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This report reviews documents on acute exposure guideline levels (AEGLS) for nerve
agents GA (tabun), GB (sarin), GD (soman), GD, and VX, sulfur mustard, diborane, and
methyl isocyanate. The documents were developed by the National Advisory Committee
on Acute Exposure Guideline Levels for Hazardous Chemicals (NAC). The subcommittee
concludes that the AEGLs developed in those documents are scientifically valid
conclusions based on data reviewed by NAC and are consistent with the NRC reports on
developing acute exposure guideline levels.

This executive summary plus thousands more available at www.nap.edu.

Copyright © National Academy of Sciences. Permission is granted for this material to be
shared for noncommercial, educational purposes, provided that this notice appears on the
reproduced materials, the Web address of the online, full authoritative version is retained,
and copies are not altered. To disseminate otherwise or to republish requires written
permission from the National Academies Press.



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 3
http://books.nap.edu/catalog/10672.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

INTRODUCTION 1

Introduction

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

In the Bhopal disaster of 1984, approximately 2,000 residents living near a
chemical plant were killed and 20,000 more suffered irreversible damage to their
eyes and lungs following accidental release of methyl isocyanate. The toll was
particularly high because the community had little idea what 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
planning how to deal with emergency exposures.

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

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 2

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

The National Research Council (NRC) Committee on Toxicology (COT) has
published many reports on emergency exposure guidance levels and spacecraft
maximum allowable concentrations for chemicals used by the 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 military 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 criteria
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 available, 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 established to identify,
review, and interpret relevant toxicologic and other scientific data and to develop
acute exposure guideline levels (AEGLs) for high-

INAC is composed of members from EPA, DOD, many other federal and state
agencies, industry, academia, and other organizations. The roster of NAC is shown on
page 8. Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 3

priority, acutely toxic chemicals. The NRC’s previous name for acute exposure
levelsCcommunity emergency exposure levels (CEELs)Cwas replaced by the term
AEGLs to reflect the broad application of these values to planning, response, and
prevention in the community, the workplace, transportation, the military, and the
remediation of Superfund sites.

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 degrees of severity of toxic effects.

The three AEGLs are defined as follows:

AEGL-1 is the airborne concentration (expressed as ppm [parts per million] or
mg/m? [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 nonsensory effects.
However, the effects are not disabling and are transient and reversible upon
cessation of exposure.

AEGL-2 is the airborne concentration (expressed as ppm or mg/m’) of a
substance above which it is predicted that the general population, 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/m’) of a
substance above which it is predicted that the general population, including
susceptible individuals, could experience life-threatening health effects or death.

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

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 4

SUMMARY OF REPORT ON GUIDELINES FOR
DEVELOPING AEGLS

As described in the Guidelines for Developing Community Emergency
Exposure Levels for Hazardous Substances (NRC 1993) and the NAC guidelines
report Standing Operating Procedures on Acute Exposure Guideline Levels for
Hazardous Substances (NRC 2001), the first step in establishing AEGLs for a
chemical is to collect and review all relevant published and 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
characterizations, (2) structure-activity relationships, (3) in vitro toxicity studies, (4)
animal toxicity studies, (5) controlled human studies, (6) observations 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 vitro 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 species are used to set AEGLs. Uncertainty factors are commonly
used when animal data are used to estimate risk levels for humans. The magnitude
of uncertainty factors depends on the quality of the animal data used to determine
the no-observed-adverse-effect level (NOAEL) and the mode of action of the
substance in question. When available, pharmacokinetic data on tissue doses are
considered for interspecies extrapolation.

For substances that affect several organ systems or have multiple effects, all
end points—including reproductive (in both sexes), develop-mental, 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 (1x107%), 1 in

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 5

100,000 (1x1073), and 1 in 1,000,000 (1x107°) exposed persons are estimated.

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 in
press). The NRC assigned this project to the COT Subcommittee on Acute Exposure
Guideline Levels. The subcommittee has expertise in toxicology, epidemiology,
pharmacology, medicine, industrial hygiene, biostatistics, risk assessment, and risk
communication.

The AEGL draft reports are initially prepared by ad hoc AEGL Development
Teams consisting of a chemical manager, two chemical reviewers, and a staff
scientist of the NAC contractor—OQOak Ridge National 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 Subcommittee on Acute Exposure Guideline Levels for final
evaluation.

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

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

This report is the third volume in the series Acute Exposure Guideline Levels
for Selected Airborne Chemicals. AEGL documents for nerve agents (GA, GB, GD,
GF, and VX), sulfur mustard, diborane, and methyl isocyanate are published as an
appendix to this report. The subcommittee concludes that the AEGLs developed in
those documents are scientifically valid conclusions based on the data reviewed by
NAC and are consistent

Copyright © National Academy of Sciences. All rights reserved.
This executive summary plus thousands more available at http://www.nap.edu



Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 3
http://books.nap.edu/catalog/10672.html

not from the

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

INTRODUCTION 6

with the NRC guideline reports. AEGL reports for additional chemicals will be
presented in subsequent volumes.
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National Research Council

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. Bruce M.Alberts 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 responsibility 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 Institute 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 National 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. Bruce M.Alberts and Dr. Wm.A.Wulf are chair and vice
chair, respectively, of the National Research Council
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PREFACE ix

Preface

Extremely hazardous substances (EHSs)! can be released accidentally as a
result of chemical spills, industrial explosions, fires, or accidents involving railroad
cars and trucks transporting EHSs. The people in communities 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 airborne EHSs during accidental releases. Pursuant to the
Superfund Amendments and Reauthorization Act of 1986, the U.S. Environmental
Protection Agency (EPA) has identified approximately 400 EHSs on the basis of
acute lethality data in rodents.

As part of its efforts to develop acute exposure guideline levels for EHSs, EPA
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 request, the NRC published Guidelines
for Developing Community Emergency Exposure Levels for Hazardous Substances
in 1993.

Using the 1993 NRC guidelines report, the National Advisory Committee
(NAC) on Acute Exposure Guideline Levels for Hazardous Substances—consisting
of members from EPA, the Department of Defense (DOD), the Department of
Energy (DOE), the Department of Transportation, other federal and state
governments, the chemical industry,

IAs definedGanytight & MatiSupleffiatkmnehdnienceandIRighithoesemnied. Act of 1986.
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PREFACE X

academia, and other organizations from the private sector—has developed acute
exposure guideline levels (AEGLs) for approximately 80 EHSs.

In 1998, EPA and DOD requested that the NRC independently review the
AEGLs developed by NAC. In response to that request, the NRC organized within
its Committee on Toxicology the Subcommittee on Acute Exposure Guideline
Levels, which prepared this report. This report is the third volume in the series
Acute Exposure Guideline Levels for Selected Airborne Chemicals. It reviews the
AEGLs for the nerve agents (GA [tabun], GB [sarin], GD [soman], GF, and VX),
sulfur mustard, diborane, and methyl isocyanate 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 procedures 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 possible and to ensure that the report meets
institutional standards for objectivity, evidence, and responsiveness to the study
charge. The review comments and draft manuscript remain confidential to protect
the integrity of the deliberative process. We wish to thank the following individuals
for their review of this report: Mohamed Abou-Donia of Duke University; Janice
Chambers of Mississippi State University; and Sidney Green of Howard University.

Although the reviewers listed above have provided many constructive
comments and suggestions, they were not asked to endorse the conclusions or
recommendations nor did they see the final draft of the report before its release. The
review of this report was overseen by David Moore of Battelle Memorial Institute,
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
carefully considered. Responsibility for the final content of this report rests entirely
with the authoring committee and the institution.

The subcommittee gratefully acknowledges the valuable assistance provided by
the following persons: Roger Garrett (deceased, March 31, 2003), Paul Tobin, and
Ernest Falke (all from EPA); George Rusch (Honeywell, Inc.); Po Yung Lu, Claudia
Troxel, Robert Young, Carol Forsyth, Dennis Opresko, and Annetta Watson (all
from Oak Ridge National Laboratory). Aida Neel was the project assistant. Kelly
Clark
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edited the report. We are grateful to James J.Reisa, director of the Board on
Environmental Studies and Toxicology (BEST), for his helpful comments. The
subcommittee particularly acknowledges Kulbir Bakshi, project director for the
subcommittee, for bringing the report to completion. Finally, we would like to thank
all members of the subcommittee for their expertise and dedicated effort throughout
the development of this report.

Daniel Krewski, Chair

Subcommittee on Acute Exposure

Guideline Levels

Bailus Walker, Chair

Committee on Toxicology
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Dedication

The subcommittee dedicates this series of reports to our late colleague and
director of the Acute Exposure Guideline Levels program, Dr. Roger L.Garrett,
whose 27 years of distinguished service with the U.S. Environmental Protection
Agency in the fields of toxicology and health-risk assessment contributed
significantly to scientific knowledge, to the development of the Acute Exposure
Guideline Levels program, and to the protection of public health and safety.
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