in increasingly severe signs
of irritation. The 6-h concentration of 5.15 ppm was divided by a com-
bined interspecies and intraspecies uncertainty factor of 10 (3 for inter-
species differences as the dog was more sensitive than the rat and 3 for
intraspecies differences). The resulting value of 0.52 ppm was scaled
across time using C" x ¢ = k, where n = 1.3; this concentration-exposure
duration relationship was determined from several lethality studies (Ap-
pendix A). Because time-scaling data were available over the exposure
duration of 13.5 to 222 min, the 10-min AEGL-2 was not set equal to the
30-min value as is usually done when the exposure duration of the key
study is greater than 4 h. An intraspecies uncertainty factor of 3 is suffi-
cient as these AEGL-2 values are considerably lower than those of HF
(10- and 30-min and 1-, 4-, and 8-h values of 95, 34, 24, 12, and 12 ppm,
respectively) and similar to the longer-term AEGL-2 values for ClO,.
The 10- and 30 min AEGL-2 values for CIF; (8.1 and 3.5 ppm) are
higher than those of CIO, (both 1.4 ppm) because information was avail-
able for time-scaling CIF; values, whereas, in the absence of time-scaling
information, the conservative value of n = 3 was used for scaling to the
shorter time periods for ClO,.

Lethality data (1 h LCso values) were available for the monkey, rat,
and mouse. Based on similar respiratory rates, gross respiratory tract
anatomy, amount and distribution of types of respiratory epithelium, and
airflow patterns, the monkey was considered the most appropriate model
for deposition of CIF; and its decomposition products in the human respi-
ratory tract. The AEGL-3 values were based on the highest 1 h concen-
tration that resulted in no deaths in monkeys (MacEwen and Vernot
1970). This concentration, 127 ppm, was divided by interspecies and in-
traspecies uncertainty factors of 2 and 3, respectively (for a total of 6),
and scaled across time using the C'? x ¢ = k relationship. This time-
scaling relationship was determined from several lethality studies (Ap-
pendix A). The interspecies uncertainty factor of 2 was considered ap-
propriate as LCs, values were similar in three species and the monkey is
an appropriate model for humans. A smaller interspecies uncertainty fac-
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tor would result in values that are inconsistent with the HF values. The
intraspecies uncertainty factor of 3 was considered appropriate because
chlorine trifluoride is a direct-acting irritant and differences among indi-
viduals should not differ greatly. In cases where animals died, death was
due to massive lung hemorrhaging. Applying the same procedures to the
calculated 1 h LCy; from the mouse data (135 ppm) results in similar val-
ues. The 8-h AEGL-3 value was set equal to the 4-h value because the
time-scaled 8 h value of 4.3 ppm is inconsistent with the experimental
data. Dogs exposed to 21 ppm for two days did not die during the follow-
ing month of observation, and dogs and rats tolerated repeated 6 h expo-
sures to 5.15 ppm for several weeks before the first death was recorded
(Horn and Weir 1955).
The values appear in Table 2-1.

INTRODUCTION

Chlorine trifluoride (CIF;) is a colorless, corrosive gas at ambient
temperature and pressure. It is one of the most reactive of the halogen

TABLE 2-1 Summary of AEGL Values for Chlorine Trifluoride

End point
Classification 10 min 30 min 1h 4h 8h (Reference)
AEGL-1 0.12 0.12 0.12 0.12 0.12 Slight irri-
(Nondisabling) ppm ppm ppm ppm ppm tation - dog

(0.46 (0.46 (0.46 (0.46 (0.46 (Horn and
mg/m”) mg/m?) mg/m®)  mg/m®) mgm’)  Weir 1956)

AEGL-2 8lppm 35ppm 20ppm 0.70 0.41 Threshold,
(Disabling) (31 (13 (7.6 ppm ppm impaired
mg/m?) mg/m’) mgm’) (2.7 (1.6 ability to
mg/m®) mg/m®)  escape -
dog (Horn
and Weir
1955)
AEGL-3 84 ppm 36ppm 21ppm 73 ppm 73 ppm  Threshold
(Lethal) (320 (140 (80 (28 (28 for lethality
mg/m°) mg/m’) mg/m’) mgm’) mgm’) - monkey
(MacEwen
and Vernot

1970)
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fluorides; it is a powerful oxidizing agent that reacts violently with water
and may explode on contact with organic materials (Matheson 1980;
O’Neil et al. 2001). Chemical and physical properties are listed in Table
2-2. In the vapor phase, CIF; is unstable and decomposes by hydrolysis
to a variety of substances including CIOF (the initial product), CIF,
CIO,F, CIO;F, ClO,, Cl,, and HF; the proportion of products depends on
the availability of water (Bougon et al. 1967; Cooper et al. 1972; Dost et
al. 1974). Increased humidity increases the rate of decomposition
(MacEwen and Vernot 1970).

Chlorine trifluoride has been used in nuclear reactor fuel processing
(to convert uranium to gaseous uranium hexafluoride), as a fluorinating
agent, as an incendiary, igniter and propellant for rockets, and as a pyro-
lysis inhibitor for fluorocarbon polymers (O’Neil et al. 2001). It is

TABLE 2-2 Chemical and Physical Data

Parameter Value Reference

Synonyms Chlorine fluoride HSDB 2005
chlorotrifluoride

Molecular formula CIF; O’Neil et al. 2001

Molecular weight 92.45 O’Neil et al. 2001

CAS Registry Number 7790-91-2 HSDB 2005

Physical description

Solubility in water

Vapor pressure

Vapor density (air = 1)
Liquid density (water =
1)

Melting point

Boiling point
Flammability

Conversion factors

Colorless (gas)
greenish-yellow (liquid)
white (solid)

Violent hydrolysis with
water

1064 mm Hg at 20°C
3.21 at 20°C

1.9 kg/L at 0°C

—76.34°C
11.75°C

Not flammable, but may
cause fire in contact with
some materials

1 ppm = 3.85 mg/m’
1 mg/m’® = 0.26 ppm

O’Neil et al. 2001

O’Neil et al. 2001

Matheson 1980
Matheson 1980
Matheson 1980

O’Neil et al. 2001
O’Neil et al. 2001
U.S. DOT 1985

AIHA 2004
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used as a chlorine/fluorine source for plasma etching in the semiconduc-
tor industry and for in-situ cleaning of chemical vapor deposition reac-
tors (BOC Group 1997). It is produced commercially by the continuous
gas-phase reaction of chlorine and fluorine in a nickel reactor at 290°C.
In 1993, U.S. production was estimated at several metric tons per year
with most of the product used in nuclear fuel processing. It is shipped as
a liquified compressed gas in steel cylinders in quantities of 82
kg/cylinder or less (Bailey and Woytek 1994). The BOC Group (1997)
ships cylinders containing either 13 or 26 pounds.

Chlorine trifluoride is a potent, rapidly-acting mucous membrane
irritant. Contact with the skin and eyes produces burns and inhalation
causes pulmonary irritation and edema (Teitelbaum 2001). No data on
human exposures to measured concentrations were found. Inhalation
studies for several exposure durations with the monkey, dog, rat, and
mouse were located. Because of the reactive nature of CIF;, difficulty in
generating and monitoring the compound was encountered in some of the
studies (Horn and Weir 1955; Dost et al. 1974).

2. HUMAN DATA
2.1. Acute Lethality

Deichmann and Gerarde (1969) concluded that exposure to 50 ppm
may be fatal within 30 min to 2 h. No further details were given, and nei-
ther the source nor the basis of that conclusion was cited.

2.2. Nonlethal Toxicity

Although an odor threshold was not located, Teitelbaum (2001)
states that the pungent odor and irritation associated with CIF; are detect-
able at such a low concentration that exposed individuals would escape
before experiencing severe effects. The odor has been described as sweet
and suffocating (O’Neil et al. 2001). Signs experienced by a worker ex-
posed to an unknown concentration for 1-2 min included headache, ab-
dominal pain, and dyspnea that lasted about 2 h (Longley et al. 1965). No
systemic or local effects were found. Except for fatigue (duration not
given), there were no apparent sequelae.
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2.3. Developmental/Reproductive Effects

No data concerning potential developmental or reproductive toxic-
ity of CIF; in humans were identified.

2.4. Genotoxicity

No data concerning the genotoxicity of CIF; in humans were identi-
fied.

2.5. Carcinogenicity

No data concerning the potential carcinogenicity of CIF; in humans
were identified.

2.6. Summary

No studies of developmental or reproductive toxicity, genotoxicity,
or carcinogenicity of CIF; in humans were located. Exposure to suffi-
ciently high CIF; concentrations may cause skin and mucous membrane
irritation (Teitelbaum 2001) as well as headache, abdominal pain, and
dyspnea (Longley et al. 1965). Deichmann and Gerarde (1969) report
that 50 ppm may be fatal within 30 min to 2 h, but neither the source nor
basis of that conclusion was cited.

3. ANIMAL TOXICITY DATA
3.1. Acute Toxicity

Acute toxicity data, available for the monkey, dog, rat, and mouse,
are summarized in Table 2-3 and discussed below. Longer-term studies
using dogs and rats described irritant effects during the first day of expo-
sure. It should be noted that in the 2-day and longer-term studies reported
by Horn and Weir (1955, 1956), groups of 2 dogs and 20 rats were ex-
posed at the same time, presumably in the same 500-liter exposure
chamber.
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3.1.1. Nonhuman Primates

Groups of four Rhesus monkeys of both sexes inhaled 0, 127, 150,
200, 300, or 400 ppm for 1 h (MacEwen and Vernot 1970). Concentra-
tions were measured based on the reaction of CIF; or its decomposition
products with dimethylamine. Measurements showed that concentrations
of CIF; were stable in the test chamber. Observations were made during
exposure and continued 14 days post-exposure. Signs observed in ex-
posed animals included sneezing, coughing, and gagging. Animals ex-
posed to lethal concentrations (150 ppm) demonstrated general paresis,
labored breathing, and cyanosis prior to coma and death. Massive alveo-
lar and interstitial hemorrhages involving the entire lungs were present in
all animals that died. Most of the deaths occurred 2 to 3 h after the cessa-
tion of exposure. Animals were cyanotic, but no methemoglobin was
formed during these exposures. Mortality ratios were 0/4, 2/4, 1/4, 2/4,
and 4/4 animals at the 127, 150, 200, 300, and 400 ppm concentrations,
respectively. The 1-h LCsy was 230 ppm. Pulmonary congestion, edema,
hemorrhage, and emphysema were observed in surviving monkeys at 14
days post-exposure. No differences in clinical chemistry parameters were
found between exposed and control animals.

3.1.2. Dogs

Two dogs were exposed to 21 ppm for 6 h/day for two days (Horn
and Weir 1955). Shortly after exposure was initiated, lacrimation, cough,
rhinorrhea, rapid respiration and salivation were observed. Rhinorrhea
and lacrimation were observed approximately 10 min after the exposure
was initiated. The dogs became nauseated, coughed up a small quantity
of mucoid material, and had rapid respiration and salivation. The eyes
were extremely irritated by the end of the exposure and the hair had a
“singed feel.” The morning after the first exposure the animals appeared
essentially normal with the exception of inflamed eyes. During the sec-
ond day of exposure, the study was terminated due to equipment failure
which resulted in a concentration considerably higher than 21 ppm. Cor-
neal ulcers and a burn in the vicinity of the nose developed following the
exposures. No deaths were reported during the following month of ob-
servation

Two male dogs were exposed to 5.15 ppm for 6 h/day, 5 days/week
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for 6 weeks (Horn and Weir 1955). Signs of exposure occurred during
the first day and included salivation, lacrimation, and rhinorrhea; cough-
ing and sneezing were also noted. However, by the end of the first day of
exposure, the dogs “did not appear markedly affected.” Respiratory dis-
tress was evident at the midpoint of the study, and the dogs died on days
17 and 26. The authors experienced difficulty in maintaining constant
concentrations in the exposure chambers, and during the exposures, con-
centrations of one-half to two times the average value were recorded.

Two dogs were exposed to an average concentration of 1.17 ppm
for 6 h/day, 5 days/week for 6 months (Horn and Weir 1956). During the
carly part of the study, signs of irritation included rhinorrhea, usually
within 45 min of exposure, and obvious lacrimation after 3 hs of expo-
sure. All animals developed a "singed feel" of the hair following the first
exposure. The animals appeared normal by the following morning. By
the 28th day, the dogs were coughing up bloody mucoid material and
showed signs of blinking of the eyes and a change in respiratory pattern
at the beginning of each exposure. After more than 60 days (42 expo-
sures) the dogs began showing signs of pneumonia. Penicillin was ad-
ministered, but one dog died on the 115th day of the study (during the
82nd exposure). The other dog was sacrificed at the termination of the
experiment. Examination of the lungs revealed purulent bronchitis and
pulmonary abscesses in the dog that died and alveolar hemorrhage, inter-
stitial edema, and irritation in the surviving dog.

3.1.3. Rats

Groups of 4-10 male Sprague-Dawley rats inhaled 400 ppm for 20,
25, 30, 35, or 40 min or 800 ppm for 10, 13, 15, 20, 25, or 30 min (Dost
et al. 1974). Gas flow rates were measured with mass flow meters; expo-
sure chamber CIF; concentrations were verified by infrared spectral
analysis. Rats began preening at initiation of CIF; exposure, and expo-
sures produced severe inflammation of all exposed mucosal surfaces.
Time-respective mortalities for the 400 ppm exposure were: 0/8, 0/4, 4/6,
7/8, and 8/8. Time-respective mortalities for the 800 ppm concentration
were: 0/10, 1/8, 10/10, 8/8, 6/6, and 4/4. LCs, values were not calculated
by the authors.

The authors found that prolonged exposures or high CIF; concen-
trations caused burning of the exposed skin, and the hair became brittle
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and yellowed. Corneal ulceration was a frequent occurrence. Respiration
became shallow without an appreciable increase in rate. Exposures to
400 ppm for, 30 min or 800 ppm for, 15 min were lethal. Deaths occurred
within 3 h of exposure. Although the post-exposure observation period
was not given in terms of days, the authors stated that "rats that survived
4 h after exposure to CIF; in air were able to survive the primary inhala-
tion injury indefinitely, with minimal after care."

Groups of 20 rats (sex and strain not stated) were exposed to 96 or
480 ppm under conditions of continuous exposure until all animals were
dead (Horn and Weir 1955). Chlorine trifluoride was measured by draw-
ing a known quantity of the chamber atmosphere through sodium hy-
droxide solution and then analyzing for chloride. Deaths were concentra-
tion-related as mortalities were 50 and 80% after 3.7 and 4.5 h, respec-
tively, at a concentration of 96 ppm. Exposure to 480 ppm killed 50 and
100% after 40 and 70 min, respectively (Table 2-3). Excessive preening,
deep gasping respiration, rhinorrhea, salivation, and lacrimation occurred
soon after the exposures began. Marked eye irritation, corneal damage,
and singed hair were observed. The authors noted the corrosive effect of
the gas on the equipment; deviations from the measured concentrations
of one-half to two times the average value occurred.

Groups of 8 male Wistar rats inhaled 200 or 400 ppm for 1 h
(MacEwen and Vernot 1970; Vernot et al. 1977). Although both publica-
tions described the same study, MacEwen and Vernot (1970) report the
strain of rats as Wistar, whereas Vernot et al. (1977) report the strain as
Sprague-Dawley. Observations were made during the exposures and for
14 days post-exposure. Signs observed in all exposed animals included
lacrimation, salivation, labored breathing, and rhinorrhea. No deaths oc-
curred at 200 ppm, but 6 of 8 rats died at 400 ppm. The LCsy was 299
ppm. Massive alveolar and interstitial hemorrhage involving the entire
lung was present in all animals that died. Deaths occurred within 2 to 3 h
after the exposure. Survivors developed bloody discharge from the eyes
and nares that lasted for several days. Near lethal concentrations induced
congestion, edema, hemorrhage, and emphysema in localized or discrete
areas of the lungs.

Twenty rats (sex and strain not stated) were exposed to 21 ppm for
6 h/day for two days (Horn and Weir 1955). Shortly after exposure was
initiated, the rats began preening and showed signs of rhinorrhea and lac-
rimation. At the end of the first day, rhinorrhea and lacrimation were ob-
served and the fur had a “singed feel.” The animals appeared normal the
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following morning. During the second day of exposure, the study was
terminated due to equipment failure resulting in a considerably higher
concentration. No deaths were reported.

Horn and Weir (1955) exposed 20 rats (sex and strain not stated) to
an average concentration of 5.15 ppm, 6 h/day, 5 days/week for 6 weeks
(31 exposures). At the end of the first day of exposure the authors noted
that “the rats did not appear to be affected.” On the second day the rats
appeared restless, and there was a moderate amount of preening, saliva-
tion, and rhinorrhea. Signs and symptoms of irritation increased with in-
creasing exposure time; one death occurred at the end of the 36th day of
the experiment. No further deaths occurred before termination of the ex-
periment on the 43rd day. Animals sacrificed at the termination of the
experiment had severe lung pathology, including varying degrees of hy-
peremia, hemorrhage, and edema. During the exposures, concentrations
of one-half to two times the average value were recorded.

Twenty rats (sex and strain not stated) were exposed to an average
concentration of 1.17 ppm for 6 h/day, 5 days/week for 6 months (Horn
and Weir 1956). During the early part of the study, the rats appeared un-
affected by the exposures. By the 9th day the rats began preening imme-
diately after exposure began. After 10 min, preening was followed by re-
duced physical activity that lasted throughout the exposure period. After
several weeks, blood tinged exudate around the nares and eyes occurred
on occasion. Five deaths (days 56-178) occurred in the treated group ver-
sus two in the concurrent control. Examination of the lungs revealed
pulmonary edema and bronchopneumonia in the rats that died and pul-
monary irritation in the survivors.

3.1.4. Mice

Groups of 15 mice were exposed to concentrations of 125, 150,
175, 200, or 400 ppm for 1 h (MacEwen and Vernot 1970). Signs ob-
served during exposure included lacrimation, salivation, labored breath-
ing, and rhinorrhea. Most fatalities occurred 2 to 3 h after exposure; all
deaths occurred within 36 h post-exposure. Deaths occurred at concentra-
tions, 150 ppm; the LCsy was 178 ppm (95% confidence limits, 169-187
ppm). Mortality ratios were 0/15, 2/15, 4/15, 14/15, and 15/15 at concen-
trations of 125, 150, 175, 200, and 400 ppm, respectively. Examination
of surviving mice at 14 days post-exposure revealed localized areas of
congestion, edema, hemorrhage, and emphysema in the lungs.
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3.2. Developmental/Reproductive Toxicity

No information on potential developmental or reproductive toxicity
associated with CIF; exposure was located in the available literature.

3.3. Genotoxicity

No information on genotoxicity was located in the available litera-
ture.

3.4. Chronic Toxicity/Carcinogenicity

No information on the chronic toxicity or carcinogenic potential of
CIF; in animals was located in the available literature.

3.5. Summary

Data were available on lethality in three species (monkey, rat, and
mouse) and the consequences of ClIF;-induced irritation in two species
(dog and rat). The 1-h LCs, values for the monkey, rat, and mouse were
230, 299, and 178 ppm, and the 1-h exposures resulting in no deaths for
the respective species were 127, 200, and 125 ppm. Concentration-
dependent ocular, mucous membrane, and pulmonary tract irritation was
noted in dogs at 1.17, 5.15, and 21 ppm for an exposure duration of 6 h.
The dog was more sensitive than the rat to the irritant effects of airborne
CIF; as no signs of irritation were observed in a group of 20 rats during
the first day of exposure to 1.17 or 5.15 ppm; rhinorrhea, lacrimation,
and singed hair were observed in both species during the first day of ex-
posure to 21 ppm. No information on potential developmen-
tal/reproductive toxicity, genotoxicity, or carcinogenicity was located.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism and Disposition

Tissue distribution of fluoride ion was analyzed at 0, 2, 6, and 24-h
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after male Sprague-Dawley rats inhaled 400 ppm CIF; for 15 min (Dost
et al. 1970). Distribution was uniform among soft tissues. There was no
evidence of increased fluoride burden in the lung at any time after expo-
sure. Nonsignificant, transient increases in fluoride were observed in the
spleen immediately after exposure and at 2 h post-exposure. Bone fluo-
ride increased from 118 pg F/g tissue at 0 h to 172 pg F/g tissue at 24 h
post-exposure.

4.2. Mechanism of Toxicity

CIF; is corrosive to all tissues. In rats that inhaled 400 ppm and had
previously been injected with 14C-labeled NaHCQO;, 14CO, production
was reduced sharply during the first 30 min and remained so for up to 6 h
(Dost et al. 1974). A decrease in CO, expiration indicates damage to the
lungs.

Analysis of CIF; in ambient air (at 65% relative humidity) by an in-
frared technique found approximately 85% of the CIF; had degraded
within 6 sec (MacEwen and Vernot 1970). Dilutions of CIF; with air and
50% humidity at nominal concentrations of 1000, 2000, and 5000 ppm
showed CIF; when analyzed within 30 sec. Reaction products had little
or no infrared absorption (hydrogen fluoride [HF] and chlorine [Cl;]
have little or no infrared absorption).

In the moist respiratory tract, CIF; is predicted to hydrolyze to
CIOF which further degrades to C1O,F and CIF (Dost et al. 1974). C1O,F
rapidly hydrolyzes to ClO,, HF, and ClOy anions; the first two products
predominate and are thought to be responsible for CIF; toxicity as the
CIOy anions are relatively nontoxic.

4.3. Structure-Activity Relationships

The chemical reactivity of the halogenated fluorine compounds in
order of decreasing reactivity is: chlorine pentafluoride (CIFs) > CIF;
bromine pentafluoride (BrFs) > iodine heptafluoride (IF7) > chlorine
monofluoride (CIF) > bromine trifluoride (BrF;) > bromine monofluoride
(BrF) (Bailey and Woytek 1994).

Signs produced by CIF; exposure are similar to those of other respi-
ratory irritants including CIFs and HF. MacEwen and Vernot (1971) and
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Darmer et al. (1972) compared the toxicity of CIF; with that of oxygen
difluoride (OF,, a potent oxidizer), HF, and CIFs. Table 2-4 lists 1 h LCs,
values for these chemicals in order of decreasing toxicity. In the mon-
key, CIF; is slightly less potent than CIF5 but 7 times more toxic than HF
(in all three species for which data are available, CIFs is almost exactly
ten times more toxic than HF). In the rat and mouse, CIF; is approxi-
mately 4 times more toxic than HF.

MacEwen and Vernot (1970) found CIF; exposure induced toxicity
similar to that of its principal hydrolysis product, HF; thus, the relative
toxicities of HF and CIF; on an equivalent molar basis (3 moles of HF
formed per mole of CIF3) would be 690, 897, and 534 ppm (3 times the
CIF; 1-h LCs, values of 230, 299, and 178 ppm), respectively. The re-
sponse to CIF; in monkeys was not due entirely to HF, but HF was a ma-
jor factor in the response of rats and mice. Additional effects were
thought due to one or more chlorine-containing degradation products.
The hydrolysis of CIFs is very exothermic which may contribute to its
enhanced toxicity compared with HF (Syage 1994).

Inhalation studies with rats also indicated that the toxicity of CIF;
was comparable to that of ClO, based on the number of chlorine equiva-
lents (Dost et al. 1974). Two of five rats that inhaled 500 ppm ClO, for
15 min died, and all 8 rats exposed to 1,000 ppm ClO, for 30 min died.
Exposure to 2,000 ppm CIOsF for 25 min or to 1,000 ppm CIO;F for 60
min was not lethal. The authors stated that the toxicity of CIF; was com-
parable to that of C1O, on a chlorine equivalent basis and that the toxicity
of inhaled CIF; was comparable to that of HF on a fluorine equivalent
basis.

4.4. Other Relevant Information
4.4.1. Species Differences
There is little variation in species sensitivity to lethal concentrations

TABLE 2-4 Comparative 1 h LCsy Values for CIF; and Related
Compounds

Species OF, CIF5 CIF; HF
Monkey 16.0 173 230 1774
Dog 26.0 122 — —
Rat 2.6 122 299 1276
Mouse 1.5 57 178 501

Source: Darmer et al. 1972.
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of CIF;. The 1-h LCs, values for the monkey, rat, and mouse were 230,
299, and 178 ppm, respectively (MacEwen and Vernot 1970). No mon-
keys died at 127, and no mice died at 125 ppm. Data from the MacEwen
and Vernot (1970) study allowed calculation of LCy, values for the
mouse and rat (Table 2-5); however, only two data points were available
for the rat. The data set for the monkey did not allow calculation of a re-
liable LC01.

Although 1 h LCs, values were not reported in studies of Horn and
Weir (1955) and Dost et al. (1974), these values can be calculated (see
section 4.4.3 for time scaling). In the study by Horn and Weir (1955), the
1-h ETs, values would be 262 and 351 ppm based on the 96 and 480 ppm
exposures, respectively. It should be noted that these values underesti-
mate the LCs, as the protocol did not allow for post-exposure observa-
tion. In the Dost et al. (1974) study, the 1-h LCs, concentration would be
222 ppm. If these values are considered, then all 1 h LCs, values across
species are within a factor of two (range, 178-351 ppm).

The nasal passages vary considerably in size and shape among spe-
cies. The nasal passages of rodents and primates differ in gross anatomy,
the amount and distribution of types of respiratory epithelium, and air-
flow patterns. The noses of primates (humans and monkeys) show great
similarity in these three factors (Schreider 1986), and the monkey is a
more appropriate model for extrapolation of inhalation toxicity data for
irritants to humans than is the rodent.

The respiratory rate of primates is lower than that of rodents. There-
fore, the delivered dose to the respiratory tract in primates is lower than
that of rodents exposed to the same concentration. Furthermore, based on
relative body size, the respiratory rate of humans is lower that of mon-
keys, with a resulting lesser dose to the target tissues in the respiratory
tract.

TABLE 2-5 Comparative CIF; 1-H Lethal Values for Three Species

LCso (95%
Species confidence limits) No deaths (ppm) LCy; (ppm)
Monkey 230 127 —
Rat 299 200 156
Mouse 178 (169-187) 125 135

Source: MacEwen and Vernot 1970.
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4.4.2. Susceptible Populations

Asthmatics may respond to exposure to primary irritants with in-
creased bronchial responsiveness. No information on the relative suscep-
tibility of asthmatic and otherwise healthy people to inhaled CIF; was lo-
cated. The elderly and those with compromised lung function could po-
tentially experience increased susceptibility to airborne CIF;, but there
are neither animal data nor clinical experience to suggest that such is the
case.

People engaged in emergency situations and those engaged in
physical activity will experience greater CIF; deposition and pulmonary
irritation than sedentary individuals. Furthermore, individuals who
breathe through their mouth would receive a larger pulmonary delivered
dose since scrubbing and deposition in the nasal passages would be by-
passed.

4.4.3. Concentration-Exposure Duration Relationship

Lethality data were available for three species and for exposure du-
rations of 13.5 to 222 min. These data are graphed in Appendix A. The
inverse of the slope of the line () is 1.3. This value of #n was used in the
time-scaling relationship, C" x ¢ = k, for both the AEGL-2 and AEGL-3
because tissue damage from a direct-contact irritant is a matter of degree
between the AEGL-2 and AEGL-3. Comparing the LCy; value for the
mouse, 135 ppm, with the lower confidence limit on the LCsy value, 169
ppm, shows that the concentration-response curve is very steep. In the
Dost et al. (1974) study, a 3-min time difference separated highest
nonlethal and LCs, values for exposures to both 400 and 800 ppm.

5. DATA ANALYSIS FOR AEGL-1
5.1. Human Data Relevant to AEGL-1

No human data relevant to the calculation of an AEGL-1 were lo-
cated.
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5.2. Animal Data Relevant to AEGL-1

The only animal study using a concentration relevant to AEGL-1
was the subchronic study in dogs and rats exposed to 1.17 ppm, 6 h/day,
5 days/week, for 6 months (Horn and Weir 1956). While the rats re-
mained unaffected during the early exposures, dogs displayed rhinorrhea
within 45 min of the first exposure; lacrimation developed after 3 h.
Signs of irritation became increasingly severe with continued exposures.

5.3. Derivation of AEGL-1

Although the Horn and Weir (1956) account did not clearly state on
which day the signs of irritation to CIF; began in dogs, nasal discharge
indicates slight sensory irritation as the end point (NOAEL) for the
AEGL-1. Obvious lacrimation was not observed until after 3 h of expo-
sure. The AEGL-1 was based on nasal discharge observed in dogs during
the first 3 h of exposure to 1.17 ppm. The 1.17 ppm concentration for an
exposure duration of 3 h was divided by a combined interspecies and in-
traspecies uncertainty factor of 10 (3 for interspecies differences [the dog
was more sensitive than the rat] and 3 for intraspecies differences in sen-
sitivity [slight irritation should occur at a similar level among the general
population]). Time-scaling was not applied because adaptation to slight
irritation occurs. Therefore, the calculated value of 0.12 ppm was
adopted for all AEGL-1 timepoints. The 0.12 ppm AEGL-1 value is
similar to the C10, AEGL-1 of 0.15 ppm (also based on slight sensory ir-
ritation; EPA 2005), and the AEGL-1 is one-eighth of the HF AEGL-1
value of 1.0 ppm (NRC 2004). Application of an intraspecies factor of 3
is sufficient, since application of a larger factor would result in AEGL-1
values that are not consistent with those of ClO, and HF, two of the ma-
jor decomposition products of CIF; (breakdown of one mole of CIF; po-
tentially forms three moles of HF and one mole of ClO,). The AEGL-1
values are listed in Table 2-6. Figure 2-1 category plot contains CIF; data
including the AEGL-1 end point and the AEGL-1 value.

TABLE 2-6 AEGL-1 Value for Chlorine Trifluoride

10 min 30 min 1h 4h 8h

0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm
(0.46 mg/m’)  (0.46 mg/m’)  (0.46 mg/m’)  (0.46 mg/m’)  (0.46 mg/m?)
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6. DATA ANALYSIS FOR AEGL-2
6.1. Human Data Relevant to AEGL-2

No human data relevant to derivation of an AEGL-2 were located.

6.2. Animal Data Relevant to AEGL-2

There were no single exposure studies designed to evaluate
nonlethal effects. Two dogs exposed to 5.15 ppm, 6 h/day, 5 days/week,
for 6 weeks showed salivation, lacrimation, rhinorrhea, blinking of the
eyes, severe coughing, and sneezing. The duration of CIF; exposure re-
quired to induce these signs was not clearly stated, but “signs of mucous
membrane irritation” observed in dogs during the first day appeared to be
reversible by the end of the first day as the dogs at that time “did not ap-
pear markedly affected.” A group of twenty rats exposed to the same
concentration did not appear to be affected either during the exposure or
at the end of the first day (Horn and Weir 1955).

6.3. Derivation of AEGL-2

The signs in dogs exposed to 5.15 ppm for 6 h - irritation, saliva-
tion, lacrimation, rhinorrhea, coughing, and sneezing - may be extremely
uncomfortable but are reversible. Thus, these signs are considered con-
sistent with a NOAEL for disabling effects or an impaired ability to es-
cape. Twenty rats exposed to this concentration for 6 h appeared unaf-
fected. However, repeated daily exposures of rats and dogs to this con-
centration resulted in increasingly severe signs of irritation. The AEGL-2
was calculated based on the 6-h exposure of dogs to 5.15 ppm. A com-
bined uncertainty factor of 10 was applied: 3 for interspecies differences
in sensitivity (the value is based on the dog which was considerably more
sensitive than the rat) and 3 for intraspecies differences in sensitivity (ir-
ritation should occur at a similar concentration among the general popu-
lation). Scaling across time was based on the time-scaling relationship
derived in Section 4.4.3. Although the end point for time scaling was le-
thality in several species, the same relationship can be utilized for the
AEGL-2 because the difference between severe irritation (AEGL-2) and
lethality from tissue destruction (AEGL-3) is one of degree. The 10-min
value was time-scaled from the 6-h point of departure because time-
scaling data were available for 13.5 to 222 min. An intraspecies uncer-
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tainty factor of 3 is sufficient as these AEGL-2 values are considerably
lower than those of HF (10- and 30-min and 1-, 4-, and 8 h values of 95,
34, 24, 12, and 12 ppm, respectively) and similar to the longer-term
AEGL-2 values for ClO,. The 10- and 30 min AEGL-2 values for CIF;
(8.1 and 3.5 ppm) are higher than those of C1O, (both 1.4 ppm) because
information was available for time-scaling CIF; values, whereas, in the
absence of time-scaling information, the conservative value of n = 3 was
used for scaling to the shorter time periods for C10O,. Calculations appear
in Appendix B and values are listed in Table 2-7. The AEGL-2 end point
and AEGL-2 values are plotted in Figure 2-1.

7. DATA ANALYSIS FOR AEGL-3
7.1. Human Data Relevant to AEGL-3

Deichmann and Gerarde (1969) state that 50 ppm may be fatal in 30
min to 2 h. No further details were given. The source of that conclusion
was not cited and cannot be treated as reliable.

7.2. Animal Data Relevant to AEGL-3

Exposure of 20 rats or 2 dogs for 6 h to 21 ppm resulted in lacrima-
tion, rhinorrhea, cough, rapid respiration, and salivation shortly after ini-
tiation of exposure, but no deaths were reported, even when the animals
were exposed a second day (Horn and Weir 1955). Thus, this concentra-
tion-exposure duration may be below the threshold for lethality as de-
fined by the AEGL-3.

The 1-h LCs, values for the monkey, rat, and mouse were 230, 299,
and 178 ppm, respectively, and the 1-h values resulting in no deaths for
the same species were 127, 200, and 125 ppm, respectively (MacEwen
and Vernot 1970). Data were sufficient to derive LCy; values for mouse
and rat. The data set for the monkey did not allow calculation of a reli-
able LC()].

TABLE 2-7 AEGL-2 Values for Chlorine Trifluoride

10 min 30 min 1h 4h 8h

8.1 ppm 3.5 ppm 2.0 ppm 0.70 ppm 0.41 ppm
Glmgm’) (Bmgm’) (7.6mgm’) (27mgm’) (1.6 mg/m’)
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7.3. Derivation of AEGL-3

Of the three species tested, the mouse is the most sensitive species
as determined by the 1-h LCsy of 178 ppm. However, based on similar
respiratory rates, gross respiratory tract anatomy, amount and distribution
of types of respiratory epithelium, and nasal airflow patterns, the monkey
is a more appropriate model for chemical deposition in the human respi-
ratory tract. The AEGL-3 values were based on the highest 1 h concen-
tration that resulted in no deaths in monkeys (MacEwen and Vernot
1970). This concentration, 127 ppm, was divided by interspecies and in-
traspecies uncertainty factors of 2 and 3, respectively (for a total of 6),
and scaled across time using the C' x ¢ = k relationship. The interspecies
uncertainty factor of 2 was considered adequate as the monkey is an ap-
propriate model for extrapolation to humans. An intraspecies uncertainty
factor of 3 was considered appropriate as differences among individuals
in sensitivity to contact irritants (the concentration at which lung tissue
damage occurs) should not differ greatly. The 8-h AEGL-3 value was set
equal to the 4-h value because the time-scaled 8 h value of 4.3 ppm is in-
consistent with the experimental data. Dogs exposed to 21 ppm for two
days did not die during the following month of observation, and dogs and
rats tolerated repeated 6 h exposures to 5.15 ppm for several weeks be-
fore the first death was recorded (Horn and Weir 1955). The AEGL-3
end point and AEGL-3 values are plotted in Figure 2-1. The AEGL-3
values are listed in Table 2-8.

Probit analyses of the mouse data resulted in an LCy; value of 135
ppm. Using the same uncertainty factors and time scaling relationship as
for the monkey, the AEGL-3 values based on the mouse data are very
similar, 89, 38, 23, 7.7, and 7.7 ppm for the 10- and 30 min and 1-, 4-,
and 8 h time periods, respectively.

Chlorine trifluoride decomposes within seconds to HF among other
products (MacEwen and Vernot 1970). Compared with the 1-h LCs
value for HF in monkeys (1774 ppm), the response to inhaled CIF; in
monkeys cannot be attributed entirely to HF (3 moles of HF formed), but
HF may be a major factor (MacEwen and Vernot 1970). The difference
in expected lethality may be due to the high water solubility and conse-
quent scrubbing in the upper respiratory tract of HF compared with CIFs.

TABLE 2-8 AEGL-3 Values for Chlorine Trifluoride

10 min 30 min 1h 4h 8h

84 ppm 36 ppm 21 ppm 7.3 ppm 7.3 ppm
(320 mg/m’) (140 mg/m®’) (80 mg/m’) (28 mg/m’) (28 mg/m”)
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Nevertheless, the AEGL-3 values for CIF; are appropriate to those of HF.

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

The AEGL-1 was based on slight irritation (rhinorrhea in the sensi-
tive nose of the dog) during the first 3 h of a 6-h exposure to CIF; at 1.17
ppm; notable discomfort (lacrimation) was observed after 3 h. A com-
bined uncertainty factor of 10: 3 for interspecies differences in sensitivity
(the dog was considerably more sensitive to CIF; than the rat) and 3 for
intraspecies differences in sensitivity was applied. No time scaling was
applied as tolerance develops to the slight irritation that defines the
AEGL-1.

The AEGL-2 was based on obvious irritation observed in dogs ex-
posed to an average concentration of 5.15 ppm for 6 h. Although these
signs resolved by the end of the day, they were considered a threshold for
impaired ability to escape. Rats exposed to 5.15 ppm for 6 h appeared
unaffected. The 6-h concentration of 5.15 ppm was divided by a com-
bined interspecies and intraspecies uncertainty factor of 10 and scaled
across time using the C'~ x ¢ = k relationship.

The AEGL-3 was based on the highest non-lethal 1 h value for the
Rhesus monkey (127 ppm). The 127 ppm concentration was divided by a
combined interspecies and intraspecies uncertainty factor of 6 and scaled
across time using the same reasons and relationships as for the AEGL-1
above. Were the AEGL-3 values to be based on the LCy; for the mouse
(135 ppm), essentially the same values would be derived.

The AEGL values for three levels and five exposure periods are
summarized in Table 2-9.

8.2. Comparisons with Other Standards

Standards and guidance levels for community and occupational ex-
posures are listed in Table 2-10. The 1-h AEGL-1 value is similar to the
1-h ERPG-1 value, and the 1-h AEGL-2 and -3 values are higher than the
respective ERPG values. The AEGL-1 and -2 values were based on stud-
ies with CIF;, whereas the ERPG-1 and -2 values for CIF; are based on
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analogies with chlorine and HF. The AEGL-3 and ERPG-3 values were
based on the same lethality study (MacEwen and Vernot 1970), but used
different species. The ERPG-3 was calculated by dividing the 1-h LCs,

TABLE 2-9 Summary of AEGL Values

Exposure Duration

Classification 10 min 30 min 1h 4h 8h
AEGL-1 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm
(Nondisabling) (0.46 (0.46 (0.46 (0.46 (0.46
mg/m°) mg/m’) mg/m’) mg/m’) mg/m’)
AEGL-2 8.1 ppm 3.5 ppm 2.0 ppm 0.70 ppm 0.41 ppm
(Disabling) @Bl mgm®) (13 mgm’) (7.6 .7 (1.6
mg/m°) mg/m’) mg/m’)
AEGL-3 84 ppm 36 ppm 21 ppm 7.3 ppm 7.3 ppm
(Lethal) (320 (140 80 mg/m®) (28 mg/m*) (28 mg/m’)
mg/m°) mg/m°)

TABLE 2-10 Extant Standards and Guidelines for Chlorine Trifluoride

(ppm)
Exposure Duration

Guideline 10 min 30 min 1h 4h 8h
AEGL-1 0.12 0.12 0.12 0.12 0.12
AEGL-2 8.1 3.5 2.0 0.70 0.41
AEGL-3 84 36 21 7.3 7.3
ERPG-1 (ATHA)” 0.1 (0.3 as

HF)
ERPG-2 (AIHA) 1 (3 as HF)
ERPG-3 (AIHA) 10 (30 as

HF)
EEGL (NRC) 7 3 1
IDLH (NIOSH) 20
Ceiling 0.1
(OSHA)!
Ceiling 0.1
(NIOSH)®
TLV-Ceiling 0.1
(ACGIHY

(Continued)
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MAC-Ceiling 0.1
(Netherlands)®

“ERPG (Emergency Response Planning Guidelines, American Industrial Hy-
giene Association (AIHA 2004).

The ERPG-1 is the maximum airborne concentration below which it is believed
nearly all individuals could be exposed for up to one hour without experiencing
other than mild, transient adverse health effects or without perceiving a clearly
defined objectionable odor.

The ERPG-2 is the maximum airborne concentration below which it is believed
nearly all individuals could be exposed for up to one hour without experiencing
or developing irreversible or other serious health effects or symptoms that could
impair an individual’s ability to take protection action.

The ERPG-3 is the maximum airborne concentration below which it is believed
nearly all individuals could be exposed for up to one hour without experiencing
or developing life-threatening health effects.

"EEGL (Emergency Exposure Guidance Levels, National Research Council
(NRC 1984)

The EEGL is the concentration of contaminants that can cause discomfort or
other evidence of irritation or intoxication in or around the workplace, but
avoids death, other severe acute effects and long-term or chronic injury.

‘IDLH (Immediately Dangerous to Life and Health, National Institute of Occu-
pational Safety and Health) (Ludwig et al. 1994; NIOSH 2004) represents the
maximum concentration from which one could escape within 30 minutes with-
out any escape-impairing symptoms, or any irreversible health effects.

Y0SHA PEL-Ceiling (Permissible Exposure Limits - Ceiling Term Exposure
Limit) (NIOSH 2004) must not be exceeded during any part of the workday.
“NIOSH Ceiling (National Institute of Occupational Safety and Health, Recom-
mended Exposure Limits - Ceiling) (NIOSH 2004) must not be exceeded during
any part of a 10-hour workday.

/ACGIH TLV-Ceiling (American Conference of Governmental Industrial Hy-
gienists, Threshold Limit Value - Ceiling) (ACGIH 2004) is the concentration
that should not be exceeded during any part of the workshift.

SMAC (Maximaal Aanvaarde Concentratie [Maximal Accepted Concentration])
(SDU Uitgevers [under the auspices of the Ministry of Social Affairs and Em-
ployment], The Hague, The Netherlands 2000) is defined analogous to the
ACGIH-TLV-TWA.

for the mouse (178 ppm) by approximately 20, whereas the AEGL-3 was
derived by adjusting the highest non-lethal value in the monkey by a total
uncertainty factor of 6.

The AEGL-1 value for CIF; is less than the corresponding value for
HF (1 ppm for all time periods; NRC 2004). The HF data base is exten-
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sive and the AEGL-1 value for HF is based on markers of exposure in
human subjects exposed to 0.2 to 6.3 ppm for 1 h. A total uncertainty
factor of 3 was applied in development of the HF values.

The 10-min EEGL of 7 ppm is 58 times the 10-min AEGL-1, but it
is similar to the 10-min AEGL-2. Exposure at the EEGL may involve
discomfort, and the EEGL is considered by AIHA as an acceptable level
for healthy adults, whereas the AEGL values are designed to account for
the entire population. The 30-min and 1 h EEGL values are approxi-
mately 25 and eight times higher than the corresponding AEGL-1 values,
but are similar to the corresponding AEGL-2 values. The basis for the
1984 EEGL values was not explained.

The 30-min NIOSH IDLH of 20 ppm (Ludwig et al. 1994) lies be-
tween the 30-min AEGL-2 and AEGL-3. The IDLH is based on 6 h ex-
posures of dogs and rats to 21 ppm (Horn and Weir 1955). The 20 ppm
IDLH was considered conservative by the NIOSH authors in light of the
estimates of human fatal exposure concentrations by Deichmann and
Gerarde (1969).

Workplace exposure limits, as 8 h ceiling values, are all 0.1 ppm
and are intended to control and prevent the noxious ocular, mucous
membrane and pulmonary irritation associated with exposure to CIF;.
The workplace 0.1 ppm concentration limits are similar to the AEGL-1
value of 0.12 ppm. A German maximum workplace concentration
(MAK) has not been established for this material.

8.3. Data Adequacy and Research Needs

Human data were lacking. Lethal and sublethal data were available
for four animal species and several exposure durations. For each species,
relatively consistent values for lethality were observed among studies.
However, monitoring data and analytical techniques demonstrated prob-
lems in maintaining consistent exposure concentrations. The most re-
cently published study was in 1974; techniques for the analysis of CIF; in
air have improved since that time.

Values similar to the derived AEGL-3 values can be derived from
the rat data. There were no deaths following 1 h exposures of rats to 200
ppm (MacEwen and Vernot 1970) or during 25- or 10-min exposures to
400 or 800 ppm, respectively (Dost et al. 1974). Application of a total
uncertainty factor of 10 (an interspecies uncertainty factor of 3 would be
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applied to the non-primate data) to each of these concentrations and time
scaling with an » value of 1.3 results in 10 min time-scaled values of 79-
81 ppm. Application of a total uncertainty factor of 10 to the 1-h mouse
non-lethal (125 ppm) or LCy; (135 ppm) values results in lower 10 min
values, 50 and 54 ppm, respectively. The rat data support selection of the
monkey data and use of an interspecies uncertainty factor less than 3.

Few data are available to support the AEGL-1 and AEGL-2 values.
However, both key studies were 6 h in duration (eliminating the uncer-
tainty of extrapolating from short-term to long exposure durations) and
used two species. The values were based on the dog, the more sensitive
species as indicated by signs of irritation.

MacEwen and Vernot (1970) suggested that the toxicity of CIF;
may be associated with the formation of HF. Three moles of HF would
be formed from the spontaneous decomposition of one mole of CIF; in
moist air. The AEGL-2 values for HF (12-95 ppm; NRC 2004) are ap-
proximately a factor of 10 times the respective AEGL-2 values for CIF;
(0.41-8.1 ppm), showing that the AEGL-2 values for CIF; may be con-
servative (the data base for HF is extensive). The AEGL-3 values for HF
and CIF; more closely follow the molar relationship.
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APPENDIX A

TIME: CONCENTRATION RELATIONSHIP FOR LETHALITY
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FIGURE A-1 Chlorine trifluoride: LCs, values for three species—monkey,
rat, and mouse (Horn and Weir 1955; MacEwen and Vernot 1970; Dost et al.

1974).

Time Conc. Log Time Log Conc. Regression Output:

13.5 800 1.1303 2.9031 Intercept 3.7684
28 400 1.4472 2.6021 Slope —0.7692
40 480 1.6021 2.6812 R Squared 0.9014
60 178 1.7782 2.2504 Correlation —0.9494
60 230 1.7782 2.3617 Degrees of Freedom 5

60 299 1.7782 2.4757 Observations 7

222 96 2.3464 1.9823

n 1.3

k 79325.99
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APPENDIX B

DERIVATION OF AEGL VALUES

DERIVATION OF AEGL-1 FOR CHLORINE TRIFLUORIDE

Key study:

Toxicity end point:

Uncertainty factors:

Scaling:

Calculation:

Horn and Weir 1956

Mucous membrane irritation as evidenced by nasal
discharge, the only sign of irritation during the first
3 h of a 6-h exposure of dogs to 1.17 ppm.

3 for interspecies
3 for intraspecies
combined uncertainty factor of 10

No time scaling was utilized. Adaptation occurs to
the slight irritation that defines the AEGL-1.

(Concentration/uncertainty factors) = AEGL-1
(1.17 ppm/10) = 0.12 ppm

Because tolerance develops to the slight irritation
that defines the AEGL-1, the 0.12 ppm value was
used for all AEGL-1 exposure durations.

“Each uncertainty factor of 3 is actually the geometric mean of 10 which
is 3.16; 3.16 x 3.16 = 10.

Derivation of AEGL-2 for Chlorine Trifluoride

Key study:

Toxicity end point:

Uncertainty
Factors:

Horn and Weir 1955

Strong irritation in dogs exposed to a concentration
of 5.15 ppm for 6 h.

3 for interspecies
3 for intraspecies
combined uncertainty of 10
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Scaling:

Calculations:

Acute Exposure Guideline Levels
CHxt=k (this document; based on LCs, concentration
and exposure duration relationships in Horn and Weir

[1955], MacEwen and Vernot [1970], and Dost et al.
[1974]).

(C'?/uncertainty factors) x ¢ =k
([5.15 ppm'~] /10) x 360 min = 151.93 ppm'~ - min

10 min AEGL-2: 151.93 ppm'?- min/10 min = 8.1 ppm
30 min AEGL-2: 151.93 ppm'~+ min/30 min = 3.5 ppm
1 h AEGL-2: 151.93 ppm'~ - min/60 min = 2.0 ppm

4 h AEGL-2: 151.93 ppm'~ - min/240 min = 0.70 ppm

8 h AEGL-2: 151.93 ppm'~ + min/480 min = 0.41 ppm

Derivation of AEGL-3 for Chlorine Trifluoride

Key study:

Toxicity
end point:

Uncertainty
Factors:

Scaling:

Calculations:

MacEwen and Vernot 1970

Highest 1 h non-lethal value in monkeys (127 ppm)

2 for interspecies
3 for intraspecies
combined uncertainty factor of 6

CHxt=k (this document; based on LCs, concentration
and exposure duration relationships in Horn and Weir
[1955], MacEwen and Vernot [1970], and Dost et al.
[1974]).

(C'*/uncertainty factors) x ¢ =k
(127 ppm'?/6) x 60 min = 3173.2 ppm'~ - min
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k=3173.2 ppm'’ - min

10 min

AEGL-3: 3173.2 ppm'~ - min/10 min = 84 ppm
30 min

AEGL-3: 3173.2 ppm'~ - min/30 min = 36 ppm
1h

AEGL-3: 3173.2 ppm'~ + min/60 min = 21 ppm
4h

AEGL-3: 3173.2 ppm'~ - min/240 min = 7.3 ppm
8h

AEGL-3: 3173.2 ppm'~ - min/480 min = 4.3 ppm”

’Because the time-scaled 8 h AEGL-3 value of 4.3 ppm is inconsistent
with the experimental data, the 8-h value was set equal to the 4-h value
of 7.3 ppm.
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APPENDIX C

ACUTE EXPOSURE GUIDELINE LEVELS FOR
CHLORINE TRIFLUORIDE (CAS REG. NO. 7790-91-2)

DERIVATION SUMMARY

AEGL-1 VALUES

10 min 30 min l1h 4 h 8h

0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm 0.12 ppm

Key Reference: Horn, H.J. and R.J. Weir. 1956. Inhalation toxicology of
chlorine trifluoride. II. Chronic toxicity. A.M.A. Arch. Indust. Health
13:340-345.

Test Species/Strain/Number: Two dogs and 20 rats, breed and strain not
stated.

Exposure Route/Concentration/Duration: Inhalation: 1.17 ppm, 6 h/day,
5 days/week for 6 months.

Effects during first day:

Dogs: 1.17 ppm for 6 h - nasal discharge (began within 0 to 45 min) ob-
vious lacrimation (after 3 h).

Rats: 1.17 ppm for 6 h - no observed effects.

End point/Concentration/Rationale: A concentration of 1.17 ppm for 3 h
resulted in no signs of irritation in dogs other than nasal discharge. Nasal
discharge is considered to be within the definition of the AEGL-1 (mild
sensory irritation). Lacrimation after 3 h of exposure was considered the
threshold for notable discomfort.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3—The dog is a sensitive species for nasal irritation and
provides a good model for humans. Dogs exposed to 1.17 ppm showed
obvious lacrimation after 3 h yet rats showed no effects at the same con-
centration for 6 h.

Intraspecies: 3—The concentration at which slight irritation is induced
in the general population should not differ greatly.

Modifying Factor: Not applicable.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: Not applied; adaptation occurs to the slight sensory irrita-
tion that defines the AEGL-1.
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Data Adequacy:

Although only two dogs were tested in the key study, the concomitant
exposure of 20 rats contributes to confidence in the data. The value was
based on the dog, which appeared to be more sensitive to respiratory irri-
tants than the rat. Although no histopathological examinations were per-
formed until the termination of the experiment or death, exposure con-
tinued for 56 days (39 exposures) before a death occurred in the treated
rats.

The hydrolysis of CIF; potentially produces three moles of hydrogen
fluoride (HF). Confidence in the AEGL-1 values is boosted by the fact
that the values for CIF; are one-eighth of the AEGL-1 values for HF. The
database for HF is extensive.

AEGL-2 VALUES

10 min 30 min l1h 4 h &h

8.1 ppm 3.5 ppm 2.0 ppm 0.70 ppm 0.41 ppm

Key Reference: Horn, H.J. and R.J. Weir. 1955. Inhalation toxicology of
chlorine trifluoride. I. Acute and subchronic toxicity. A.M.A. Arch. In-
dust. Health 12:515-521.

Test Species/Strain/Sex/Number: Two dogs and 20 rats, breed and strain
not stated.

Exposure Route/Concentration/Duration: Inhalation: 5.15 ppm for 6
h/day, 5 days/week for 6 months.

Effects (observed during the first day) for exposures to 5.15 ppm for 6 h:
Dogs: strong irritation (salivation, lacrimation, rhinorrhea, coughing,
sneezing) apparent recovery at end of day.

Rats: no observed effects.

End point/Concentration/Rationale 5.15 ppm for 6 h resulted in strong
signs of irritation (salivation, lacrimation, rhinorrhea, coughing, sneez-
ing) in the dog. These signs and symptoms are consistent with the defini-
tion of the AEGL-2 (threshold for irreversible or other serious, long-
lasting effects or impaired ability to escape). Following 2 days of expo-
sure to 21 ppm, corneal ulcers were observed.

Uncertainty Factors/Rationale:

Total uncertainty factor: 10

Interspecies: 3—The dog is a sensitive species for nasal irritation and
provides a good model for the human. Dogs exposed to 5.15 ppm

(Continued)
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AEGL-2 VALUES Continued

showed signs of strong irritation (salivation, lacrimation, rhinorrhea,
coughing, sneezing) during a 6-h exposure period yet rats showed no ef-
fects at the same concentration for 6 h.

Intraspecies: 3—The concentration that induces irritation among the
general population should not vary greatly.

Modifying Factor: Not applicable.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: C" x ¢t =k where n = 1.3; based on the time-concentration
relationship for LCsy values in monkeys, rats, and mice for exposure du-
rations of 13.5-222 min (Horn and Weir 1955; MacEwen and Vernot
1970; Dost et al. 1974).

Data Adequacy: Although only two dogs were tested in the key study,
the concomitant exposure of 20 rats contributes to confidence in the data.
The value was based on the dog which appeared to be more sensitive to
respiratory irritants than the rat.

No histopathological examinations were performed until termination of
the experiment or death; exposures continued for 26 days before a death
occurred in the treated dogs.

AEGL-3 VALUES

10 min 30 min l1h 4 h &h

84 ppm 36 ppm 21 ppm 7.3 ppm 7.3 ppm

Key Reference: MacEwen, J.D. and E.H. Vernot. 1970. Toxic Hazards
Research Unit Annual Technical Report: 1970, AMRL-TR-70-77, Aero-
space Medical Research Laboratory, Wright-Patterson Air Force Base,
OH.

Test Species/Strain/Sex/Number: Male and female rhesus monkeys,
4/exposure group.

Exposure Route/Concentration/Duration: Inhalation: 127, 150, 200, 300,
or 400 ppm for 1 h.

Effects from 1 h exposure:

Concentration Mortality
127 ppm: 0/4
150 ppm: 2/4
200 ppm: 1/4

300 ppm: 2/4
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400 ppm: 4/4
1 h LCs is 230 ppm (provided in reference)
1 h LCy; could not be calculated

End point/Concentration/Rationale: 127 ppm for 1 h, the highest non-
lethal value in the monkey, was considered the threshold for lethality, the
defined end point for the AEGL-3.

Uncertainty Factors/Rationale:

Total uncertainty factor: 6

Interspecies: 2—Based on the similarity in respiratory parameters
among primates. In addition, effects were similar among species and
LCs values varied by less than a factor of two for the monkey, rat, and
mouse (indicating similar species sensitivity).

Intraspecies: 3—The concentration at which extreme irritation and pul-
monary damage may lead to lethality should not differ by more than a
factor of 3 among the general population.

Modifying Factor: Not applicable.

Animal to Human Dosimetric Adjustment: Insufficient data.

Time Scaling: C" x ¢ =k where n = 1.3; based on the time-concentration
relationship for LCsy values in monkeys, rats, and mice for exposure du-
rations of 13.5-222 min (Horn and Weir 1955; MacEwen and Vernot
1970; Dost et al. 1974).

Data Adequacy: The key study was well conducted and documented.
LCs, values from several additional studies were within a factor of two
for all tested species. Similar values can be derived using the rat data
(MacEwen and Vernot 1970; Dost et al. 1974) and a total uncertainty
factor of 10.






